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Physical Terms, Japanese Vocabulary of, 306 
Physics : the Science and Art Examination in, 102 ; Prof, von 
** Crank/' 244; Magnetic Leakage in Dynamos, H. S. 
Carhart, 559 ; Improvetl Clark Standard Cell with Low 
Temperature Coefficients, H. S. Carhart, 559; MercuritU 
Thermometers, Rogers and Woodward, 559 
Physiology t Influence of Digestive Juices in Virus of Tetanus, 
Prof. G. Sormani, 21 ; the Ferment Action of Bacteria, Drs, 
Lauder Brunton and Macfadyen, 2t ; a Text- book of Human 
Physiology, Dr Austin Flint, 74 ; Nuclein, Prof. Kossel, 119 ; 
Formation of Horny Layer of Skin, I>r. Blaschko, 119; the 
Muscular Sense, Dr. Goldscheider, 119; Apparatus lor Ex- 
amining the Bladder, Dr. Niue, 192 ; the Movement and 
Innervation of the Stomach, Dr. Openchowski, 240 ; Physio- 
logical Society, 240 ; Proposed Chair of Physiology at Uni- 
versity College, Dundee, 253 ; Influence of '^mpeinture 
upon Working Power of Muscles, Prof. Gad, 288 ; Destruc- 
tion of Anthrax Virus in Subcutaneous Tissues of Rabbits, 
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M* Pekelbaring, 312; Phywolocical Diagrams, G. Davies, 
317 ; Hcat-Reffulation in Man, Prof, Znnt^, 408 ; Darwinism, 
Alfred Ruisel Wallace, Prof. E. Ray Lankester, F.R S., 5^6 ; 
ihe Senses of Criminals, 596 ; Physiology of ihe Tmchea, 
M. Nicahc, 612; Penetration of Spermatozoids into Egg 
of Frog, M. M assort, 635 

Pickering (S, U.): Heat of Neutralization of Sulphuric Acid, 
94 ; the Expansion of Liquids *66 ; the Nature of Solutions, 
166; Use or Abuse of Empirical Formula and of Differentia- 
tion by Chemists, 3^3 ; on Some Effects of Lightning, 415 
Picton (llarotd)t a Chimpanzee's Humour, 234 
Pidgeon (Daniel), Atmospheric Electricity, 77 
Pigeon, Carrier, in Photography, Use of, 537 
Pilot Charts of Noith Atlantic Ocean, 107, 305, 401, <^78, 595 
Pin-hole Photography, Lord Kayleigh, F.K.S., on, 584 
Pinol, Drs, Wallnch and Oitn, 655 

pisciculture : Artihcial Ferlilizalion of Ova, Thomas Scott, 163 ; 
Acclimatization of Salmon, 382 ; Lake Trout Reared at 
Champ de PAir, Prof. Blanc, 422 ; the Natural Oyster Hanks 
of Brittany, Bouchon Brandely, 48/ 

Pitkin (James) and Niblett’s Fire-damp Meter, 66 
Placenta, Mammalian, Minot and Allis on, 419 
Placental ion of the Dugong, Sir W, 7 ’urner, K.R.S., 61 1 
Planets : New Minor Planets, 135, 424 ; Prof. Peter.s, 448 ; the 
Minor Planet Victoria, 109 ; the Planet Uranus, R. A. 
Gregory, 235 

Plants the Uses of, G. S, Boulger, 292 
Plants, Dried, a Method of Mounting, Dr. John Wilson, 438 
Plants, Report of the British Association Committee on the 
Disappearance of Native Plants from their Local Habitats, 

533 

Platanus Genus, the Origin of the, 6t 

Playfair (Consul-General), the Dangers of Viticulture in 
Algeria, 423 

Playfair (Right Hon. Sir Lyon, P'.R.S.): on Universities, 204; 
Subjects of Social Welfare, "637 ; Bimetallism, 638 ; Dis- 

J dacement of Labour by Modern Inventions, 638 j Technical 
Education, 639 

Pleiades and Prasepe, Reduction of Rutlierfurd’s J ^holographs 
of the, 448 

Pleistocene Papers, 609 

Piumandon and Colonies, Synoptic Table of Weather Predic- 
tion, 61 

Poison in Cured Fish, Prize offercil by Russian Academy of 
Sciences for Inquiring into, 178 

Poison of Tervtfstrial Salamander, Experiments on, C. Phisalix, 

484 , „ 

PolarizsMtioin, Elliptical, by Reflection. A. Cornu. 7 1 
Polarization, Recent Researches on, Electro-magnetic Rotatory, 
Prof. Kumlt, 96 

Polarized Light, Notes on, Prof. S. P. Thompson, 143 
Political Economy; Mathematical Method in, Rudolf Auspitz | 
and Ricliord Lieben, 242 { Mathetuatical 'i'heory of, Leon 
Walras, 4^ ; Prof. F. Y, Edgeworth's Address in Section F 
at the British Association, 496 
Pontedera auin u W. C. Sowerby, 327 

PorpoUes, the Protection of Fisheiinen against, Prof. E. Perrier, | 
403 ' 

Portugal, Botany in, 253 
FosevZitz (Dr, Theodor), Borneo, 49 
Potassium Iodide, Electrolysis of, E. F. Mondy, 417 
Potsdam Observatory, Publications of the, 482 
Pouchet (Georges), the Oceanic Sardine, 384 ; Currems of 
North AUantic, 577 

Pouff (P.), a New Form of Siemens Furnace, 561 
PouUon (E. B., F.R.S.) : on the Supposed Transmission of Ac* 
uired Characters, 610 ; Weismann's Essays on Heredity, ic., 
18 ; the Yellow I’owder from Cocoon of CHsicmmpa neustHa 
under Microscope, 635 ; Change of Colour in Living Larvae 
of Hamrophiltn ahmpiaHay 635 
Pi«ec€ (William Henry, F.R.S.): and Julius Maier, the Tele* 
phone, Prof. A. Gray, 200 ; on the Relative ElTects of Steady 
and Alternate Currents oa DIBerent Conductors, |^86 ; and 
Prof, G. Forbes, F.R.S,, on a New Thermometric Scale, 
^7; on Telephonic Communleation between London and 
Paris, 631 

Prefixes bi- ^nd di*, the Use of the, 370 
Prehistoric Flora of SwetUti* on the Geological History of the, 
Dr, A. G. Nathorst, 453 


Prehistoric Times in Northumberland, Rev. G. Rome Hall on, 
633 

Prel (Cari du), Philosophy of Mysticism, 28 
Presiwtch (Prof. Joseph, F.R.S.), the Wesileton Beds of the 
East Anglian Coast, 238 
Preyer tProf,), Reflexes in the Embryo, 24 
Priest man*s Oil engines for Blowing Fog- signals, 351 
Prime, Test of Divisibility by any, Robl. W. D. C.briatie, 247 
PringHheim (Dr.), Researches with Phonautograph on French 
Accent, 168 

Priority of Chinese Invention^, 165 
Prismatic Light, Patches of, C. S, S ott, 324 
Prjevolsky Memorial, the Proposetl, 547 
, Proceedings of Linnean Society of New South Wales, 135 
Professors, Oxford and its, 637 

' Projectiles, Chronograph for Measuring Velocity of, Captain 
I Holden, R. A., 66 

: Proposals of the Commissioners for the Exhibition of 1851, 265 
‘ Prospector’s Hand-book, the, J, W, Anderson, 293 
Protection and Free Trade, Sociology of, F. L. Ward, 558 
Protozoa, Psychology of, Prof. Geo. J. Romanes, F.R.S., 541 
' Provencal Population, Cephalic Index of, Fallot, 285 
, JVovenyah, Pagan Practices among Modern, Dr. KtVand, 562 
i l^russia, Meteorology in, Discus- ion of Instructions for Obser- 
vers of PntsRian Meteorological Institute, Dr, Wagner, 334 
; Psychic Life of Micro-organisms, Alfred Binet, 541 
j I’sychology, Physiological, the Paris Congress of 304, 372 
Psychology of Pix»lozoa, Prof. Ge>. J. Romanes, F. K.S., 541 
Pulkowa Ol>servatory lubilcc, 401 
Puma, Taming the, Wm. Lant Carpenter, 542 
Purification of Sewage by Electrolysis, W, Webster, 6ji 


Quarter Squares, the Method of, Joseph Blater, J. W. L. 
Glaisher, F.R.S. , 573; Prof. G. Carey Foster, F.K.S., 593 
i Quarterly Journal of Microscopical Science, 116 
I Quartz, Expansion of, H. Le Chatelier, u8 
, Quartz Fibres, C. V. Boys, F.R.S., 247 
Quartz as an Insulator, C, V. Boys, ^F.R..S., 71 
I Quatrefages (A. de), Introduction a I'Etude des Races Humalnes, 

: 407 . ^ 

i Queen, the, and Her Majesty’s Commissioners of the Exhibition 
of 1851, 25 

Queensland, Northern, Proposed Exploration of, by Mr* A. 
Weston, 308 

Quinquaud (M.), Quantity of Water in Blood, 144 


Radiation, Experiments on Electro-magnetic, including some on 
the Phase of Secondary Waves, Fred. T. Troutoii, 398 
! Raflinose, M. Berthclor, 612 
Pa^adia ensta, Note on, Sydney B. T- SkcrtchJy, lo 
Railway Reading Lamp, an Automatic Electric, 37^ 

Railway, the Working and Management of an English, Geo.^ 
Findlay, 219 

Railways, Ship, General Andrews, 108 
Rain, Black, the Earl of Kossc, F.R.S., 202 
Rain Clouds on Lake Titicaca. Hon. Ralph Abercromby, 12 ; 
Dr, Julius Hann, 78 

Rainbow, a Brjlikht, E. Burton Durham, 367 
Rainfall, British, 1888, G. J. Symons, F.R.S., 437 
Rainfall, on the Determination of the Amount 01, Prof* Cleve- 
land Abbe, 585 

Roinfalli Prof, iJoomis on, R* A. Gregory, 330 
Kambaut (Arthur A.j j Japanese Clocks, 86 ; Meridian Observa- 
tions of the Minor Planet Iris, 109 
Rankin (Angus), St. Elmo’s Fire on Ben Nevis, 439 
Rankine (William J. M.>, Useful Rules and Tables. 517 
Raoult’s Mrthod Applied to Alloys, C. T. Heycook and F. H. , 
Neville on, 587 

Rapallo, the Private Laboratory of Marine Zooloigy at, Dr, L. 

Camerano, M. G. Peracca, and D; Rqsa, 502 
Key (Saradaranjan), a Treatise on Elementary Algebrn and 
Algebraical Artificer 9 

Rayleigh (Lord, F.iIf.S-) : the Sailing Rlight of the AlbatrOH, 
34 ; Iridescent Crytitala, ^7 ; on Fin-bok Photography, ^$4 $ 
on Tones nf BelU, 

Reade (T. MellattR, Sftxlcava Borings and Valves in a Qmitder 
Clay Erratic, 1246 . 
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Habit in America^ Decay of the, W, WilkinK>nf 




de Isdtuto Lombardo, 2t, 92, 282, 635 
Kobaur-Paachwita (Dr. £. von), the Earthquake of Tokio, 
April 18. 1889, 294 

Rec^ition, a Cordial, W. J. Stillmann, 24$ 
fUefk, Corni, the Structure and Distribution of : Dr. H. B. 
Guppy, 53, 102, 222 ; W. Usboroe Moore, 2^, 27 1 ; Dr. 
John Murray, 222, 294 ; Prof. T. G. Bonney, F.R.S., 222; 
P« W, Baaaeit-Smitb, 223 
Reisa (Dr. G. O., F.R.S.), Death of, 133 
Kcgenerative Gas Lamp, a New Form of, 82 
Helchel (Dr), Experiment with Water-Hammer, 72 
Retcbenbach (Prof. Heinrich Gustav); Obituary Notice of, 83 ; 
his Collection of Orchids, 253 

Reid (£. Weymouth), Inclusion of the Foot in the Abdominal 
Cavi^ of a Duckling, 54 
Reid (Tnos.), Intermittent Sensations, 318 
Reinach (Salomon), the Writings and Opinions of Samuel 
Zarza, 68 

Reischek (A.), the Wandering Albatross, 306 

Reiset (JO, Ravages of Cockchafer and its Larva, 23 

Remsen (Ira), Inorganic Chemistry, 339 

Renard (A. F 0 > A. de Lapparent's Courd de Min^ralogie, 460 

Rendiconti del R. Accademia del Lincei, 108 

kendiconti del Real Utituto l^otnbardo^ 21, 92, 282, 635 

Reptilian Orders, G. A. Boulenger, 5 

Research, Endowment of, the Framjee Dinshaw Petit Labora* 
tory at Bombay, 44 

Research, Sdentihe, Danish Academy ‘Prizes offered for, 372 
Research, Scientihe, the Elizabeth Thompson Science rand, 
209 

Residuals of Mercury, O. T. Sherman, 63 
Resin, Spioifex, J. H. Maiden, 595 

Reunion, the Extinct Starling of (/>r^v7K/i/.r z^ar/us), R. 
Boadler Sharpe, 177 

Revue d’Antbropologie, 68, 285, 362, 659 

Rhodium, New ^'.eries of Double Oxalates of, M. Leidid on a, 
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Rib, on the Occasional Eighth True, in Man, Prof, D. J. 
ningham, 632 

Richardson (DrO : on the Action of Light on the Hydracids, 
..S? 7 i on a New Self* Registering Actinomcier, 587 
Ricketts (Dr, Chas.), a Cause of Contortions of Strata, 67 
Riley (C. V,), the Fruit Pest Curcu/ia in America, 373 
Riley (James), Alloys of Nickel and Steel, 58 
Rimelin (Dorn B.), the Probable Cause of Frondal Bifurcations 
in Ferns, 563 ^ 

King Formulae containing Nitrogen, 370 

Rinfc (Dr.), Recent Danish Researches in Greenland, 64 

Rio Janeiro, the Pasteur Institute at, 208 

Risley (H. H.), on the Study of Ethnology in India', 633 

RUtaikikagaku (iii,), Prof. Kikuchi, ^7 

River-Eel, the Natural History of the, Emile Blanchard, 383 

Rivers, Proceu of Transformation into Marshes of, M. Tanhlieff, 

Rivers, on the Transporting Power of Water in the Deepening 
of, W. H. Wheeler, 631 
RivUta Sdentifico-lnduatriale, 286 

Roberts (Thos.), the Upper Jurassic Clays of Lincolnshire, 167 
Koberts-Austen (Prof. W, C., F.K.S.), Obituary Notice of 
■Dr. John Percy, F.R.S., 206 

Robinson (Edward E.), Note on some Hailstones that fell at 
Uverpool on Sunday, June a, 1889, 

^binson (Admiral Sir Spencer), Death of, 326 
Rock Co 4 i Turtle-headed, 77 
Hock Feriy, Unusually Large Hailstones at, 133 
Hooky Mountain Goat, Dr. Grioneli, 62 
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R^Iet (Etienne), the JUtge Bones of the Akthrmid Apes, 287 
Honmn Wall, Erinus Mlsjtdttk$$s (?), on th^, Dr. Sydney H. 

Rdmanee^cl^rof. Geo, J., F,R.S:>t oh ftt* Ifental Faculties of 


A*$iht^MUkf0ts ca^vus, t6o 
O^B^hC CharaiDterl as 
Oatwiftiam, 645 


of Protoxoa, 542 ; 
Indiflerent* 609 ; 


Romanes (Dr. Robert), Death of, 60 
Rome, Proposed Pasteur Institute at, 326 
Roosen and Behtend (Dm.), Synthesizaiion of Uric Acid, 62 
Roosevelt (G. W.), Treatment of Vine-diseases in France, 446 
Rosa (D.), the Private Laboratory of Marine Zoology at Rapallo, 
30a 

Koscoe (Sir H. E., M.P., F.R.S.): and C. Schorlemmer, a 
Treatise on Chemistry, Vol, iii. Port v., 31 ; on the ReUiions 
between Science and Art, ^ ; the New Technical Education 
Bill* 73* 9t ; Aluminium, I82 ; the Life Work of a Chemist, 
578 ; Watts's Dictiona^ of Chemistry, 640 
Rosenbusch (Prof. H.), Petrographical Tables, an Aid to the 
Microscopical Determination of Kock-formlng Minerals, Prof, 
John W. Judd, F.R.a, 313 
Rosenthal (Prof.), on making Flames non* Luminous, 72 
Ross (Janet), the Land of Manfred, 413 
Ross (W. Gordon), a Manual of Practical Solid Geometry, 125 
Rosse(the Earl of, F.R.S.), Black Rain, 202 
Rossers Explorations of Indo-Chino, 599 
Rotation Period of the Sun, Henry Crew, 550 
Rotch (A. L.) ; the Meteorolo^cu Servicei in Europe, 117 ; the 
Meteorological Service in Belglam, 311 ; on the Meteoro- 
logical Service in Holland, 383 
Rousdon Meteorological Observato^, 163 
Rousseau (M.k a New Dioxide of Cfobalt, 307 
Rowan (D. J.), Luminous Night Clouds, 151 
Royal Academy Banquet, Sir Henry Roscoe on the Relations 
between Science and Art, 44 
Royal Botanic Society, 327 
Royal Botanic Society, the Founder of the, 304 
Rwal College of Physicians, Edinburgh, Reports from Ihe 
Laboratory of the, 41 1 

Royal Commission on a University for London, 121, 149 
Royal Danish Academy of Sciences, 372 
Royal Geographical Society, 2ro, 353 
Royal Horticultural Society, 162, 577 
Royal Meteorological Institution at Utrecht, 447 
Royal Meteorological Society, 94, 238 
Royal Physical &ciety of Edinburgh, 306 
Royal Society, at, 68, 92, 117, 189, 212, 405, 653 ; Conversa- 
zione, 65 ; New Fdiows o( 162 ; the Ladies' Conversazione of 
the, 210 

Royal Society of Edinburgh, 304, 655 
Royal Society of New South Wales, 336, 351, 432, 563 
Royal Society of Queensland, 327 
Ruapehu (Mount), Volcanic Activity in, 179 
RiiciterCPrtif. A, W., F.R.S.); the Magnetic Disturbing Forces of 
British Isles, 66 ; onCometicKebuIm, 583 ; on the Instruments 
used in the Recent Magnetic Survey of Prance, 5^4; and Prof, 
T. E. Thorpe, F.R.b., on the Relation betw^n the Geo- 
logical Constitution and the Magnetic State of the United 
Kingdom, 585, 609 

Kus!)ia: Expeditions Projected by the Russian Geographical 
Society, 65, 165, 230; Naphtha as Fuel in Middle Russia, 163 ; 
Russian Academy of Sciences, 178 ; Intensity of Heat in 
Russia, 253 ; Russian Chemical and Physical Society, 326 ; 
Geology in, 403, 

Rustic Walking Tours in the London Vicinity, 254 
Rtttheniuni, Atomic Weight of, A. Joly, 72 
Rutherfurd's Photographs of the Pleiades and Prsesepe, Reduc- 
tion of, 448 


Safford (Prof. T. H,), Right Ascensions of North Circumpolar 
Start, 63 

Sage (H. W.), and Cornell University, 179 
Sailing Flight of the Albatross, A. C. Baines, 9 ; Lord Rayleigh, 
F. R.S>, 34 

Sailing Flight of Large Birds over Land, S. E. Peal, 518 ; Dr. 

R. Courtenay, 573 
St. Andrews University, 547 
St. Elmo's Fire 00 Ben Nevis, Angus Rankin, 439 
Salamander, Experiment^ on Poison of Terresirial, C. Phisalix, 
4S4 

Salmon, Acolimatkat^ of; 282 
Salmon Smolts, Pem Skte pf, 45 

Salvador! (Tommaw^, Hlbematiafn of Martins in the Argentine 
Republic^ 223 , 

Samoa, Dr. C. Forfeyth Major^s Discoveries in the Isle of, 400, 
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San Toi?^ Meteorological Institute, 84 
Sanct Showers, Prof. P. F'. I>er«a, 286 

Sanderson (Prof. Burdon, KR-S.) : Opening Address in Section 
1 ) (BioU>gy) at the British Absociation, 521 ; on Evolution 
and Morphology, 521 

Sandhurst and Woolwich, Examinations for, 43 
Sanitary Conference at Worcester, 548 
Sanitary Institute, 536, 537 ; Congress of, 326 
Sanitary Reform at Benares, Native Opposition to, 44 
Sanitary Science, Diplomas in Public Health, 516 
Sanitary and Technical Purposes, Examination of Water for, 
Henry Leffmann, 293 

Saprolegnta, Prof. Hariog on the .Structure of, 6(i 
Sardine Fisheries on the Coast of Brittany, 264 ; the Oceanic 
Sardine, 384 

Saturn’s King, White Spot on. Prof, Holden, 15 ; M. Terhy, 
307 

Sauermann (Dr.), Effects of Pepper^feeding on Birds, 192 
Sasicava Borings and Valves in a Boulder Clay Erratic, T, 
Mellard Reade, 246 

Saxony, Waterspout in, 84 ; Ornithological Observatories in, 
577 

Sayce (Prof A. II.), Babylonian the Language of Polite Society 
m the F'ifteenth Century B.C., 239 
Sca^tasa .rtt/r<*?'vrt7, Trimorphism in, Arthur Turner, 643 
Scapia, Meteorite found at, 229 
Scarlet Fever and Cow Disease, 5$ 

Schists Crystalline, of Norway, Dr. A. Geikie, F.R. S., 608 
Scblagintweit (Adolph), Memorial to, 326 
Sclater (Dr. P. L., F.K.S.), Bambangala, 54 
Schlresing (Th.); Nitrification of Ammonia, 539 J Air in the 
Soil, 636 

Schmidt (Dr. Carl), Zur GeoJogie dcr Schweiieralpen, 220 
Schmidt (Dr. K. W.), the Soil and Climate of German East 
Africa, 46 

Schneider (M .) : the Channel Bridge, 536 j the Proposed Chan- 
nel Bridge, 560 

Schonland (Selmar), Weismann’s Essays on Heredity, &c., 618 
School of Oriental Studies a New, 251 
Schorkmmer (C., F.R.S.) and Sir H. E. Roscoc, F.R.S., a 
Treatise on Chemistry, Vol. iii., Part v., 31 
Schuster (Prof Arthur, F,K.S»)» on the Passage of Electricity 
through Gases, 585 

Schwaika (Lieutenant), Cavffiijliyellerx in Mexico, 208 
Schweinfurth (Dr.)» Journey to H'0deida, 182 
Schweizeralpf^, zur Cieologie der» Dr. Carl Schmi«lf4?dd^; 
Science, amD Art Ex^piination in Physics, 102 V,.,. 

Science aM Sir Henry Ro&coe on the RelafidhA^petwcen, 
. 44 - 

Science Ctpllwtjohs at South Kensington, 425, 565 
Science, ElemcntSary Teaching of, 589, 599 
Science in Elementary Schools, Report to the British Association 
of the Committee on the 7 'cachin^ of, Prof Armstrong, 554 
Science Examination Papers; R. Elhot Steel, 293 
Science, French Asaociaiion for the Advancement of, 394 
Science, an Index to, J. Taylor Kay, 226 ; James Blake Bailey, 


Science Lectures Victoria Hall, 653 
Science an She U Wrote, 556 

Science Teaching, the New Code and, Dr. J, H. Gladstone, 
F.K.S., I 

Science, the Teaching of, Prof Henry E. Armstrong, F.R.S., 

64s 

Setentm^ Dinner to Prof Fras. Darwin, 207 
Scientific E^ltitcation, the Vices of our, Prof, Minchin, iaf> 
Scientific ;R«ifearch, Endowment of, the Framjec Dinshaw Petit 
L^bontlory at Bombay, 133 
Scientific Works of Sir William Siemens, 409 
Scientific Worthies, Dmitri Ivanowiish Mendel eeff, Prof 
T. E. Thon>^» F.R.S., 193 

Scotland : Scotch Fisheries Board, J06 ; Scottish Geographical 
Magazine, iSt, 59S ; Recent Kaeearchee into the Origin and 
Age of the Highlands of. and the West of Ireland, Dr. 
Archibald Geikie, F.R.S , 299, tio;; Meteorological 
Observatory, 304 ; Meteoro- 
logical Society, 326; appointed 

by tlte Ut^itish Association co-Operating 

With, in making Meteorological Ben Nevii, 

535 ' 

Scott (C. S. ), Patches of Prismatic Light, 224 


Scott (Thomas), Artificial Fertiliration of Ova, the 

Fertilization of the Ova of the Lemon Sole with the Milt of 
the Turbot, 253 

Seamen of the Merantile Marine, CoIour-BIindneM and Defective 
Far-Sight among the, 438 

Section Work at the BritLh Association, Prof Oliver J, X«odgp^ 
F.R.S., 593 

Sedgwick Prize Essay at Cambridge, 516 
Sccd-Di-^persion, Biids and, 305 

Seeley (Prof fl. G., F.R.a); in Russia, 13 ; Structural Pecu* 
liarnies of Colymbosaurus, 653 

Seismography ; the Earlier Eruptions of Krahati£b, Prof Johr> 
W. Judd, F.R.S., 365; the Supposed Connection betweetv 
Distant Earthquake Shocks, William White, 393 
Seismology i in Italy, Prof Giulio GimbiovttZi 246 ; Dr. H. J. 
Johnston- Lavis, 294; an Earthquake* A.. B. Sharpe, 294 
the Recent Great Earthquake in Japan, 461 ; Prof John 
Milne’s Ninth Report On the Earthquake and Volcanic 
Phenomena of Japan, 608 ; Scismological 'Work in Japan,. 
Prof John Milne, 656 

Self Induction, Name for Unit of, Prof Oliver J. l^dge, F.R.S.,. 

It 

; Self-Induction, on a Valuable Standard of, Prof Perry, F. R^S., 

: S86 

’ Selous (F. C.), Mashona Lahd, 1 6 
I Sensations, Intermittent, Thoa. Reid, 318 
, Sensations of Motion, out, Prof A- Crum Brown, 449 
; Senses of Criminals, th^, 596 
Sentis, Meteorological Experiences on the, I^r. Asstnann, 

I Sequence, an Unusual Geological, the Duke of Argyll, 642 
Senes Electric Traction, Northfleet Tramways, Edward Man- 
ville, 630 

Servia, Disafforestation in, 445 

Service Chemistry, Vivmn IL Lewes, 639 

Seven, some Properties of the Number, R. Tucker, ii$ 

Sewage and Fish, Willis Bund, 548 
Sewage, Purification of, by Electrolysis, W. Webster, 631 
Seymour (Dr.), the Hygiene of the Japanese House, 15 
I Sguario (Eusebio), an Italian Precursor of Franklin, 108 
Shark off Ventnar, Caplurc of Large, 163 
Shaiqie(A. R.), an Earthquake, 294 
Sharpe (R. Bowdlcr), the Extinct Starling of Rf'union 
rar/us), 177 

Shaw (W. N.), Report to the British Association on the Present 
Slate of our Knowledge in Electrolysis and Electro-chemistry,. 

Shefdon (Lilian), Maturation of Ovum in Cape and New Zea- 
land F'eripatus, 116 

Sherman (O. T.), the Residuals of Mercury, 63 
Shilling Night Clouds, an Appeal for Observations, T, W. 
Backhouse, 594 

Ship Railways, General Andiews, io8 

Shipley (A. E.), WeUmann’s Essays on Heredity, 6t8 . 

Shufeldt (R. W.), on the Aquatic Habits of certain Land Tor^ 
toises, 644 

Sibley (W. K.), on Lefi-Ieggedness, 632 
Shicro^hn dutcificum^ D. Mdrris, 258 

Siemens (Fredk.), the Application of Gas to Furnace- healings 
S 7 fi 

Siemens Furnace, a New Form of, Head and Pouff, 561 
Siemens (Sir William, F.R.S.), the Scientific Works of, 409 
Sigillaria, the, Grand’Eury, 48 

Signals, on an Instrument for Measuring the Reaction Time to- 
Stght and Sound, Francis Gallon, F.R.S., 633 
Sikawet Meteorological Observatory, Bulletin of, 253 
Silicon, the Inlluence of, on the Properties of Steel, Hadfield,. 
587 

Silks, Wild, in the East, Treatment of, 447 
Silver, Action of I 3 ght on Aliotropic, M; C. Lea, 404 ’ 

Silver, on of Dqiosit of, Produced by the Develop- 

ment on a'^lilMigiwphic Plate in terms of the Intensity of 
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THE NEW CODE AND SCIENCE TEACHING. 

T he new Code of the Education Dep^ment ^ is now 
lying on the table of the House of Commons, and 
never, since the famous proposals of Mr. Mundella, has 
there been so much stir among those interested in primary 
instruction as at the present moment. The reason is not 
fiir to seek. For some years a Royal Commission has 
been sitting and taking evidence, and it has produced 
several bulky Blue-books during the course of the past 
year. It was known that the Commission was divided 
into a majority and minority who were strongly opposed 
to one another on certain questions of policy. This has 
found expression in lengthy reports and contradictory 
recommendations j but, to the satisfaction, if not to the 
surprise, of educationists it is found that on purely edu- 
cational matters there is an almost perfect unanimity 
between the two sections. It was therefore a matter of 
deep interest to see how, and to what extent, these 
leebrnmendations, signed by every member of the Com- 
mission, would be embodied in the proposed Code 
of 1889. 

At the outset it may be well to remarc that ther6 are 
several alterations in this Code which are almost uni- 
versaDy allowed to be improvements. But it is conceived 
in a spirit of campromise, and perhaps no party is entirely 
satisfied with it. The only point we have to consider Is 
the aspect of the Code towards the teaching of natural 
sdhoce* 

It ^ convenient to group our observations under 
headings. 

h The direct changes proposed in the teaching of 
These are almost confined to one or two modi- 
dcati<^a in the geographical schedule, and to a provision 
that ^ $4i(dars of any public 'eten>entary school may 
ciaeshs ^d at an/ place approved by the 
This may be very useful in towns, espe- 
4S; ':h will admit of the formation of cishtriil i 
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laboratories or work-rooms similar to the present 
Cookery centres. 

11. The proposed changes which will tend to facilitate 
the teaching of science. There arc four subjects of in- 
struction which are termed “ class- subjects : English 
(including grammar, composition, and repetition of poetry), 
Geography, Elementary Science (a progressive course of 
object-lessons), and History ; together with Needle-work 
for girls. Only two of these class- subjects can be taken 
for examination, and, under the old Code, “ English ** 
must necessarily be one of those chosen. The conse- 
quence of this is, that “ Elementary Science ” has never 
got a footing in our schools, for even where two class- 
subjects are taken, they are nearly always English and 
Geography, or English and Needie-work. The supre- 
macy of English is now to be put an end to, so that any 
teacher may now take Elementary Science, if he or she 
should prefer it, and earn a grant. 

The enormous waste of time and patience in making 
little children, even in our infant-schools, learn the spell- 
ing of common words, is to be reduced. The inspector 
is to give no dictation exercises to boys and girls under 
the second standard. This will give more time for 
object-lessons and other valuable modes of instruction. 

Some relaxation of the literary requirements are also 
made in the case of evening schools. 

The present system of payment by results is to be so 
modified that the cramming in the three R.’s will not be 
so profitable, and there will be more chance for intelligent 
teaching. One of the matters also to be taken into 
account by the inspeaor in assessing a school, is the 
provision of ** apparatus," though this need not necessarily 
have anything to do with what scientific men would call 
by that name. 

These proposed changes are in the right direction, but 
the value of many of them will largely depend upon how 
they arc understood. There is a singular want of clear- 
ness In some of the clauies. The annual instructions 
to inspectors" have not been yet drawn up, and indeed it 
is very improbable tfiat they will make their appearance 
until after the Code has become law. It is quite possible 
to take aUray with one hand what is given with the other. 
Th^ present agitation is therefore of great importance 
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not merely in getting madiBcatiens of the Code when 
discussed in Parliament^ but in inducing the Educatten 
Pepartment to give their inspectors such instructions as 
shall secure that the greater liberty of teaching should be 
a reality ; that the ominous word repetition/^ introduced 
into one or two paragraphs may not become English'’ 
tn disguise ; and that the spelling of the second standard 
should not involve a laborious preparation of the younger 
children. 

III. These alterations bearing on the teaching of 
science fall far short ‘of what the Royal Commissioners 
unanimously recommend. The report of the majority 
states that " some elementary instruction in science is 
only second in importance to the three elementary 
subjects namely, reading, writing, and arithmetic, 
and it places among subjects regarded as essential, 
**gcpgrapiiy (especially of the British Empire) ; lessons 
on common objects in the lower standards leading up to 
a knowledge of elementary science in the higher stand- 
ards/' It adds, “ That geography, if properly taught, is a 


branch of elementary science, which ahouid not be j 
separated from the other branches, and might well be j 
taught along with Object lessons, in accordance with the | 
recommendations of the Royal Commission on Technical j 
In&tfuction that the cuniculum in the ordinary cle- ' 
mentary schools might often include not only instruction ! 
in the elementary principles of science, but also, in certain i 
standards, elementary manual instruction in the use of i 
tools, and in higher schools and evening schools this i 
work niight be carried still further that, in making j 
future appointments to the office of inspector, it would be j 
desirable, in regard to a larger proportion of them than i 
at present, to give special weight to the possession of an i 
adequate knowledge of natural science.” The members of 
tbe minority express themselves, if passible, more ! 
strongly ; and make such additional remarks as, “ We are 
of opinion that, after the children have left the infant 
school, tninsitional methods should be adopted, which 
will devi^lop their activity and train their powers by 
drawing in all cases, and by such other means as, for 
instance, modelling, or the collection and mounting of bo- 
tanical specimens.”. . . “If science is to be well taught, care 
should be taken, that where the ordinary teachers are not 
qtutli/ied, specially trained teachers should be employed.” 
In respect to technical schools they say, “ These schools, ; 
whtdb sltould be tbe crown and development of elementary i 
education, should be in touch and close sympathy through ' 
Ibeir management with our elementary school system.*^ ' 
IV. The proposals of the new cJ>de also fall far short 
of what the principal School Boards are attempting. 
Spirited efforts are made in Birmingham, Manchester, 
Sheffield, Brighton, and other provincial towns, in estab- 
lishing higher elementary schools with useful scientific 
leaching. The London Board determined from the com^ 
mencement that objeetdessons leading up to science sub- 
jects should be given in all its schools. It has repeatedly 
contended for the offickil recognition of such lessons; 
nskd it has lately sent a memorial to the Education Depart- 
mmX asking that tbe regulation, at present in force in the 
infant schools^ that, in assessing the grant, regard ahouid 
be had ^ to the provision made for simple leaaons on obi 
jectaand on the phenomena of Nature and of common Hle/f 
should be extended to the boys' and girls' departments. 


The refoms decided upon by the London Board last year 
with the view of making the teaching more experimental 
and practical, and mot so much a matter of book-learn- 
ing as a development of intelligence and skill (See 
Nature, voI. xxxvii. p. 577), are being gradually put 
into operation. 

It has also for some years carried on a few classes for 
manual instruction in the use of tools with good success, 
but its efforts in that direction have been nearly paralyzed 
by tbe disfavour of the Legiidature. This seems n neces- 
sary step towards the technical education which is now^ 
loudly called for (see Sir Henry Roscoc's lecture, Nature, 
v()I. xxxviii. p. 186) ; jbut in the new Code we look in vain 
for a word of encouragement. 

Some of the larger Boards have carefully provided good 
instruction in natural history, and in the fundamental 
principles underlying mechanical, physical, and chcmicsil 
science, for their pupil -teachers, though that does not 
appear upon the Government schedule. 

V, What is wanted is afar more liberal recognition of the 
claims of science in elementary education. At present, 
object-lessons or certain sciences are, no doubt, recognized 
by the Code ; but it is merely as an additional subject of in- 
struction not comparable with the literary subjects which 
are considered essenthd, and which occupy the great bulk 
of the scholars' time. The knowledge of Nature is, in 
fact, totally neglected in hundreds or thousands of ele- 
mentary schools, especially in country districts, where it 
would appear to be even more impoitartt than in towns. 
A boys’ or girls’ school can obtain the highest credit in 
the inspector’s report, and the highest possible grant of 
money, without its scholars having ever heard of animal 
or plant, or of those materials of the world, or of those 
natural forces, with which the scholars will have to deal 
all through their lives. And what is perhaps still more 
anomalous, those pUpil tcachers who arc possibly ejected 
to give object-lessons in their schools arc never examined 
in. natural history by the Department, and may gain 
a high place in their examinations without the least 
knowledge of any kind of natural science. 

It seems most desirable that every little child who 
enters our schools should be led to observe and inquire ; 
its curiosity and activity should be encouraged and 
directed ; only when rts senses* have been made ac- 
quainted with things should it be introduced to tJrt words 
by which they arc called, first orally, then in writing or 
print It should proceed from the concrete to the abstract, 
The works of the Creator are as worthy to be studied as 
the words of men, and should hold as high a place in any 
school curriculum. 

The reply of the Department to such requests as these 
will probably be, We cannot assume that the teaedms 
are capable of teaching or tbe inspectors of exatxdning, 
science. No doubt there is that difficulty. But tnwwy of 
them are callable, and they are alt presumably 
men, who would easily learn what might be requjf^ bt 
them. Special teachers of science also exist, and special 
examiners might be appomted. It may not be possiWe 
to insist on all these reforms at once, but at least est- 
conragement should i>e held out to ihem^ itietead of 
the disappointing ixncwtainties of the Code now Mfiire 
Parliament 

J. H. 
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THE NATIONAL SCIENCE MUSEUM. 

I T is tiow fifteen years since the Duke of Devonshire's 
Commission, In its fourth Report, made the following 
recommendations : — 

With regard lo $ke ScknHjic C<>ikciidns of the Sovtk 
fCen^nfi^im Museum^ wc recommend : 

^*9. The formation of a collection of physical and 
mechanical instruments ; and we submit for consideration 
whether it may not be expedient that this collection, the 
collection of the Patent Mxiscum, and that of the Scientific 
and Educational Department of the South Kensington 
Museum,' should be united and placed under the author ty 
of a Minister of State. 

“ With regard to PrmnndAl Museutns^ we recommend : 
10. I'hat, in connection with the Science and Art 
section of the luiucation Department, qualified naturalists 
be appointed to direct the collection of specimens in order 
to supply whatever deficiencies exist in the more import- 
ant Provincial Museums ; and also in order to organise 
typical museums, to be sent by the Department of Science 
and Art into the pix)vinces to such science schools as may 
be reported lo be likely to make them efficient instruments 
of scientific instruction. 

“ 1 1. That a system of inspection of Provincial Museums 
be organized with a view of reporting on their condition, 
and on the extent to which they are usefully employed, 
and whether the conditions of the loan or grant from the 
Department of Science and Art have been fulfilled." 

U is quite in accordance with the general way in which 
scientific matters arc treated by the British Ciovemmeni 
that practically nothing has been done to give effect to 
these recommendations. Committee after Committee has 
boon appointed, but it would seem more to give an excuse 
for delay than anything else. IKu the apathy of the Govern- 
ment was not shared by H.M. Commissioners for the Exhi- 
bition of 1851, for some time afterwards they offered a large 
site on their estate, and a building to be erected at a cost 
of ;^too,ooo, if the Government would undertake its main- 
tenance for the purposes named in the recommendations. 
Even this munificent offer was declined. 

Again we hear that another Committee has been ap- 
pointed. Its sailing orders arc not known, but whatever 
they may be, it seems desirable to again place on record 
after an interval of fifteen years that part of the Report in 
question which relates to the inquiry intrusted lo the Com- 
mittee. The Report was the result of much and patient 
inquiry and deliberation (the Commission worked for five 
years), mid that the competence of the Commission may not 
be doubted after this lapse of time, wo give the names of the 
Royal Commissioners ; the Duke of Devonshire, Sir John 
Lubbock, 5 ir James P. Kay-Shuttlcworth, Dr. W. Sharpey, 
Prafi T. H. Huxley, ITof. G. G. Stokes, Prof. Henry 
J. Si Sioabfc, and Mr,, now Sir, Bernhard Satnuelson. Mr. 
J. Normal LOckyer was the secretary of the Commission, 

Tifk COtLBCTIONS AT SOOtR KENSmOTOft; 

64- Somh Kensbgton Museum is administered 
by a Bfttictor who is r« 5 pott»ibl^ to the Lords of the 
Comtejttbb Rrivy Council 4m Education. 

Tbotif b) special circumstances, the art col- 

been, up to the present 
ft has contained, from its esWlto 
of a scientific nature. Thdse at 


(t) The food collection. 

(2) The animal products collection, 

(3) The structure and building materials collection. 

(4) Models of machinery, ships, and military and naval 
I appliances. 

I (5) Collections illustrating economic entomology and 
forestry. 

. (6) Collections illustrating fish culture, 

' (7) The educational collections. 

(8) The Patent Museum. 

06, The Food ■— This collection, which was 

' commerced in 1858, has been formed with a view to 
showing, first, the chemical composition of the various 
substances used as food ; secondly, the sources from 
which all varieties of food are obtained ; and, thirdly, 

' the various substances used for adulteration, and the best 
methods of detecting them. 

A duplicate collection of the chemical analyses of food 
is used for circulation among country schools, and large 
descriptive labels are supplied to Uie managers of country 
museums who may apply for them. 

67. The Animal rroaucts Collection . — lliis collection 
was established by the Commissioners for the Exhibition 

I of 1851, who observed that, whilst the public possessed, 
i in the Museums of Kew and jermyn Street, collections 
i illustrative of the economic applications of mineral and 
; vegetable substances, there was no representation of the 
; uses of the animal kingdom. The collection consists of 
; animal substances employed in textile manufactures and 
clothing ; substances used for domestic and ornamental 
purposes ; pigments and dyes yielded by animals ; ani- 
mal subslances used in pharmacy and in perfumery ; and 
the application of waste matters, together with illustrations 
of the processes of manufacture. 

I Wc have been informed that, for want of space, this 
j collection has been bvtt little developed of late years, 

68 . Constri/ftion and Building Materials Coiled ion . — 
j This collection had its origin in a large number of models 
I and specimens which were presented to the Commis- 
I sioners for the Exhibition of 1851 at its close. In 1859 
{ the collection had become so extensive from gifts, es- 

■ pecialJy fioin the Exhibitions in London and Paris, that 
; the classified Catalogue formed a most useful book of 
I reference an the subject, and w^as largely sold as such. 

; The collection consists of the following objects: — 

. building stones ; marbles and slates ; cements and 
, plasters ; bricks of every description ; tiles for roofing, 
fiooring, and wall decoration ; terra-cottas ; dmin-pipcs ; 
asphalte and bitumen ; iron and metal work ; woods 
applicable to building purpose?; glass, and its applica- 
tion ; models of buildings and construction ; paper- 
hangings ; papicr-nidche work ; architectural drawings 

■ and plans. 

69. In connection with this Museum, numerous experi- 
ments on the strength of materials have been carried 

I on, the results of which have been published in the 
, Catalogues. 

7c. Models of Machinery^ Shifs^ and Military and 
Auwal Appliances . — This collection consists principally 
of models of marine engines, ships, and guns. But there 
arc also specimens and models cd machinery of a 

■ different character, such as the jacqvtard loom, the Whit- 
worth ineasuring machine, and the Babbage calculating 
machine. 

I 71. Coliediom illustrating Economic Eniomolo^ and 
Fm^cstry.^-^K collection of ^onomic entomology is now 
in course of formation. It is intended to enable the 
public ro distinguish insects injurious to man from those 
that work to his advantage, and to illustrate the best 
means of destroying those which are injurious,, or of 
mitigating the ravages committed by them. 

This collection, m its relation to forestry, contains 
specimens of the various kinds of timber attacked by 
irtiects, the Itisecis themselves in 'various stages of 
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growth, and the appearance of the foliage and bark when 
attacked. The best known means of de.stroyi ng the 
insects are also indicated. 

73. CalkcHon illustrating Fish Culture , — This collec- 
tion illustrates the artificial breeding of fish, the protec- 
tion of rivers, methods of capture of fish, &c. All or 
nearly all the collection belongs to Mr. Buckland 
(Inspector of Salmon Fisheries). It is on loan to the 
Museum. 

73. The Educational Collections. — These collections 
comprise : (0 ^ library of books bearing on education in 
which location in science is largely represented ; and 
{2) a collection of school furniture and fittings, philo- 
sophical instruments, apparatus for scientific afid other 
instruction, specimens and diagrams of natural history, 
including mineralogy and geology, and other educational 
appliances, such as drawing materials, &c. 

74. The origin of the library and collections is due to 
an Education^ Exhibition formed by the Society of 
Arts, and held in St Martinis Hall in the summer of 
1854. When this Exhibition closed, many of the con- 
tents, English and foreign, were placed by the exhibitors 
at the disposal of the Society, and a strong desire was 
expressed that it should become a permanent institution. 
The collection thus formed was ofiered to and accepted 
by the Government. 

75. The chief manufacturers of educational appliances 
and publishers of school books have largely contributed, 
and numerous gifts have been received from foreign 
Governments, especially at the close of the Exhibitions 
of 1862 and 1871. In con.sequence of the great demand 
far educational works on scientific subjects, the vote for 
purchases has of late years been largely expended in 
strengthening the library and collections in this direction. 

76. Speci;d collections Of apparatus for teaching the 
vaiious branches of science, have lately been formed. 
Duplicate sets of these are circulated in the country. 

77. The total number of books and pamphlets in the 
library exceeds 30,000. 

78. A I'eadiftg-room, ill-adapted and 'much too small 
for the purpose, as it has been stated in evidence, is at- 
tached to the library. It is open during the same hours 
as tho Museumi and is chiefiy frequented by students, 
teachers, clergymen, school-managers, and others who 
wish to consuiC special books, or to become acquainted 
with ^e best educational works on the various subjects. 

79. 7%e Patent In connection with the 

South Kensington Museum, but under the control of the 
Commissioners of Patents, there is also a Patent Museum, 
consisting of a collection of patented and other inven- 
tions, ill-accommodated in a building which is much too 
small for the proper display of the objects. The col- 
lection belongs partly to the Commissioners of Patents, 
partly to the Commissioners for the Exhibition of 1851, 
and partly to private persons : it contains many most in- 
teresting specimens, especially a series illustrating the 
history of the steam-engine from its earliest days. 

PkoposfiD ADDrnoNSTO THk Scientific Collections 
OF THE South Kensington Museum. 

8a We consider it our duty to point out the striking 
contrast afforded by the British Museum collections, 
dealii^ with biology, geology, and mineralogy ; the Jer- 
myn Street collections, dealit^ with geology (scientific 
and economic), mineralogy, mining, and metallurgy ; the 
Kew collections, dealing with botany, on the one hand ; 
and, on the other hand, the collections in the Sldentific 
Department of the South Kensington Museum (including 
the Patent Museum), where alone has any attempt been 
made te collect togeiher, in a Museum, objects iiiustfating 
the experimentat sciences. 

8r. while it is a nutter of congratulation that the 
Bridah Museum contains one of the finest and largest 


collections in existence illustrative of biological science, 
it is to be regretted that there is at present no naticmal 
collection of the instnimenta used in tne investigation of 
mechanical, chemical, or physical laws ; although such 
collections are of great importance to persons interested 
in the expernnentM sciences. 

82. We consider that the recent progress in these 
sciences, and the daily increasing demand for knowledge 
concerning them, make It desirable that the national col- 
lections should be extended in this direction, so as to 
meet a great scientific requirement which cannot be 
provided for in any other way. 

83. The defect in our collections to which we have 
referred is, indeed, already keenly felt by teachers of 
science. If a teacher of any branch of experimental 
science wishes to inspect any physical instrument not in 
his possession, as a teacher of literature would a book, or 
a teacher of biology would a specimen, there is no place 
in the country where he can do it. 

84. We are assured by high authorities that, on the 
Continent, collections of scientific apparatus, when com- 
bined with lectures accessible to workmen, have exerted 
a very beneficial influence on the development of the 
skill of artisans employed in making such instruments. 

85. Lord Salisbury, m evidence before us, has staled : — 

“There is another point in which I think that the 

Government might give an advantage of an educational 
kind to scientific research. It would be desirable, if it 
were possible, to provide the means of giving scientific 
instruction to instrument makers. My impression is that 
their importance to the conduct of scientific research is 
scarcely sufficiently recognized by the public, and that it 
is, 1 will not say quite, but almost of equal importance, to 
have highly educated and cultivated scientific instrument 
makers, as to have highly educated scientific thinkers,*^ 

86. A valuable part of the instruction to which Lord 
Salisbury refers would be derived from the examination 
of collections in which the history and latest develop- 
ments of each instrument could be studied with a view 
to its improvement or modification in any particular 
direction. 

87. On this point we have received interesting evidence 
from Colonel Strange 

“ What is your opinion as to the need of a museum of 
scientific instruments, and apparatus, and machines^ and 
tools used in the arcsP—l think that that is a very im- 
portant branch of the subject indeed. I peed scarc^y 
allude to the great importance that is attached to that on 
the Continent. The name of the Conservatoire de$ J^s 
et Metiers will suggest it at once, which is the very 
evidence indeed that I could ^oduce^ 1 have ofl^. 
visited it with great interest and pro^. Moreover^ 1 
believe there are several others in Paris, some of more 
recent establishment, of the same kind ; 1 look upon that 
as a most necessary part of any scientific systent. No 
scientific system can be complete without examples Of the 
apparatus that are being used in all branches of science, 
both in England and imroad, and on that point I speak 
from experience of the great use that such a museum 
would be. . . . If there were a great museum, such as i 
suggest, containing all the new developments in instru- 
ments, and in nsaebines and tools, to which I could 
resort, I should be able to introduce modifications 
far great^ confidence, and it would be an ehormbus 
assistance* to me individually. I find ^^ry few persons 
who have really studied what I will future to caH the 
physiology of instruihents and aif^aratus, and sut^ persona 
would derive very great advariutge, I think, from 
able to go to an establishment whete large coUeoMotia of 
apparatus of dlffbront dates and the products of 
minds were collected together in one view, some ^ 
would con tarn some desideratum of which they in 

search, I thinly if :they had such a collectton (0 ^ 

it would matedally fiid them in the choice of 
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titey and would t«nd enormously to advance 

exact experiments. There is no doubt that some years 
there was no nation that could compete at all with 
England in such matters* but we have taught the rest of 
the world, and the pupil has now become somewhat in 
advance^ in many airections, of his master. Also the 
spread of scientific education on the Continent has 
tended to the application of more sound principles of 
conitriiction in such things than with us.’* 

88. Although the question of the establishment of a 
Museum of Scientific Apparatus is more closely allied to 
the objects of our Commission than that of a Museum of 
Mechanical Inventions, we think it right to call attention 
to the proposals made by a Committee of the House of 
Commons appointed to report on the Patent Office 
Library and Museum. 

89. That Committee gave, in the following terms, their 
conception of the nature of the Genera] Museum of 
Mechanical Inventions/’ the establishment of which they 
contemplated 

It appears to your Committee that the chief purpose 
of a General Museum is to illustrate and explain the 
commencement, progress, and present position of the 
most important branches of mechanical invention ; to 
show the chief steps by which the most remarkable 
machines have reached their present degree of excel > 
lence ; to convey interesting and useful information, and 
to stimulate invention.” 

90. With regard to the funds which would be necessary 

for the establishment of such a Museum on an adequate 
scale, the Committee, referring to a large sum which had 
accumulated from the fees paid by inventors (which fund, at 
the end of the year 1871, amounted to ;£923,74i n^.), 

stated that— 

Your Committee consider that the principal object of 
the fees payable under the provisions of the Patent Law 
Amendment Act, was to provide for the proper working 
of that measure, and not for the purpose of increasing 
the general revenue of the country. Without entering 
upon the question whether or not a claim exists to have 
the surplus exclusively devoted to the purposes of the Act 
of 1852, your Committee are of opinion that for the 
future the annual surplus revenue accruing from the 
operation of that Act should be so applied to the 
extent which may he necessary.” 

91. We agree with the Committee as to the general 
character of the objects to which the fund in question 
^utd be appropriated. 

9a. We consider that this fund, which is derived in 
great part from the applications of scientific principles 
to various uses in the arts and industries of the country, 
would be very properly spent in bettering some of the 
cemdittons on which invention and discovery depend ; 
and wc are of opinion that, among the uses to which su^h 
a fund could be most advantageously applied, the esta- 
blishment of such a Museum of Scientific Apparatus as 
that which wc contecpplate would rank among the most 
important ; and we ane convinced that such a Museum 
would have a niaterial influence upon the spread of 
scientific instruction throughout the country, and would 
therefore largely foster invention and discovery. 

9 S- We accordingly recommend the formation of a 
conation of physical and mechanical instruments ; and 
we submit fbr eansideratioa whether it may not be expe- 
dient that this collection, the collection of the Patent 
Mttsbiua^ an 4 of the $cientific and Educational Depart- 
ment #ihe South Kensington Muaeun, should be united 
and placed under the authority of a Minister of State. 

^ Whether this union be sheeted or not, we are of 
o^ion that It U de^rable that the scientific collections 
nmy blaoed at South Kensington should be subjected to 
i tWmdi levlaion, with a view to restricting them to such 
are of national intefest or utility, 


REPTIUAN ORDERS, 

Catalogue of the Chehnians^ Rhynchocepkalians^ and 
Crocodiles in the Brtiish Museum {Natural fiisiory). 
By G. A. Boulcnger. New Edition. Pp. 311, Illus- 
trated. (London : Published by the Trustees of the 
Museum, 1889.) 


T he handsome volume before us deals, as its name 
implies, with all known existing forms of the three 
Reptilian orders of the Chelonians, Rhynchocephalians, 
and Crocodiiians ; but since the second group is repre- 
sented only by a single species, while the number 
of Crocodiiians comprises little more than a score of 
forms, the great bulk of the book is devoted to the 
Chelonians, and it will, therefore, mainly be this group to 
which our remarks will apply. 

Previously to the appearance of this volume, the last 
systematic Catalogue of Crocodiiians and Rhyncho- 
cephaJians ” issued by the Museum was the quarto volume 
by the late Dr. Gray,^ published in 1872 ; the next year 
having seen the publication of the revised list of 
Chelonians by the same author.^ Without in any way 
wishing to disparage the labours of the late Keeper of the 
Zoological Department, to whose untiring energy the 
British Museum is so greatly indebted for its magnificent 
scries of Reptiles, it is at once manifest that the present 
work is enormously in advance of any hitherto published, 
this advance being especially noticeable in the case of 
the Chelonians. Although in that order Dr. Gray figui^d 
a large number of skulls, yet the distinctive features 
afforded by this part of the skeleton were not accurately 
gauged from a taxonomic point of view, while the cha- 
racters of the bony carapace, so far as they relate to the 
connections of the component bones with one another, 
were practically ignored. In this respect Mr. Boulenger 
has conferred a great boon, not only on the students of 
the Chelonia of the present day, but still more especially 
on those engaged in the studv of fossil forms, who 
generally have to deal only with the more or less imper- 
fect carapace and plastron. In almost every genus the 
author has caused at least one specimen to be stripped of 
its epidermal horny shields, so as to exhibit not only the 
impressions formed by the borders of these shields, but 
also the form and relations of the underlying bones which 
constitute the solid shell. And he has found that generic 
characters can be to a very large extent based on tfie 
structure of the skull, taken together with the form and 
relations of the bones of the shell ; the contour of the 
neural bones of the carapace, and the relations of the 
suture between the humeral and pectoral shields of 
the plastron to the entoplastral bone being of especial 
importance. No less than seventy-three admirably-exe- 
cuted woodcuts serve to illustrate these osteological 
featuits, on which the taxonomy is so largely based ; and 
by their aid the palaeontologist may hope to clear up to 
some extent the affinities of the host of fossil Chelonians 
at present described under the vague terms of Emys and 
Ckmtnys, 

The author proposes to divide the Reptiles treated of 


> '* CauUogac of Shttld-KeptiVia. Part ». Emydowittriati#, tthyncho- 
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In thift volume into the following groups of higher than 
generic mnk, v'u. 

Ortler Rbynchocephalia. 

Fam* Hattcriidx. 

Onlrr Cheloria. 

Suh^order I. AtheC-^. 

Fnm, I. Sphargiih'E. 

Sub-order Jl. TheocoI'Uqra. 

S U per - fam , A . Crypto, ih a. 

Fom. 2. Chelydridre. 

3. l>crmateniydida:. 

4. Cirto^iernidie. 

5. Vlatysieiniclrt;. 

6. Te«iii(Iinida!. 

7. Cholonidcc. 

SiTper-fam. Ti. PUMvoiTiia, 

I'ain. S. Felomedusidae. 

9. Chtl>'did;v 

JO. Carcit )cliely<Uda:. 

Super- fa m* C. TrimyckouUa^ 

Fani. I J. Tdonychida?. 

Order Etnydosauria. 

Fam. Crocodiliiliv. 

There are a few points in regard to the nomenclature of 
’r«ne of these groups where the author’s views arc at 
teast open to question. This is especially the case with 
regard to the selection of the name Emydosauria to 
replace the almost universally accepted Crocodilia. The 
xeasoa for the selection of this term appears to be, that 
it is the earliest. In common, however, with a large 
miinber of Englisli zoologists, wc {while deprecating 
the needless introduction of new ordinal names) hold 
thatf although the enforcement of the rule of priority 
is, unfortunately, in most cases, obligatory as regards 
fenerJe and specific names in order to avoid endless 
confusion, yet no such rule is necessary in res-pect to 
higher groups, where the name that has come to be gener- 
ally used ought to be maintained. Then, again, the un- 
grammatically formed name A the etc, for which Prof. E. 
D. Cope is responsible, should clearly have been amended 
to Athccflta ; while, since the name Thccophora— or, more 
correctly, Thecaphora— clashes with the same term em- 
ployed for a group of Hydroid Zoophytes, we think the 
author would have been better advised had he followed 
his Dwm article on Tortoises in the latest edition of the 
‘♦Encyclopasdia Britannica,” and employed the term 
Testudinata in this sense. Finally, since the generic 
names Haihria and Sphargis are rejected in place of 
the earlier Sphenod^n and Vermocheip (which, by the 
way, should clearly be amended to Dermaiochtlys), we 
cannot follow the author in retaining the names Haitenida 
and Sphargid^ for the families respectively represented 
by these two genera If a family name means anything 
atall, it means a group of animals more or less nearly 
allied to a certain genus selected as the type, and it is 
therefore clearly illogical to call the SpAmod^nAikt 
reptiles liatirriida when no such genus as Hathria 
exists. Further, to show the absurdity to which this ad- 
herence to the rule of priority, in place of that of com- 
mon‘'Sei|}se, in the case of family names rnight lead us, 
we hdve only to suppose that the nanoe in place 

of being rejected as later than Sphenodmyb^t been re* 


jected on account of being preoccupied by another form 
belonging to, but not the type of, a distinct family, la 
such case, we should have the family name HaUeriidnt 
for a group of animals which did not indude the genus 
Hatter in! On these grounds we hold that the names 
SpheniKimtidct and Dermaforhelydidat should certainly 
replace Hatteriida and Spharpdtf. 

In regard to the Rbynchocephalia, the author considers 
that its one existing representative indicates an extrenvety 
generalized t>'pc of reptile, of which the relations appear 
to be at least as close to the Chelonia as to the Laccr- 
tilia. In this respect, Mr. Boulenger departs very widely 
from the views of Prof. Huxley ; and although we think 
be is undoubtedly justified in maintaining the Rhynebo- 
cephalia as a distinct order, yet wt cannot overlook the 
circumstance that the Homa^osaurian lizards of the Litho- 
graphic stone, which appear to be Rhynchoccphalians, 
are most probably closely related to the ancestors of the 
Lacertilia. 

The whole of the existing Crocodilians are included in a 
single family — against the three families adopted by Dr. 
Gray. The true Crocodiles are divided into and 

Osfea/irmttXy according to the absence or presence of a 
forward prolong.ition of the nasals to divide the anterior 
nares ; while among the Alligators a similar feature 
serves to distinguish j 4 Uigatar and Caiman. The Croco- 
dilus p&ndicerianu^ of Gray is considered to be based 
upon a young specimen of C. pnrosus. The Gharial skull 
mentioned on p. 276 as having been obtained at Poonah 
would appear to be incorrectly labelled, as this reptile is 
unknown sn Bombay. 

Taking a brief general survey of the Chelonia, we 
think the author is fully justified in adopting Prof. Cope’s 
division of the order into the two primary groups of 
Athecje and Thecophora ; the great difference in tlie 
structure of the skull, as exemplified by the absence of 
descending parietal plates in the former, being a charac- 
ter which is of itself apparently sufficient to uphold this 
division. We are aware, indeed, that Dr. G. Baur, of 
Newhaven, Conn., holds a precisely opposite view, and, 
in place of regarding the Atheae as the most generalteed 
type of existing Chelonians, looks upon diem as an 
tremely specialized branch derived from the Cryptodiran 
Chehnidte. There are, indeed, certain superficial, and 
probably adaptive, resemblances between these two types 
of marine turtles, but the fundamental differences arc so 
great as apparently to render Dr. Baur’s views untenable. 
And we should much like to ask that authorityiin^ he 
would explain the appearance of transverse proceeses to 
the dorsal vertebra of one of the extinct Athecac Ofi'his 
Own hypothesis of their phylogeny. 

The three “ super-families ” Into which the Theot^ora 
are divided are, to a great extent, diatlngukhed by * 
mode of flexure of the neck, by cranial chatactm^ md 
by the relations of the pelvis to the shell. Certolh vpry 
peculiar features in relation to the mandibular 
tion, the tympanic ring, and the arrangement of 
of the palate serve to distingaish the exisring drypepdlra 
of the southern, from the Pleurodita of the nMlfeira 
sphere ; but we have constderabte doubu whether 
character# will be fetmd to obtain in the Mesocdie 
sentativesof the group, and ivhetHer they ore not 
acquired than archaic featureSp We sbotild/iaidM^; 
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hiiv 9 to hivt an e^cpression of the author*^ 

viewft aa to the mattial relations from a phylogenetic 
point of view of the three groups of the Thecophora ; 
becau^f if the separate nasals and parieto-squamosal 
arch of some of the Pleurodira be indicative of their 
more primitive organization, it wouM be pretty clear that 
the peculiar specialized character of the mandibular 
articulation can only be diagnostic of the later forms. 

The Trionychoidea, or soft Tortoises, appear to show 
ai!initie$ to the Pleurodira in the structure of the palate ; 
and here again we miss an expression of opinion as to 
the nature of this relationship. The peculiar chevron- 
shaped entoplastron, which is regarded as an important 
diagnostic feature of the group, was, we believe, first 
brought prominently to notice by Dr. Baur. 

In regard to the families of the Cryptodira, the 
author follows Dr. Gray In regarding Staurotypus as 
nearly related to the Chdydrida^ but places it in a 
distinct family, of which DtrmaUmys^ placed by Dr. 
Gray next the Batagurs, is taken as the type. Cino- 
M^rnum^ likewise placed by Dr. Gray in the Chelydridet^ 
is regarded as the type of another family, readily cha- 
racterized by the absence of the cn top] astral bone ; 
while the Flaiystermdtje is likewise a family of which but 
one genus is known. The widest departure from the 
arrangement of Dr Gray is, however, found in the case 
of the Tistudinidi^y which is a very extensive family, 
embracing the Emydidtt of other writers, and no less 
than four other families of Dr. Gray's Hand- List/' The 
transition from one genus to another is, however, so 
gradual, as apparently to afford full justification for the 
new departure. Twenty genera of this family are 
recognized, all of which can be defined by cha- 
racters of the skull and shell We would especially 
note the disappearance of the well-known Fmgshurn of 
India in the genus Kachuga; and would also remark 
that, after its complex synonymy, the common European 
Pond Tortoise is finally to be known as Emys orbicularis. 
The genus T^studa fs the largest in the whole order, 
comprising no less than forty-one species. Here it has 
been found that the division of the pygal, or supra-;:audftl, 
shield is a character commonly occurring in the typical 
Tesiudo gra^ctiy and consequently Testudd emySy which, 
on this account was made the type of the genus Mmunuy 
and has attained an unfortunate notoriety owing to the 
controversy regarding Scapia^ is included in the , type 
gentrSi The ChMlonidc^y or Turtles, arc divided into the 
genera Chd&ne and Thalassochdysy each of which is 
represented by two species. And here we may notice 
the wise diseretipn of the author in refusing to recognise 
a host of fixated species based on features which may 
well >e wfarded as merely indicative of varieties. The 
memben of this family, it may be remarked, are the only 
existing Thecophorx in which the temporal fossae are 
c<Mii##telyieoo^ over by bone ; and since a more or less 
compl^ appsoalmation to this feature occurs in many 
Metope tyfWB, thia bony roof may perhaps be regarded 
as in^«thr« of direct a^lty with Some of Uiese early 
typ«»/ U Pleurodita thb first two femUies are div 

tihgntitwd one another by the presence or absence 

of a bone^ as well as by wcH-marhed cranial 

featutt^ wlilDof ^ third ihmily> represented only by the 
at New Guinea, has no epidermal 


shields on the shell This remarkable form, it may be 
observed, is one of the few desiderata in the collection of 
the Museum. 

In the Trionychoidea, all of which are included in the 
family Triortyc/tida, the author has, we believe for the 
first lime, pointed out characters by which the skull of 
the typical forms, iu which the hyoplaslral remains dis- 
tinct from the hypoplastral, can be readily distinguished 
from that of the group typically represented by Emyda, 
and characterized by the fusion of the above-mentioned 
bones. In the diagnosis of the genera Trlonyx^ Pehckelys, 
and CMm on p. 241, we meet with the following sentence, 
viz. “ outer extremities of the nuchal bone overlying the 
second dorsal nb.’’ This sentence, when contrasted with 
the corresponding diagnosis of the three following genera, 
strikes us as liable to lead to confusion ; and the sentence 
would be better if it read outer extremities of the nuchal 
bone overlying the rib supporting the first costal bone.'' 
It appears, indeed, that the first dorsal rib of Chelonians 
is aborted, and carries no costal bone, or plate, so that 
the first costal bone is supported by what is really the 
second rib. We may perhaps be pardoned for pointing 
out that the term ** straight angle,” mentioned in the fifth 
line from the bottom of p. 251 does not, at first sight, 
suggest the idea of a right angle,” for which, we presume, 
it is meant. 

Scarcely any systematic work can nowadays escape 
criticism, but in our judgment the system adopted in 
the present volume appears to be one which in the 
main ought to meet with very general acceptation,, and 
we heartily congratulate the author on the completion 
of a very laborious task in a manner which deserves 
the thanks of the students both of recent and fossil 
Chelonians. K. L. 


THE HISTORY OF ANCIENT C/VIUZATION 

The History of Aricient CiviUiiaHon. By the Rev. J, 
Verschoyle, M.A. (London : Chapman and Hall, 
1889) 

T he title of this book is somewhat misleading. One 
is led to expect from it a history of the growth cf 
civilization from its earliest stages to its various develop- 
ments among diiTercnt nations or races, and of the relation 
of one form to another. But instead of this we have an 
account of the characteristic civilization of certain selected 
nations when at their best, with very little to indicate any 
relation between them. The nations whose civilization 
is described arc the Egyptians, the Babylonians, and 
Assyrians ; the Jews, Phoanicians, Aryans, and Persians ; 
the Greeks and the Romans. The two latter are treated 
very fully, occupying about three-fifths of the whole. 
There can be no question that the information con* 
veyed would be very useful to a student of ancient 
civilization, but he would immediately ask for more. 
If he had- any intention of studying the question from 
a iicreatific point of view, he would not be content with 
isolated facts, but ask for the connection between them. 
Indeed,, one of the most conspicuous features of the book 
is the complete absence of any scientific method; its 
merits must be appreciated entirely from the literary 
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'Stitndpointf especially in connection with the history and 
literature of Greece and Rome. 

In any scientific history of civilization^ the first stages, 
in which from rough stone implements men passed to 
the arts of drawing, sculpture, and the manufacture of 
pottery, and so to the invention of bronze and the erec- 
tion of megalithic buildings, are surely of too much 
interest to be dismissed in a sentence or two, with an 
illustration of a “flint spearhead” of very peculiar ap- 
pearance. To what races these men might belong we 
do not learn from our author, who, after observing that 
“ tnodem science has also directed its attention to the sub- 
ject of races and anthropology, and has issued in studies 
which have not, however, yet resulted in a decisive con- 
clusion," dismisses all other races in eighteen lines, and 
springs on us the “ white race/’ “ whose first habitation 
was the highlands of Asia.*’ “ It was there that, after 
the deluge chronicled in the legends of all Eastern nations, 
mankind dispersed, and formed the three chief branches 
of the while race—- the families of Ham, Shem, and 
Japhet.*’ Thus we learn nothing about the remarkable 
and early civilization of the Chinese, on the ground that 
“ the information respecting it is not sufticieni." We are 
not, therefore, surprised that the author dismisses America 
with the single sentence, “ In America, the copper or red 
race has continually receded before the Europeans, and 
cannot be counted amongst the civilized races." He ap- 
parently thinks there has never been but one race in 
America, and forgets the ancient civilization of the Aztecs, 
and that of the race which they themselves succeeded ; and 
we cannot therefore hope that he will throw any light on 
the home of that remarkable people who carved the 
idols of Easter Island, or erected the megaliths of Tonga. 

In the chapter on Egypt there is much interesting 
though somewhat disconnected information ; but those 
who think that the arts and sciences are amongst the 
most important parts of civilization, will perhaps scarcely 
be satisfied with the statement that “ the scientific theory, 
which would consider the- pyramid a kind of observatory, 
is quite unfounded " 

The materials for the description of the civilization of 
the cities of Mesopotamia are so rich that the chapter 
which deals with it cannot fail to be interesting ^ it is 
only to be desired that the relations of the Accadtans, 
Babylonians, and Assyrians, and their several conditions, 
had been made more clear, and the great length of time, 
as in the case of the Egyptians, over which the same type 
of civilization continued, pointed out. Indeed, one of 
the remarkable features of ancient civilization, which has 
an important bearing on the antiquity of man, is its slow 
progress. 

tbe account of Eastern civilization, or that of the 
Aryans and Hindus, is very defective. Indeed, we have 
little more than a short account of the tenets of Brah- 
manism and Buddhism, and no mention of their art, 
though many of the Hindu stupas and topes date back 
before the Christian era. There is some fair description 
of Persian and Phoenician civilization, but there is nothing , 
about the Phrygians. The rock tombs of Asia Minor 
am unnoticed, and Troy ia only mentioned in relation to 
the Gncfiks, 

In contradistinction to this, the treatment of Grecian and 
Bwman history is superabundantly full, as one sentence 


will show. The ' epiihalamiutn ' of Mallius is prqbably 
his best work, always excepting bis charming lyrics to 
Lesbia." If a notice of so little known a poet forms part 
of the history of ancient civilization, it is difificult to see 
why the omissions above enumerated should occur. 

In a word, the whole subject is unequally treated; 
there is a bias towards classical learning, which, in spite 
of the useful information given, prevents the book frewn 
being in any sense a scientific history. 


OUn BOOK SHELF. 

Board School LarytigUis. By Greville Macdonald, M.D. 

Lond., Physician to the Throat Hospital, Goldeh Square. 

Pp. 31. (London : A. P. Watt* 1889.) 

Numerdus as are the evils to which the Board School 
system is alleged to have given rise, we have before us 
yet another indictment to add to the list. This time, 
however, it is the teachers, and not the scholars, who compel 
our interest. Dr. Macdonald claims to have identified 
certain changes in the vocal apparatus of Board School 
teachers, of both sexes, of so definite a character as to 
enable him to state with certainty from the appearance of 
the throat that the patient belongs to that long-sufiering 
class. 

A varicose condition of the superficial vessels of the 
vocal cords and a nodular hypertrophy of the free margins 
are the conditions to which he calls special attention. Of 
the latter condition he notes that it may occur without 
obvious inflammatory surroundings, and quotes Stoerk*s 
reference to it under the name ot “singers' nodules.” 
He does not, however, mention the Viennese laryngo- 
logist’s explanation of them, which, in the present con- 
nection, is interesting. Stoerk claimed that these nodules 
were the direct result of an improper use of the voice, 
whereby a part only of the vocal cords was set in vibra- 
tion. The nodules made their appearance at the spot 
intervening between the vibraUng and the motionless 
parts of the cords, usually the junction of the anterior 
third with the posterior two-thirds. 

Board School teachers, uninstructed for the most part 
as to the use of the voice, depressed by the close 
often foul atmosphere of a crowded schoolroom, chol^ 
with the chalk from their blackboards, and often com- 
pelled to scream to make themselves heard above the din 
of an unruly class, are beset with every condition which 
predisposes to inflammation and over-straining of their 
vocal apparatus. 

Dr. Macdonald suggests remedies for such a state of 
things, for the consideration of the ruling powers, and 
intimates that local treatment alone is 0? any avail in 
dealing with the changes to which he calls special atten- 
tion. The varicose vessels he would destroy with t|^ 
galvano cautery, and the nodules with the forceps. The 
monograph is written in a fluent and readable style, and 
treats of a subject which deserves the serious atleutfon 
both of lay and professional readers. Possibly the intenfrit 
of the latter class would have been more keenly aroused 
had the author appended a little more information as to 
the extent of his experience. He tells us the Board 
School teachers consult him in increasing numbers* and 
mat his success in treatment has been remarkable, but he 
docs not quote cases, or offer any statistical record 
by which his professional brethren may compare hla 
experiences with their own in the same line of practice. 

The pathological condition* to which he would affix 
such an attractive title are not by any means unknowh 
as a consequence of chronic laryngitis in other walks 

more than mere assertion must toe 
offered before thw can be generally accepted a* the 
peculiar product of the Jfloard School system, , ' 
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A JViwUiVrf m EUmeniary Aigibm and Algebraical 

Art^as* By Saradaranjan l^y, M<A. Two Vols. 

(Ciueuita : S. K. Lahiri and Co., tS88.) 

THtt work under review is aJso Part II, of Course 
of Elementary Mathematics.” Vol. I. comprises those 
portions of elementary algebra usually to be found in 
modem textbooks up to Uie chapter on proportion. 
Vol. I L includes chapters on variation, theory of ec^ua^ 
tions, elimination, binomial theorem, and properties of 
lojprithmi, as well as many others ; but those mentioned 
wttl suffice to show the general scope. The author gives 
the object he has had in view ; To create in beginners 
a taste for algebra, and to show them the utility and 
application of algebraical anihces.” In achieving this 
desire be has met with some degree of success. The 
.anguage employed is simple and clear. The proofs in 
many instances are interesting. We question the advisa- 
bility of placing the binomial theorem and properties of 
logarithms at the conclusion of a work which contains 
biquadratic equations. At least an elementary chapter 
upon the former subject should precede the theory of 
equations, while a discussion of Ir^ritbms would be of 
great use in its development. 

We notice one very important omission : the multi- 
nomial theorem finds no place in these volumes. This 
is much to be regretted, for the chapter on permutation 
could have introduced it in an elegant and suggestive 
manner. Again, we notice that the subject of aeries is 
scarcely touched upon. One would hope in a Work 
of this scope to find a short chapter which would in- 
clude reversion of aeries. However, there are many ex- 
cellent features in the book. Chapters on Consistency 
and Sufficiency,” and on “ Identities and Equalities,” are 
novel and gratifying. The pages concerning arith- 
metical and geometrical progressions are original and 
inspiring ; for example, the student is taught the mean- 
ing of the sum of n terms of a progression when n is 
negative, and is shown that both arithmetical and geo* 
metrical progressions possess the common property that 
two auccesisive terms are connected by a linear relation ; 
from this point of view the series are then further 
examined. 

There are many examples, as a rule well selected, with 
occasional hints to show the learner that a little ingenuity 
will often overcome particular difficulties. There are a 
few occurrences of faulty printing, and some misprints 
which do not appear in the errata. 

The students of our Eastern dependency are in pos- 
aession of a book by one of their own countrymen who 
is a thorough master of his subject. 


LETTERS TO THE EDITOR. 

Edit^ does net h$ld kimulf rteponsihU /er apimtmi «r- 
fy bis correspendtsUs , HHther mn he undtriak^ 
io c<nrespond mtb Ike tvriigrs ef. rtjHied 
mmuseripis intended for this or any other part of KatURB. 
No notUs is taken of oHos^mom eommmieations.] 

The SalUng Plight of the Albatross, 

In NatUxB, voL xxxix. p. 130, the late Mr. William Froude,' 
in a letter to Sir WiUUm Thomson, on the subject of ihe 
^'Soaring of Birds,” gives a shott account of the well-known 
M often diecuued stilus Bight of the albatross ; and 
that after long consideratton the only explaaatixm which pre- 
sented Itself' to his mind was, that Che birds use the upward 
current eaused by the lifting of the air from the bottom of the 
treu|h to the Wvel of the crest of an advancing wave. Mr. 
rmpdd e rough calcuUtijon-^the waves b«lng supposed 10 
M frohi hallow to erest-^concludes thal an Upwoid cutrent of 
3 seoend ftiay be caused in this matmer, and plates that 

thU Wm'e htbvenients were often, in accordance with this 

ftf W often iwpussilde to aftimi or deny the 


Having had many opportunities of observing the flight of the 
albatross, X cannot think this explanation the tme one. I have 
often seen albatrosses sailing when the sea appeared as flat al a 
table, with the exception of the stnall a eves causra by a light udud. 
This seems fatal to Mr. Fronde’s explanation, which requires 
waves of considerable size. As Mr. Froude observed, the bfrdx 
often sail along the crests of waves. It seemed to me that they- 
were sometimes using the current diverted upwards by the wave, 
jttst as on land birds use that diverted by hedges, river- terraces, Ac. 

X will first give a description of the flight of these birds, as 1 
observed it when on board steamers running between Australia 
and New Zealand, which are nearly always followed by numbers 
of birds ; and then attempt an expumation. The sailing flight is 
never to my knowledge done in a calm. 1 onw observed the 
effect of a gradually dlrntniahing wind on their flight. The 
hteamer was going about nine knots. When the whid, which 
was very nearly au, became one or two knots slower than the 
steamer, the birds, which had hitherto kept their wings perfectly 
steady, began to flap at intervals which became sh^ter os the 
wind lessened, and when it ceased they flapped almost without 
intermission, and soon ceased to follow the vessel. 

The birds go through a series of movements which are rriated 
to the direction of the wind. Starting from near the surface, 
they rise in a slanting direction against the wind, to a height 
which varies with the strength and direction of the wind. The 
average seemed to me about so feet. Then comes immediately 
a turn half round in a rather large circle, followed at once by a 
rapid descent down the wind. They then take a longer or 
shorter flight in various directions, almost touching the water. 
After that another ascent in the i>ame manner, and so on, 
repeating the series of movements ad Ubitutn. The mteryal of 
time between the ascents evidently depends on the direction of 
the wind with regard to the course of the vessel. When the 
wind is ahead, and the birds’ velocity through the. air great, 
being necessarily greater than the wind’s velocity plus that of 
the steamer, the interval is short. When the wind is abaft the 
beam, and the birds* velocity much less, the interval is usually 
much longer. As a general rule, there u a rough proportion as 
to the favourableness of the wind and the length of time between 
successive ascents. Also, when the wind is favourable and not 
strong they do not rise so high as in a strong and adverse wind. 

The explanation I have to give of the movements above 
described depends u^^on the well-known fact that the velocity 
of the wind at the surface is diminished by friction, so that its 
velocity increases with the height, (he rode of increase being 
greatest near the surface. Prof. Osborne Reynolds found by 
experiment that the wind’s velocity over a grass meadow at a 
height of 8 feet was double that at i foot.^ Over the sea, when 
there is enough wind to roughen the surface, the drag on the 
lowest stratum is probably greater than over a grass meadow, 
on account of the motion communicated to the water. This eflect 
of friction makes clear the object of the ascents against, and the 
descents with, the wind. For, as a bird rises, he enters currents 
of wind which increase in velocity with the height, in adiiection 
contrary to his own motion, so that the loss of velocity conse- 
quent on rising, and which would take place in still air, is partly 
— or perhaps, when the wind is strong, wholly-— made good. The 
bird thus gains energy of position, which is converted into 
ener^ of motion by descending. A bird's ascent against the 
wintTmay be compared with the ascent of a particle up an 
incline, while the incline itself is accelerated in a horizontal 
direction opposite to that of the panicle’s motion, thereby 
enabling it to reach a height greater than that due to the initial 
velocity. The albatross does not go on rising until his velocity 
is nearly exhausted, bnt makes a half-turn at great speed pre- 
vious to hU descent. Thus the quickness of the ascent, with, 
os Mr. Froude iays, scarcely if any apparent loss of speed, is 
explained. By making a slanting descent with the wind, the 
bird carries wltji him the velocity of the faster-moving wind of 
the high level Into the slower-moving wind near the surface ; 
and thus Increases his velocity through the air, to which is to be 
added that due to his fall. Thus, if resistance is left out of 
account, the bird's velocity since he began lo ascend would have 
been increased by twico the diflerence in the velocity of the wind 
near the surface^ ao4 at the height to which he rises. And as 
the power Of overcoming resistance varies as the square of the 
velomty, the addition of several fret per second to thp bird’s 
already higb velhoUy i« equivalent to much more energy than 
is lost in the frw seconds Occupied by the rise, turn, and fall ; 

* “On the Benracdon of flimiHl by the Atmosphere/' by Prof. Ofborae 
ReywoUts- Head before the Royal Semty. Apiil ^3. iltye. 
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. flO U a clear gain> wbicH may be expended in flight 

uatUithtsu^ ia so mutch reduced that u is necessary to increase 
U by attotW ascent. 

Thn r«wn is clear why, when fallowing a steamer against the 
wind^ the birds ane con}i>e)led to repeat at short intervals the 
movements by which speed through the air is gained, and why, 
when the wind is ravourable, the intervals are longer. The 
greni h ogth of these intervals just mentioned seems to me the 
point in ilm theory. It cannot be proved that the speed 
aco aired by the movements described is suificient for such Jong 
flMts between the ascents as are sometimes seen, uuder conditions 
where t')ere is no suspicion of upward currents near the surface. 
Our knowle^e of the resistance of the air to such complex 
sur^ces as the wings of birds is, I believe, almost nothing ; and 
even if we knew, without doubt, the true explanation of the 
manner in which the energy lost by resistance is renewed, we 
m^ht find it bard to apply it to all cases, unless we had some 
rom knowledge of the supporting power of the air, and the 
horizontal resistance at different velocities. 

1 have sometimes seen a number of albatrosses sailing in a 
peculiar manner, the vi ind being at right angles to the course of 
the steamer. Tliey ascend against and descend with the wind, 
turning alternately right and left, so as to describe an undulating 
line, not far behind the stern. A number of them sometimes 
do this for hours, while others are sailing in various directions 
foxtber off. It is curious that the common sea-gulls of New 
Zotland {Laras fiomiaicaftus)t which have become to a great 
extent la^-birds since the country was colonized, may be 
sometimes seen makiog their way over flat country in (he same 
manner os the albatrosses just described — that i«, at right angles 
to the wind# and turning alternately right and left, and nearly 
tauchitig the ground at each descent. Their success in doing 
thfi saili^ is, however, imperfect, as they seem compelled 
to flap their wings a few times during the second half of each 
aoceiit. Perhaps future generations of gulls may improve. No 
dmiibt some muse ul or exertion is saved by this mode of progres- 
ikm. The foregoing theory of the sailing flight of the albatross 
shows, I thifik, tite action of a vem causae which, as far as 1 
know# has, not been noticed before. A. C. Baines. 

CMichttrch^ New Zealand, 


Note on lia^ida irisia. 

Mu. W. I-. Distant, tn his admirable Rhopalocera 
MatayaTm,*' calls attention to the recent appearance of /^a^adia 
erisia in the Malay peninsula. As I have had opportunities of 
fftttdving the habits of the species in what seems to be one of its 
hetcbquorters, it may be desirable to record the factB. 

Mr. Distant writes m follows One of the most peculiar 
facts In relaiioh to thw butterfly seems to be Us almost recent 
apisearanee in the Malay peninsula, or at all events its first 
eanture there by crilJector«. I did not meet with it myself when 
ooUeeringat Province Wellesley, nor did I subsequently receive 
it in numerous collections derived from the peninsula. In 1883, 
however, the species seems to have been common from Penang 
fo Singapore. I fir^t received two specimens captured on 
Feimng II H), and sent to me as a new spicics ; others shortly 
followed from Provtuce Wellesley, with the reisark of an ex* 
perienced collector that the species was quite new to the locaitty ; 
and almost siiwulmneously the Indian mail brought me more 
examples from Sungei Ujong, Malacca, and i^in^pore. My 
friend Mr. Logat^ sent me an example with the conrment, 

* a very rare butterfly not known to collectors here,’ 

‘^Capt, (iodfrev, who also captured the species at Songei 
Ujottg, described It as being foimd in low undergrowth In the 
fomti where, esjiedally in the early morning, 1 flevevai times 
met wkh it. Its flight is weak and feeble, but it cleverly 
ehsdes pursuit by threading its way through tangled brushwood 
(•’‘Hhop. Mai.,” p. 421). 

Mt. \V. B. Ifryer, inh^ joini paper with Mr. Distant (**Rhop. 
Morihem Borneo," Adit Mist,, January 1S87. 

0,49), describes ft as “rare* under almost thick forest shade." 
In ten yi ars* coHeot lng in Koirtn Borneo he has only met with a 
few specimens, not more than a doeen, nearly all of whi^ he 
taw at Silam, on the coast of the district 1 write about, 

I find it to be the very cooHnoaeat butterfly in the dense fomst 
i»C the centre of DorveJ Bay Peomsttla, on the east cowt of 
Biitiih Korih Bomro. 

1 fleet saw ihe insect in the deep forest between Lamog bn the 
River Kinabaiangan and Itok Bata on the River Segama# aboat 


too miles inland. It was not common, but I al^yaaow pne or 
two daily. Since then Mr. Ptyer has taken k the 

River Rinabatangan, some aso miles up stream. The ha^rffy 
is still quite rare on the coast, the only specimens baVH^ faliaa 
to Mr. Pryer’a net. ^ 

l^asiyear I made an exploration ihroogn the forest from the 
River Tinkyo in Darvcl Bay to the head-waters of the JUver 
Segnma. Within four miles of (he coast, in the alluvial not erf 
the River Tinkyo, the species was seen daily, but wa« fisr 
common. As soon as we touched the mountala country it be||an< 
to grow common, and from 600 feel to 3500 feet above sea-levek 
it was the commonest butterfly in the deep forest. 

Capt. Godfrey's description of its habits agrees with mine# 
except in one particular. He found it most plentiful in early 
morning. I was always in the jungle from soon after dawn to* 
near du-sk, and found ii appeared about 9 oVtock in the momitlg, 
and was on the wing til) about 4 o'clock in the afternoon. 

It has the feeblest (and wickedest} flight of any butterfly 
known to me. I never saw it rise six feet above the ground, 
and it flai>s slowly along, apparently with eff ort, its wings not 
stiff but bending with each stroke. It ioo^s a certain capture ; 
hut this, as Capt. Godfrey found, is dcUisivc nnd elusive. It 
keeps just above the low bushes from two to three fret high, ami 
sneaks in among them most exa^peratingfy. It seems to do this 
deliberately, and will rather circuit round an opening made by a 
fallen tree than cross the small opening. It is often seen flying 
in rain. 

As a role it is quite solitary, it being rare to see two at once, 
and it is not at all bold or pugnacious. 

Its wiogs are $0 soft that it often crumples in the wet, and it 
is almost impossible to set it during the rainy season, the wmg&^ 
relaxing in a few hours, though it may have been a week or»< 
the scUing-board. 

From February to October it was equally common. I then 
came out of the forest. It probably flies all the year round. 

It is one of the few true forest species, and avoids the aumhine. 

1 do not know whether the insect is common elsewhere, and 
can offer no suggestion as to why it should be spreading from 
this part, though it is undoubtedly creeping coastwards. The 
eastern part of North Borneo U untouched primaeval forest, the 
only clearings being on the coast and river- banks, and these ore 
small. The country where Hagadia abounds is quite uninhabited,, 
and it U difficult to see bow the food-plant (unknown) could 
have been taken thence to the Straits Settlements. Then loo, 
in Borneo at any rate, tt would avoid clearings. 

Leaving this question for future observers to solve, we now 
know that in one part of the interior of North Borneo Rtgmiue 
crisis is very common, and it is extending its area. 

Sydney B. ]. SkeetcMlt. 




Prof. Aldjs will find refrrenoes to the history ofthls oorieot 
Question in an article by Mr. W. Walton in the Qmrt^fy 
Journal of Mathematics^ vol. ix. p. 79, where it appears as 
Leslie Eilis's problem of the thirsty crow. **A thirsty «row 
flew to a pitcher and found there was water in it, but so tteai 
the bottom he could not reach it. Seeiuff# however, plenty oJ 
small, equal spherical pebbles near the place* he cast &tm oms 
by, one into the pitcher* and thus by degrees raised the water up 
to the very brim and satisfied his thirst. Prove thftu the volume 
of water must have been to that of the pitcher in a ratio not less 
than 3 SV*-'* Reference* are euppUed in the article ly 

the Rev, Dr. Luard to Fliny'* ** Natural History,” book a, 
chapter 43, “De Corvoium InteUigewii" ; rimarch* “ 1 >€ 
, Solenifi AnimaUum ; and A^lian, ^ De Nalurft Anlmalium *' 
CoMuli >Ito Twt'i •• PrapertiM a? tllmetj' 

'ilia, in on aegreffttkiA of «|aiel*:p«^#d e«wl ipiiemlM tke 
unoccupied optcc If i - of «b« Mhole wriutan. 

We inay fcrUy tbif expcrim«ii(«lly by eouNmiM Ihi imiriii 
or a given volume of fmall lead ihot «iib tb« weial^ oTw 
«<)ual volume of iced ■. tbeoretically the deafifitt ehoeU ^ 

On a larger scale, the question may be ctudfed la the M 
snhencal riiot IbrmeHv to be seen id oar fwto ostd mS^ 
Whether we begin piling the bltot In borixeuM 
aagalar order, or ih square order, the interaal Wt rihr 

ment of the sph^ is the same ; but tibe Square erdie# iaSii 
h^omal jaycrt is preferred, at it is thea pSsibfe to 
pile oA a rcctar^ular base, finishing off at the top 
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<(f twAt* in'siof^le file, the tlopit^ fac^ alt shawing the spheres 
In onier. 

'^ppoM a bag, Impermeihle to aratef, h filled with leid shot, 
bkeed In an hydraulic prcw, and eubjccied to great prewure. 
The lead spheres will be flattened against each o'.her in regular 
<^ell structure toto a «>lid maw, each sphere being changed into 
a rAflflfjViV ; and in this manner the form of the 

of the bee has been considered as arising in a natural manner 
hy Mrs. Bryant, D,Sc., in a paper read before the London 
Mathematical Society, vol. xvi., ‘' 0 .\ the Ideal Geometrical 
Form of Natural Cell-Stmctore.” The plane Rurfaces of Repara- 
tion aim form a possible arrangement of the films of a mass of 
soflp-lmbbleH ; hut the instability of the timers where six 
edges meet modifies the aoap -bubble arrangement to the form 
investigated by Sir W, Thomson in the Acfa McUhematUa, 

April 27, A. G. GftiiKVHru,. 


Name for Unit of Self-Induction. 

A namf: for the unit c">c‘flfident of self-tnclactton is much 
wanted. No one is satisfied with seoohm, end yet it seems 
snaVing \U way ; by reason, no doubt, of Ayrton ami Perry's 
ingenious commutating arrangement for helping to measure it. 
Tt is an unplwasing name, and it is too big a unit. The name 
■quad, which I formerly suggested, i'son further consideration still 
less satisfactory for permanent use, bccau-e it emphasi^Jes unduly 
the accident that tn tUclro mapiHic measure selfdndaction 
happens to be a length. One 1 n>ks forward to the time when 
all distinction l>etween electrostatic and electro-magnetic measures 
shall vanish by both ceasing to be ; and at that not far-di«tant 
time, names ejipbasiring the present arbitrary state of things 
will be .anachronisms as well ns s:uDbling-blocks to beginncf'. 
I beg to suggest that a milU secohm shall be called a tw. It Is a 
Hhort and harmless unmeaning syllabic not yet appropriated. It 
should be its own pUiral. The unit of conductivity h already 
style;! a mu; and 8 vo will look well alongside 12 mo. ** Vo^ 
meter” is vhort and satisfactory. A unit of magnetic induciicm 
will then be the vn-ampere t and this, being of a size convenient 
for dynamo makers, may be hoped to replace their abominable 
mongrel unit “ Kapp-lincs,” 

The VO in eleciro^magnctic measure is 10 kilometres, and 
hence a vo ampere per square decimetre is a magnetic field of 
a thousand C.G.S. units, and might be called a ** Gauss.” For 
lightning-conductor work the natural unit of self-induction will 
■be a milli’vo, or ro metres of electro-magnetic measure. 

Grasmere, April 16. Ol-iviER J. Lodgk. 

Hertz's Equations, 

Bekmit me to adtl a line of explanation of my letter on this 
■subject, printed in Nature, vjI. xxxix, p. 558, I intended no 
criticism of Hertz's general result, but merely to draw attention 
<0 the neces-ity of rejecting all ioUuions of the equation in n 
which made the forci (Z) infinite for points on the vibrator. 

Berk swell, April 24. H. W. Wat.son. 


A NEW PEST OF FARM CROPS. 

D uring the pa^t three or four years, in the exami- 
nation of plants affected by various injurious 
worms and Arthropods, and of Xht soils in which such 
plants grew, I haye from time to time been led to suspect 
that certain small species of OEgadAafa were concerned 
in damaging, if not ultimately destroyingb MMera! species 
«SfJ autivaM f4ants. With a view to convertii^ sue- 
ihftQ pr^, ei^perimeats on isolated growing pot- 
^«us have been carried on. 

Witbln the past few weeks I have Tecek»ed» ^rengh 
tlifi. kindness bf Miss A. Ormered^ additional evidence 
4 striking dWTiueter^ whidt induces me to place the 
main tos on record. 

j ^ eprh^g Ormerthi forw^ 

two ensall whke li inch Ion?* 

ky kw in seHs frein the ropts of fdants. In 
I enpMed ibat H 4td net seem ^«ry 
^Iniwabhp tkaf eemW sei4onniy fdanti* 


In April 1888, an inquiry reached me as to the natur'^ 
and means of prevention 0/ a serious attack of “small 
white worms” desinictive to pat and green-house pjantst. 
On being placed in communication w ith the observer, th^ 
Rev. William Lockett, Rector of Littledean, I receiveil 
from him a box of soil taken from his affected (iower- 
pots, and much valuable information in answer to nseries 
of questions ptit by me. The soil itself contained some 
hundreds of the white worms described ; and the detailed 
information all pointed to these worms as tlie catise of 
many serious losses which had been sustained. 

The worms were Enchytrfcidae, of the genus 
Enchyireem, apparently near to £. Suckkehiij Vejd. 

I took three plants, a sunflower, a geranium, and n 
tradescantia, and had them re-potted in carefully examined 
sifted earth ; when they were well established, I put fifteen 
of the worms into each pot, and left them to be tended by 
the gardener. 1 kept a number of the worms in soil 
which was alternately wetted and dried at regular 
intervals. They all kept alive and vigorous ; when wet 
to complete immersion they were most active, when 
dried they remained quiescent, apparently dried up, and 
difficult to discover. 

After two months, the sunflower drooped and bent over, 
and examination showed the roots and rootlets dead and 
the stem rotting. Within the decaying stem some of the 
Enchytneidae were found alive and active. The other two 
plants are still Jiving, but it will be shown that the 
number of worms supplied them was too small. Mt. 
Lockett lost spiraeas, vegetable marrows, fuchsias, 
gloxinias, and many other plants, and the dead roots often 
contained in and around tnem many hundreds of worms 
to each plant. Both in his garden and a neighbouring 
ash-heap he found an abundance of them. 

1 was on the point of repeating my experiments this 
spring with various seedlings, when I received by the kind- 
ness of Dr. Gilbert, of Rothamsted (at the suggestion of 
Miss Ormcrod), a quill with two or three specimens of 
worms of the same genus, Mr. John J, Willis, the 
superintendent of the field experiments at Rothamsted, 
in sending them described them as obtained from a field 
of clover “ with a good plant except across one portion of 
the field, where all the plants were dying off,” the small 
worms occurring at the roots of the clover along with 
larvse of Sit ones and wire- worm. “ There is scarcely a 
plant that has not one qr more of these creatures 
attached.” Mr. Willis has been good enough to send me 
several communications on the subject, and a supply .of 
the worms, living and in spirit. Much of his informa- 
tion is interesting, as that the more decayed the root, the 
larger the number of worms ; that even healthy plants 
harbour a few specimens ; that the worms seem some- 
times to enwrap the rootlets with their coiled body. 
He hears of other fields of clover in a similar condition 
apparently to those at Rothamsied. I have a quantity of 
4etaUed information, but to summarize it, there appears 
to be but little room for doubt that these small Olfgoch^ita 
are one cause of the decay of the clover at Rothamsied, 
as they were of the many varieties of garden plants at 
Lhtledean. 

The Enchytra;id»e have not hitherto, so far as I can 
learn, been accused of causing serious injur>^ to ^ants. 
Veidovsky, in his “ Monographic der Enebytrwiden,” says, 
“I>ie Enchytrffilden bewohnen trockcnc uitd feuchte 
Erde, siisses und stlziges Wasser. Sumpfe und morsches 
Holt’* In what manner they directly injure the plant 
remains to observed— ptrobobly by sucking the fine 
root‘haini, Under observation the pharynx is rapidly 
everted and withdrawn in the act of feeding. 1 how so 
far recognued two species. If, as seems not fmip'orbabie, 
further eomohoration should be forth conaing, we may find 
that we have to add to the list of enemies of the clover 
pt^Kit frpiet which it so mysrertottsly tnfXhrs, tbeoe an- 
suspected Oltgischaetea Urn discovery, though fraught 
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lyith SO sfttis^actirm to the already burdened agri- 
culturist, can hardly £ai) to prove of interest to the 
eoologtc^ student ol farm pests. 

Allen Harker. 

Royal Agricultural College^ Cirencester, April lo. 


RAIN CLOUDS ON LAKE TITICACA. 

T he cloud system here, 12,500 feet above sea-level, is 
so beautfml, and seems to throw so much light on 
the formation of one particular type of shower, that I 
venture to send diagrammatic sketches of two excellent 
specimens of cloud-building over rain. 


1 have never seen cueNtuloAmn clouds so perfectly 
developed as on this lake, whether the height above the 
dust and haze of lower levels makes the blue sky darker 
I than usual, or whether the temperature is such that the 
cumulus is composed of snow-flakes instead of water- 
drops, the contrast between the sky and cloud is much 
greater than usual. 

l‘he sketches were taken on a showery day, and the 
clouds were visible simultaneously in diflferent directions. 
The lype of shower is not unknown at home, but there 
much complication arises from the almost Constant 
existence of cyclonic cloud systems. 

Certain features are common to both pictures. Nearest 
the earth, appears a more or less conical-shaped space 



' rw. b]ue«kr J O miu« qI dark doul, rounlad compooftnu ; 







of uniform inky blackness, where rain is falling. Above, 
and stretebing laterally some distance beyond the rain, is 
curiously flattened at the top: but 
^ outlines are always reumui, and there is no trace of 
Imear or hairy structure. In Fig. 2 a mountainous rocky 
cumulus rises above the flat dark mass e ; and as the rain 
falling, I have indicated that appearance in 

the sketch* 

Jn bolilit a white cloud, w, of remartcable shape and 
KcuctuM, nw> above the oark maie c. aometimea, ai in 
cloud i« nearly uaifoftn in atructufetbutexhlbite 
’ a tenaency nnrarde hairy itructtnib at the ' Mgei. Other 
timet, ai in Fig. a, the whim cteud m ihowe traces of 


comtuofonn structure of a very peculiar tvn# .a 

** ’^i’*** *• composed of loi^ 

straight, dag^ masses of cumulu., with a tendrtcvte 

dc^s ^neatkw with pen or^cIL • 

In all ^ses, the tbp of w is more or less flAt tte^ 
whole diff^ otttwardSj sideways or 
than upwards. As the ftower 

The whole diower is wtwmKled by Wue sky» ^;i^^^ 


^3 
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no cirrus at a highar kval rand while the low cloud c 
moves from north^^east, the wh^te cloud w may be coming 
either from north-east or more probably from north-west 
‘ The puszHng nature of cloud perspective makes it very 
ditScuH to hnt^ret the appearance of these clouds. There 
can be littk doubt that the lower cloudsp c, are the product 
of the condensation of rising columns of air ; but while 
the somewhat cumuloform structure of w ought also to 
Indicate an upward motion, the dat top, and outward 
ctidiision, womd suggest a more horizontal motion. 
1 cannot therefore suggest any rational explanation of 
the building of these shower clouds ; and the true nature 
of this phenomenon will only be discovered when the 
theodolite is used to determine whether lies vertically 
or horizontally in the blue sky. 

Ralph Abercromby. 

Lake Titicaca, February aS. 


j 4 FLA T FJSH NUFSEF K 

T>ROF. lilWART submitted the following report at a 
^ recent meeting of the Scotch Fisheiy Board ; — 

1 have to report that I recently discovered in the in- 
shore waters what might best be described as a dat fish 
nursery. This nursery, which is about five miles in length, 
and from two to four miles in width, stretches along an ex- 
posed and only slightly Indented shore, where the sea rises 
during spring tides from sixteen to twenty feet. The 
bottom of this area consists cbiedy of fine sand, covered 
here and there with large patches of the common sea-mat 
(F^us^a) ; the average aepth is about four fathoms, 
when a small beam-trawl (with a net having meshes small 
enough to capture all the fish over two inches in length) 
was carried over the bottom parallel to and at a distance 
of about half a mile from the shore, large numbers of 
small dat fish were invariably secured. On one occasion 
as many as five hundred and sixty of these small fish were 
taken in less than an hour, and at all times the '(take ' 
was large, and usually from 8o to 85 per cent, of the 
small dat fish were under two and a half inches in length. 
Some distance from the shore the takes were smaller, and 
on <me occasion the trawl only secured twenty-three small 
fish, when used in about ten fathoms of water, some 
seven miles from shore. Along with the small dat fisn, there 
were usually a few small round fish, a number of shrimps 
--sometimes over, sometkses considerably under one pint 
--^umerotts hermit and other crabs, and large quantities of 
Fhtitra, As it may be possible to materially increase the 
fish supply by affording protection to the young fish. 1 
hope to be aW, ere long to report that other similar 
nursetks have been found, and also as to whether dat fish 
during tbeir earlier st^es of growth frequent the inshore 
in pmerencc to the ofthofe waters- 

X have also to report that Mr. Scott (who in January 
last secured many thousands of plaice eggs doating in. 
the open sea over a shoal of spaVmmg plaice) has ret^ently 
come across a laige shoal or spawnu^ haddocks which 
were appm-ently resting on the bottom at a depth of 
about jo ^thorns some fifteen miles off the coast of Band! 
The surface waters over the shoal were crowded with 
haddock and cod eggs at nearly all stages of develop- 
ment At a single sweep Mr. Scott with his tow-net 
secured nearly half a mitlion eggs, while die trawlers 
were capturing hundreds of the spawning fish that were 
restkg on or moving about near the bottom.” 


N&TES^ 

annual of the Royal Society will be held 

May 8. 

. Ac^rmy of Arts s»d Sciences 

ob Apm Sis gosten; the R^ford Medah wett presented to 


We regret to have to record the death of Mr, R. Stirling 
Newell, F.R.Sm at the age of seventy-seven. Mr. NewallV 
name was well known in connection with the invention, and 
manufacture of wire rope and telegraphic cables. Just before bis 
death he offieredas agift to the University of Cambridge the 3 S«‘ioch 
refracting telescope which be bad constructed some years ago. 

The Civil Service Estimates for the year ending March 31, 
1890, show that a sum of ;^ 4 t, 23 i will be required for the 
maintenance of the Natural History Museum, South Kensington, 
for the present finandal year. The corresponding sum in the Votes 
last year was ;£4Q,934. The principal increase is under the head 
of ** Pardiases and Acquisitions/' for which the sum asked is 
;^470o instead of ;£'370a. On the other hand, there is a decrease 
of £9iS under the head of "Furniture and Fittings.'’ The 
remaining heads do not ^ow any material variation. 

Da. Lemdenfeld's "Monograph of the Homy Sponges/' 
which the Royal Society are about to publish, is now nearly 
through the press. It will consist of about 950 pages of text and 
over 50 plates. 

We have received the Report of the Mason Science College, 
Birmingham, for the year ended February 23, 1889. It is 
hardly creditable to Birmingham that the authorities of such an 
institutitm as this should still hftve to complain of a deficiency of 
income. Although the amount of the deficiency compares very 
favourably with those in former years, the Council feci that the 
economies they have been forced to adopt in order to decrease 
the difference between income and expenditure seriously impair 
the Collie work by hampering the Professors, especially those 
who have laboratories under their charge and require coUly 
apparatus to illustrate their teaching. 

Prof. H, G. Seeley, to whom a sum was assigned from the 
Government Grant for a research on the Permian or Trias Rep- 
tilia, has been spending his Easter recess In St. Petersburg and 
Moscow. The officers and professors of the Academy, the Uni- 
versity, and the School of Mines at St. Petersburg have shown 
him every attention, end his work in the museums appears likely 
to lead to important results. 

Much excellent work has been done by the London Geological 
Field Class, which is carried on under the direction of Prof. 
H. G, Seeley. The Report relating to the excursions daring 
the summer of 1888 shows that the work is conceived in a 
thoroughly scientific spirit, and chat ft cannot fait to exercise a 
most wholesome intellectual influence on all who take part it. 
This year, on account of Prof, Seeley’s projected visit to South 
Africa in July, the class will begin its labours earlier than usual. 
The first excursion will take place on May 4. Many pers6n3 
interested in geology ought to fake advantage of this opportunity 
ibr the study of the country around London, and we are glad to 
learn that the secretaries have received the names of more sub- 
scribers than they have received at the same date in any previous 
year. 

Mr. Dctnii, the Government Botanist for Northern India, 
who has been at work with Dr. King, of the Howrah Botanical 
Gardens, In cUb^fylng the plants collected by him when attodtied 
to the Black Mountain Expedition, has now been directed by 
the Government to make a spedal study of the grassy and 
fodders of Upper India. 

TRi TifMs says that the Sukkur Bridge, which has 

been constructed over the Indus, has now been opened. At 
Bukkur the riVer Is very rapid, but the Urge island of Bakkur,. 
standing About midway in the stream, wen bf great assistance in 
carrying 6Ut the plans. There are thus tArn bridges, one from 
Bukkurtq tt^ left bank| the other from Bukknr toNhe right 
bank, letter eonshts of three spans, the longest of whichis 
aySfeet ; thb former, known as the Sukkur Bridge, is in length 
between abutments no less than 790 feet. Two cantilevers. 
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31,0 feet long;, one from each side, were erected, and the inter- 
space of 20P <eet was cros'rtrd by a gfirder. There was 
^lni« fl apace betvtfeen the of 8so feet, which U said to he 
the Jaigest span of any rigid bridge in the world. The weight 0/ 
the span is 3500 ton«. The bridge was sent out in pieces from the 
-works of Messrs. We*tlwodd, of Poplar, and now, sixteen months 
■ufier the arrivat of the material i from England, it is practically 
complete. 

A coRREsroNpKNT writes to us about .a “ find ” which, he 
thinks, may prove to be of some rntcres*. At Ffornsey, near 
'TurOpike Lane, an excavation— about 18 or 20 feet wide, and 
cat bout 20 feet deep— is being made in connection with a new 
framping-Btation. In evUting into the clay, the men have come 
^pon lai^ fragments of a white substance, in the inside of which 
larc what appear to h? *'lhe vertebrx* of some animal.” Our 
correspondent expresses a hope that some one competent to form 
an opinion about the matter will ^'take a run down to Turn- 
pike I,anc ” (near the Great Northern station at IIorn«ey), and 
^xauune the objects which he believes to be fossils. After the 
( 5 nesent week, he says, there will probably be no opportunity of 
-aeeiog the clay in the state in which it was when the objects were 
removed from it. 

At the meeting of the Scientific Committee of the Royal 
Ho 'ticultural Society, on Ap»il 25, Mr. \V. T. Thwclton Dyer 
presented a note from Mr. Scott, the Director of the Meteoro- 
logical Ofiice, relating lo the useful ” temperature as reckoned 
in ** day degrees,” and to the amount of sunshine since January 
t of the preaent year, as compared with recent years, llte 
prextit season, it aeeme, has l>een much better than the Ian, 
.«icc«pt as regards the amount of sunshine, in which there is not 
mveh improvement. 

StR Jambs Hector has issued the Meteorologicil Report for 
New Jtealand, contnining observations, for the years 1883 and 
4884. Returns have been published since 1853, but since the 
3^aT 18S0 the number of stations has been greatly reduced, in 
favour of current weather reports ; the principal stations are now 
-only fowr in numbei'. With the view of enabling daily weather 
areports lo be issued by the press throughout the colony, with the 
Jeast possible expense, a series of twenty typical isobar ic charts 
^vere prepared and are shown in the Report. Each represents 
41 certain type of weather and bear# a distinguishing number, 
wliich is t^egraphed to the leading journals, so that when the 
number for the day is quoted, the diagram can be printed, and, 
although not al»oIutely correct, it is of great oasis! ance in making 
Icnown the general condition of the weather. The Report also 
contains some valuable mtums from stations in the Fiji group of 
ashiods. 

A NEW amine, methyl*ethylnmine, CiHs(CM,>Nn, has been 
<obtaisked by J)rs. Skraup and Wiegmann, by the action of 
atlcoholic potash upon morphine. Not only Is the actual pre- 
fwation of this hitherto unknown amine of impoitance in itself 
as completing a scries of isomers of the formula CsH^N, but the 
/net of its derivation from morphine also throws considerable 
light upon the constitution of thit alkaloid, It has been shown 
t>y several chemists that morphine, C;7U,^N04, is a derivative of 
gdrenanthrene, As a methyl and an ethyl group have 

now been extracted In the form of an amine, it appean» very 
likely that these groups are present in mot,diine, replacing two 
hydrogen atoms of phenanthrene and piobabiy attached to 
mitrogen. If this be so, morphine may turn out to be the Uo« 
fiitrUe of a substituted phowant&rene, and U remains now for 
/utUFe work to test the truth of and to determine the 
{K>^tions and functions of the oxygen atoms. In the latter con- 
weotioii, it was found in the comate of this invo»tigati:)n that, la 
4 i 44 ition to the volatile amine, a oaxvnd substance of phenol-llke 
was alsa formed, but great difSeuttieB were met with 
In fts purification, ta the actual morphine was 


heated for about five hours at iSo* C. with ten times as much of 
R twenty per cent, solution of pptash In alcohol. A volatile sub- 
stance of amine-like odour was evolved, and was driven over by 
means of a current of coal gas into dilute sulphuric acid. The 
filtered acid solution was then superiaturatod with soda «»d the 
purified amine distilled over in sieum into a standard solution of 
hydrochloric acid. It wbb only found possible to eUmjnate 
from the morphine in this way about 50 per Ctnt. of its 
nitrogen. The concentrated hydrochloric acid solution deposited 
crystals of a hydrochloride, and the solution also gave with 
platinum chloride crystals of a plaiino-chloride melting at 208", 
Analysis of this latter salt showed that the amine present pos- 
sessed the empirical formula CgHpN. There are four possible 
isomer?, of this formula, three of which, trimeihylamine, propyh 
amine, and isopropylamine, have been prepared ; and methyl 
etbylamine, which has hitherto been unknown. The hydro- 
chloride yielded the ba^e itself, by action of the strongest potash, 
in the form of a clear liquid of intense amine odour, unlike, how- 
ever, that of tritnethylamine. The properties of its salts were 
also fiuind to exclude the possibility of its being propyl- or iso- 
propylamine, so an attempt was made to prepare synthetically 
the only other possible isomer, methyl-cthylaminc. This wa<i 
^ucce3«fuUy accomplished by heating methyl iodide with a 
mixture of 30 per cent, ethylamine solution and alcohol in a 
scaled tube at loo'" for three hours. The product was distilled as 
far as possible in steam, the residue decomposed with potash, and 
the remainder of the volatile amines driven over in steam. The 
aqueous solution of the mixed distillate wns then shaken with 
ethyl oxalate, and successive products were obtained, on con- 
centration, of diethyl oxamide, acid ethylamine oxalate, and, 
lastly, the oxa’ate of the flought for base, meihyUeihy lamine. 
This salt, when recrystalllxed, melted at 154*, like the oxalate 
prepared from the amine derived from morphine ; and from U 
the hydrochloride, platinochloridc, gold ebUmide, nod free base 
were prepared, in every case the products being identical with 
those prqimred from the base of morphine, 

MttsiiRs. Smith, Ei.der, and Co. have issued a thirtl 
edition of Darwin’s work on “Coral Reefs.” To this edi- 
tion Prof. Bonn<^ cootributes an appendix, giving an account 
of recent speculations— about which there was lately «o much 
discussion in Nature— as to the origin of coral reefs, 

A CHEAP edition of Darwin's “Journal of Researches into the 
Natural History and Geology of the Countries visited during the 
Voyage of H.M.S, round the World,'* has been 

published by Mr. Murray. The portrait of Darwin which ap- 
peared in the Nature aericii of “Scientific Worthies" it 
prefixed to ihU edition. 

Messrs, Charles Gkifph and Co. have published a sixth 
edition of “ A Pocket-book of Electrical Rules and Tables the 
use of Electricians and Engineers," by John Munro and Andrew 
Jamieson. The work has been thoroughly revised, and enlarged 
by about t20 pages and fio new .figures. 

Some valuable contributions toward* a Flora of CaUhiwss^ 

J. F. Grant and Arthur Beimett, have been reprinted firpm the 
Sc 4 ftthA ^Tattira/isf. The number of apcciea and varieties that 
are admitted for the county of Caithness is over 600, a fair ntnn^ 
her, the authors think, cotwiderlug the physiail features df the 
eonnty. Caithness has about So species that have not yet been 
found In Sutherland, and about the same tiuhibef not yet ilbtiDtl 
in the Orkneys. 

Tilt Smithsonian Institution has issue I six lithographs iffastra^ 
tivc Of the anatomy of AHntnji^la Danaf. The plates 
drawn by Mr. Someh lo 1849^ ooder the diroctnm of lW. 
AgMsu, who intended to prepare ,a coniifAefce n^olr 00 tb# 
subject. Mr. J, Walter Fewkes has written an expUniutioO pf 
the plates to make tbein available otitdetoa of Ih* 

. .vertebrates. ‘ " 'r ' 
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A NBW number of the /ntemaiiamUs Arehiv fur Ethrn- 
^r^fhii h«ft been ikaued. It OQn;iiflU of Parts 1, and IL of the 
second volume ; and the contents, as in every preceding number 
of this ekceUent periodical, are full of interest for students of 
ethnography. There are three long articles— all in German. 
In the iirst« l>r« F. von Ftischan gives an instalment, carefully 
ilhiUrated, of a paper on an amusement popular in Tarkey, 
corresponding to the magic lantern. The second is an elaborate 
essay, also illustrated, by Dr. H> Schurtz, on knives made in 
various parts of Africa for the purpose of being thrown. In the 
third articUt Mr. tt. Parkinson, of New Britain, brings together 
many valuable ethnological facts relating to the inhabitants 
of tlie Gilbert Islands. 

Tfta Uses of Plants/* by Prof. G. S. Boulger, which is 
about to be published by Messrs. Roper and Drowley, is a 
manual of economic botany, having special reference to 
vegetable products introduced during the last Bfty years. It 
enumerates all vegetable substaaces iit use in England as food, 
materia medica, oiU, gums, rubbers, dyeing, tanning, and 
paper-making materials, hlTres, timber, &c., both home-grown 
and imported ; and there arc short cmys on the recent progress 
of vegetable technology in its various branches. 

I.v a Report lately received, Mr. W. Fnwcetf, Director of 
Public Gardens artd Plantations, Jamaica, gives an interesting 
account of a visit of a few days to the Cayman Islands during 
May 1888. In an appendix he gives a list of the plants he col- 
lected, for the determination of which he expresses indebtedness 
to the authorities at Kew* ** From this list,*' says Mr. Fawcett, 
** it will be seen that about 20 per cent, of the species are found 
more or less throughout the tropics. They are such as one 
might expect to dnd on any tropical island. It is interesting to 
note that one of the ferns (Acrosiickum aur^um) which is found 
growing to a height of 6 to 10 feet in swamps in Jamaica and 
throughout the tropics, was one of the first plants to establish 
itself on the Island of Krakatab, where the terrible volcanic dis- 
turbance completely destroyed every vestige of plant life. On 
its shore was also- found the fruit of another plant occurring in 
the Cayman Islands, viz. the almond tree ( Ttrwimt/ia 

At a recent meeting of the Royal Asiatic Society of Japan, a 
paper was read by Dr. Seymour on the hygiene of Japanese 
houses* in which he disproves the common idea that dwelling' 
houses in that country are very unhealthy. A Japanese house, 
kt on the whole* suited to Japanese life^ The extreme airiness 
of the structure prevents the charcoal fires doing the inhabitants 
any injury. Its chief defects can he easily remedied. The 
boarding of the fioor can be made more close-fitting ; ventilating 
panels should be used ; the ceilings could with advantage 
be higher, and the drainage bbouM be well looked af.er. 
Amongst fordgoers there is distinctly more sHoess in brick and 
stone houww than ki the wood or finme bouaes, on account of 
t he damp remaining In the walls of the bdek houses while it dries 
up almost immediately in the others. The remarkably small 
irfont inortaUtyf amongst the Japanese shows that their houses are 
hecddiy aitd stiited to tbdh modes td* l^e. 

Mst. F. A. bws been appointed on Assistant in the 

jt'xdogical Department, df the British Museum, not in the 
OeefogM £>e{itart|»eat, as stated <by a prhiter’s error) in 
^"Atcag, voU xxaia, S9a 

hddiifons to ;tho Zoological Society's Gardens during the 
pest week hiiMet two Macaque ht^kpys (Afat^aeus 
d India* jprosezited by J.>Q. Mackie ; two Canscais 

Irm Bechttikiidsnditf presented by Captain Treville 
I a toad (Wdtftto from SOdth America* 

Wftham Shlell ; a L^ng-eaced Owl (if jfa o/w;)* 
Jdr. Thomas H. Bailor ; ibmOcbicalar 
fhun Moxied, pve^ 

ae^d % t* ti. C^it^ { a Ebesus 


tkesus 9 ), four Concave-casqued Hombills (fDUh<R&r0t Uc^rnU 
d d 9 9 } from India, a Crowned HombiU {AtUhra£6<9ros> 
c^rmaltii) from Malabar, a Nepalese HornbUl (Acer^ 

/Msfs) from Ne]|>al, deposited ; a Peacock Pheasant 
/rm rlfirywir S ) from British Burmab, a Squacco Heron 

from Southern Europe, purchos^ ; a YelloW'-footed 
Rock Kangaroo {I^irognh xanth^pm 9 ), a Derbian Wallaby 
{.HalmcUurus dtrUanus 9 )# born in the Menagerie. 


OUR ASTRONOfilCAL COLUMN. 

The April Meteoks.—Fcw of the April meteorx aj^ear 
to have been visible this vear. They were watched for by Prof, 
licrsdiel at Croydon, Mr. Dennluff at Bristol, Mr. Backhouse 
at Hurworth (near Darlington), Mr, Monck at Dublin, anci 
other observers, llie shower of Lyrids was but weakly repre- 
sented, and meteorx generally were scarce. Several conspicuous 
ones were, however, recorded from the secondary streams of the 
April epoch. On April 20, at loh. 16m., a meteor equal to 
Sirius was seen between Corvus and Virgo by Mr. Backhouse, 
and at the same time Prof. Herscbel recorded a second -mag' 
nttude in Persdus. A comparison of the two paths shows tne 
objects to have been identical, and the heights of the meteor at 
its beginning and end points, as computed by Prof. Kcrschel, 
were 50 and 46 miles re^ctlvely (over Derbyshire), which is 
much lower than usual. The rodiant-polnt was at 301"* 
Another brighttsh meteor was seen on April 21, at lOh. l6m., 
by Prof. Herschel and Mr. Denning, and its heights were from 
76 miles above a point near Newport, Monmouthshire, to 60 
miles near Brecon. The radiant was at 217** - 2*, near fA Virginia* 
A fine meteor, quite equal to Venus, was observed at Bristol ou 
April 27, at 8h. 51m., slowly descending in Hercules. lU path 
was from about 218® + 49^* to 249“ 4 - 32j^*. Itileft a trml of 
sparks as it fell, and its lustre fluctuated in a remarkable manner. 

The White Spot on Saturn’s Ring, — P rof. H oldens 
reports that a careful examination of the ring of the ^anet with 
the great Lick equatorial on seveml evenings from March 2 to 
March 24 has resulted in the detection of no abnormal appearance 
in it. A kind of yellowish deformation or lump was indeed 
noticed close to the shadow on two or three occaaions, but it 
proved to be due partly to bad definition, for it was only leen 
when the air was unsteady, and partly to contraat, for a similar 
appearance was produced in any part of the ring by the use of 
on occulting bar. 

The Variable X Cyonl — M r. Yendall gives a new deter- 
mination of the elements of this variable in Gauitf s AHrommuA^ 
Journal^ No. J91. Discovered by Mr, Chandler in 1886, it 
has proved a variable of very iotereatine cWacter, and its li^ 
changes still require much stm' y. The rise from minimum tt> 
maximum is generally sharp, but the interval varies much in 
length, the range being from 3*3 days to 8*7 days ; the mean 
interval being 6 9 days. The curve is flat at minimum, and fi^ons 
these two circumstances Mr. Yendall has confined himself to the 
use of the maxima alone in the determination of his new ele- 
ments. The decrease from maximum to mlaimum shows a 
remarkable halt, sometimes a positive rise* Rlmoat important 
enouqh to be considered a secondary maximum. Lastly, tbs 
magnitude touched at the extreme points of the curve variea 
from epoch to epoch, but with a general conespomlence between 
the two phases, a bright maximum being accompanied by a 
bright minimum, and the contrary. A. connection between the 
duration of the rise and the brightness at maximum has not yet 
been established. The elements given by Mr. Yendall arc— 
1886 October rod, 6h. ri'Sm. Camb. M.T. ± sa jm. -f 
i6d. 9 h. 36m. 51S. ± g*3s. E. 

Photo&raphi*: DrrnttMiNATiON of the Brightness or 
THE ST AES."— No. 7 of vol. xviii. of the Afimtis of iho /Lirvani 
Coiligt details the progress of the researches in stellar 

photograpl^ oaniecl on at that institution by the assistance of 
the Badhe umd, die particular direction in which the inqiliry is 
being carried on the determination of stellar magnitudes 
by meaiH of photography. The piesent work is concerned with 
the determination of the brightnW of the stars in three par. 
tictiUr regions* each with special qualifications for the funedons 
of standard Stan t vk. icoo close ciroumjm^ar e^tars 420 stanin 
the rimades, and over t joo equatorial stars. Thesq three cata* 
logues have been prepared with great care ; the errors of the 
dinerens phoiegraphic plates fully examined* and the relation of 
photometric to photographic magnitude investigated. The work 


NATC/JRE 


i6 


[May 2 , 1889 


hm» a most nccrsiary and valuable introduction to a 
OMplete jtnrvey of the heavens on the aame method. The instru- 
numt used was the Voigtlaoder photot:(raphic doublet^ of S inches 
apetture and 44 inches focal length, so that the scale of the 
{wdtographs was that of the atlas of the DuvchmusUrnti^^ 2 
oendmetres to a degree. The images of the stars obtained on 
the plates were of different kinds, the clock sometimes being em> 
I^yed to drive the telescope when the stellar images were points 
or disks, sometimes the dock was stopped when trails were 
obtained, sometimes the clock was usra but trails produced 
through the polar axis of the telescope not being parallel 
to that of the earth ; indeed the adjustment of the polar 
axis was made in this way. The standard for measuring 
the stellar points was a photograph of the Hyades, the 1 
plate being exposed six times with exposures of 3 seconds, 
and 3^ 3% lo 3'* seconds respectively. For measuring trails 
a plate was exposed to the j^lar r^ion, and the aperture 
of the telescope varied to correspond to successive differences of 
a magnitude. The result of the careful and independent 
measurements of the plates showed that the measures of a 
skilled observer of the same star disk or trail did not very on the I 
average by so much as a tenth of a magnitude ; so that if the j 
errors due to the photographs themselves can he eliminated the > 
photographic method of aetermining stellar niagnitudes is at | 
least as efficient as the best photometric methods. The com- \ 
parison of the diurnal with the clock trails showed that the cor- 
rection for declination to be applied to the former was only half 
a '5 log cos 8 t the value it should have bad if the chemical action 
due to a certain amount of energy was independent of the time 
during which it acted. 

Tite first of (he three catalogues given in this work is that of 
the stars within i* of the pole. Rectangular co-ordinates are 
given with the Stars, instead of R. A. ana declination. Of the 
1009 stars included, 947 are within one degree radius from the 
pole, and nearly all are above the dfteentb magnitude. The cata- 
logue of the Pleiades includes all of Wolfs stars between 3m. 
preceding, and am. following .Alcyone, and 30' north and 15' south 
eSf that star with a few apparently overlooked by Wolf. The 
^uatorial catalogue contains the stars within a** of the equator. 
Ten different fields were photc^raphed on each plate, one 
being exposed on the meridian, eight others right and left at in- 
tervms or 40m. hour angle, and the tenth on the polar region. 
A comparison of the re^ts obtained brings out some iotcresiing 
potnta.. Tempe), at Marseilles, observing the Pleiades with a 
^inch telescope, reached fainter stars than Wolf at Paris with 
in inches apierture. The behaviour of photographic lenses 
of different apertures shows that to double the aperture is to 
command two additional magnlttides ; to treble it, two and a 
half. A 24'inch aperture should, therefore, grasp stars below 
the seventeenth magnitude. A comparison of the photographic 
magnitudes with'the Cordoba Catalosi^etand the Our^Amus/erung^ 
dves distinct maxima for the residuals in the Milky Way, 
Miowing that the Catalogue magnitudes are too faint near the 
Galactic stream where stars are numerous. 


ASTJ^O/VOM/CAL Pi/£JVOAf£/^A FOR THE 
WEEK mgAfAV 5 - 1 1 , 

/I7OR the reckoning of time the civil day, eommeneinf at 
Qteenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Oreen^ieA <»*e May 5 

Sun rises, 4h. z6m. : aouths, ith. S6m. 32 'os. ; daily decrease 
of southing, 5 * 15 . ; sets, xqh 27m. t right a»c. on meridian, 
ah. so*7m. ; dect. 16* 23' N. Sidereal Time at Sunset, 
loh. 22m. ' 

Moon (at First Quarter on M 4 y 8, yh.) rises, yh. sym. j 
sDUthh, i6h. rym, ; acts, oh 35m,*! right a^c. on meridian, 
yh. 1 1 7m, ; deck 22“ 41* N. 


IlifMMl. 
h. m. 
Mercury,. 4 44 

Veipnw ... 3 44 
Motf ... 4 52 
Jhpitw 23 46* 
10 31 
S6 4 d 
5 18 


$atustt 
trnmus... 
Neptune 


South*, 
h. m, 

43 
t t 24 

u 44 

3 42 . 
18 11 . 
ee f5 - 
13 4 


Saa». 

% w. 

20 42 

1 ^ 4 - 
ao 3« ... 
7 . 

I 50*.,, 

3 44 *-.- 
20 50 


Ritiht asc. and declination 
on Hnondtan. 
h. nu 

3 37 ] 
a it*8 
38-2 

, Ve 

13 to-j 

3 58'3 




ao SI N. 
«7 39 N. 
19 47 N. 
22 57 S, 

*7 47 f?- 
6 

18 52 K. 


that of the precsdinf evantht «ed ihe 


5^ .•» 17 ... Mercury in conjunction with and 9 ' north 
of Mara. 

7 ... 22 ... Saturn in conjunction with and r 28 louib 
of the Moon. 


Saturn, May 5,— Outer major axis of outer ring w *’ 
outer minor axis of outer ring ^ n"*6 : southern surface visible. 


Vasiadle Stars, 


Star. 

R.A. 

DaeJ. 




b. m. 


hi 

Hi. 

U Oephel •«* .*• 

0 52’5 ... 

81 17 N. 

.. May 6, 1 

52 m 




» n, 1 

31 w 

X Bootis .. .. 

14 18*9 •• 

16 50 N. 


m 

a Librss 

14 55 * •' 

858. 

... „ 6, 23 $1 m 

W Herculis 

16 31*3 .. 

37 34 N- 

.. M 6, 

m 

U Ophiuchi 

17 10 -9 .. 

X 20 N. 

*. tt 8, 2 

30 m 




„ 6, 22 38 m 

U AquUse 

19 23*4 .. 

7 i6 S. 

,* III I 

oM 

S Vmpecultt 

19 43*8 .. 

27 I N. 

n 8i 

M 

U Aquilss 

19 46 ‘8 .. 

0 43 N. 

.. II 9 , I 

0 4 / 

S Sagittae 

19 svo .. 

16 20 N. 

.. b, 22 

0 M 

S Aquilm 

20 6*5 .. 

IS 18 N. 

... H *0, 

m 

X Cygni 

20 39*0 .. 

35 II N. 

.. ,* 7 . 3 

0 M 

T Vulpeculae 

20 46*8 .. 

27 50 N. 

.. Ml *5 

0 fn 

8 Cephei 

22 25*1 .. 

57 S« N- 

8, 21 

0 m 

M tignifias maximum ; m Duaimoiu. 



Mtt 4 ar-Shimers. 




R.A. 

Ded. 



Near c Crateris 

170’ 

... 10* S. .. 

. Very slow. 


,, 71 Ophiuchi . 

255 

.. 20 S. . 

. Slow ; long. 


,, ( Draconia 

260 

... 64 N. . 

. Slow. 



GEOGRAPHICAL NOTES, 

The discovery is announced of a new mouth of the Zambesi, 
forty-hve miles south of the Quaqua, on which QuilUmane is situ- 
ated. The name of the river is Chindd. As we know already of a 
Chindt^ River which joins two of the principal mouths of the 
Zambesi, the probability is, not that a new mouth has been dis- 
covered, but that an already known mouth, has been more 
completely explored. The Chind<£, it seems, has a channel 
some 500 yards wide, with three fathoms of water at the lowest, 
and is therefore expected lo afford a clear waterway lo the main 
Zambesi. 

For the last few years Baron Nordensktdld has been engaged 
on a work of great importance in the history of geography, and 
especially of cartomphy. He has been collecting from the 
archives of various European countries sped i>ens of the earliest 
printed (as distinguished from manuscript) maps and some of his 
find< are really original discoveries. These he intends to reprb- 
duce in a great atlas with accompanying text, in which, among 
other things, he will describe and discuss the various cdiiians of 
Ptolemy ; of these he has formed a unique collection. The 
work will appear both in a Swedish and an English edition. 

Thk country of Oklahoma, about which we have heard so 
much daring the piut fortnight, is in the very heart of what is 
known as the Indian Territory, which bes j^tween Kansu on 
the north and Texas on the south. Although on the Survey 
maps of the United States it seems to be well watered, the 
ac^al results would show that the water is not well disiributed. 
It is traversed by the Canadian and CimOnon rivers, and between 
them are found on the map a perfect network eff streams. The 
area of Oklahoma U a little over 3000 square miles, equal to 
about one-twentieth of the total area of the Indian Territory; 
the number of Indians In the latter is about 8o>poo. 

In an article in the May number of the Fartni^ly RttAm, 
by Mr. F . C. Selous, the well-known South African hunter and 
explorer, we hnd a useful account of Mashonaland, around Which 
at present there is so much interest. Ko man knows the 
country so well as Mr. Selbus, who during the past fen years has 
ttuvers^ it in all directions. Mashonaland lies to the north-^edst ' 
of the MatabeJe country, and is described as a land of oerennlid 
streams, where thirst is an unknown quantity. The high platoaui 
which is of ^ry great exttmt, form# the watetshed between the 
Zambesi.io the north and east, and the and the 
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io^tlus soutb ; it is from 4000 to 4600 feet above Bea4evel. 
Nearly the whole of it ia magnifioeatly watered by a net- 
work of nmtiing atreamsi the apring4 supplying which well out 
iron) the highest portiona of the downe* so that an euormoas 
area, of land could be put under irrigation. The whole year 
round a cool wind blows almost continuously from the south^eo^t, 
a wind which in the winter months becomes so cold that it may 
well have its briigin among the icebergs of the Antarctic sea 4. 
The country, Mr. Selous assures ns from his own experience, is 
admirably adapted for European occupation and labour. The 
soU is rich and fertile^ and from the facilities for irrigation 
enormous quantities of wheat could be grown. Although the 
highest and healthiest parts of the country are very open, still 
one is never out of sight of patches of trees. Behides the high 
plateau of Mashonaland, the whole of which Is over 4000 feet 
above sea-level, extendiim along the watershed for a distance of 
over 2 X 30 miles from the Matabele country to the source of the 
Kanyane and Mozoe Rivers, with a breadth of from sixty to one 
hundred miles, there is a vast extent of country lying to the south, 
east, and north-east of the plateau, well- watered and fertile, 
having an altitude of from 5000 to 4O00 feet. Tliese plateaus 
are of much ethnological interest, os giving shelter to the very 
few remnants of the peaceful Mashonas that have escaped 
extermination at the hands of the bloodthirsty intruders, the 
Matabele. 

Mr. Selous leaves England for the Cape to-morrow. It is 
possible that he may be compel ted to lead a prospecting |)arty 
up 'the Zambesi. Should tbU not be the cose, he is likely to 
proceed northwards bevond the Zambesi to the Garenganze 
country, west of Lake Bazigweolo, and thence make either for 
the source of the Liialaba, which he will endravour to follow 
down until it broadens out into the Congo. 

M, J. Taupin, Professor in the College of Interpreiets at 
Saigon, has completed an important exploration in the lower Laos 
country. Starting from Saigon in October 1887, M. Taupin, after 
viattiog the Siamese province of Siem-Keap, and photographing 
the numerous Khmer remains in that province, notably those of 
Angkor, crossed the forests of the lower Lao.'ii, to Ubon, where 
he resided several months. Among other things he has obtained 
a knowledge, at least summary, of the Laotian language and 
writing, the only graphic- alphabetic system, it is stated, on which 
we have no positive information. The language, M. Taupin 
states, is spoken by four million people. He has surveyed about 
lOOD kilometres of rivers and watercourses not found on any 
map, besides making many important corrections. lie has made 
notes on natural history, and experimented with the culture 
of European plants. The meteorology and anthropology of the 
country, moreover, received much attention at his hands. 


At the next meeting of the Geographical Society, on May 13, 
the evening will be mainly occupied with a discussion of Mr. 
Stanley's letters, in which several well-known Africanauthorities 
are likely to take part. 

Captain Binoer^ a French explorer, has succeeded in filling 
up one of the blanks on the map of Afnca. Starting from the 
b^ks of the Niger, he penetrated the country of Kong, amid 
meoy dangers and sufieHtigs. 


THE HEmV DRAPER MEMORIAE^ 


'THE researches which constitute the Henry Draper Memorial 
* have consisted for the laat three years in the photographic 
study of the spectra of the stars. While this subject will con- 
tinne to be the principal one under investigation, Mrs. Draper 
m dedded to eatena the field of h ork undertaken, so as to 
include the study of , the other physical properties of the stars by 
photogmphyw ^ As Will be seen from the detailed statement 
below, the first research undertaken is now rapidly approaching 
completion, the plans for the study of the southern niars have 
been hoatured, and this study will soon be be^o j .the detailed 
vtmy of the spectra of the brighUtf stars U mkmg progress,. at»d 
n wqM piece of photometric work will toon he undertaken with 
a teles^e, The progreu made in investigation will 
now he desorfbed, as iu previous Rppona, 

1 ; ^ SMira &/ The 


, ^ Bache tele- 

. , ^ . has an¥-inch ^otogtaphic dioublot as an objective, 
»a Ibr fids work. The photogmphs cover the entire sky 

''dw IHi^Agraphtt ntudy of Stellar Spsetta 
Ifideard C. Pfckerin*, 

) John jMid Sots, llniVadUy jrfie;.) 


north of -25®, with exposures of about five or ten minutes. 
About 28,000 spectra of 10,800 stars have been examined, In- 
cluding nearly all stars visible in Cambridge of the seventh 
magnitude or brighter. The Catalogue is now nearly ready for the 
printer, the final copy having been prepared as far as i4h. in right 
ascension. 

Nearly the entire time of three or four comjmters has been 
devoted during the past year to this work. The intensity of 
about 15,000 of the spectra has been measured, completing this 
part of the lesearch. Much lime has been spent in checking and 
verifying the results. All the positions have been checked and 
brought forward to 1900 two or more limes independently. All 
discoidant measures have been re-examined, and a search has 
been made for possible error when bright stars are omitted or 
very faint ones inserted. Seven thousand two hundred notes 
have l>een made on the various stars in the Catalogue. Each 
note has an appropriate number which permits it to he entered 
In its proper puce. Most of these notes relate to additional linos 
contained in these spectra besides those by which the type is 
determined. The position and intensity of these lines is 
estimated. A portion of them have been reduced to wave- 
lengths. The printing of the Catalogue might have been already 
begun but for the difiSculty of deciding how the different types 
of spectra should be distinguished. The claBsification used for 
visual observations fails to indicate many differences obvious in 
the photographs. On the other band, the photographic portions 
of spectra of Types 11 . and III. are nearly identical. The photo- 
graphs also show many stars whose spectra are intermediate 
between those of the typical stars which have determined the 
usual classification* A system has, however, been adopted 
which permits all differences detected in the photographs to be 
described in the printed volume. 

Thirteen spectra were found on these plates which could not 
be identified with stars. Three of these proved to be due ;o 
Mars, one to Vesta, three to Jupiter, four to Saturn, and two to 
Uranus, Accordingly a^l the exterior planets bright enough to 
be detected in this way appear on these plates. 

The measures of the intensity of tlie spectra form a very 
important portion of this work. Since the same part of the 
sp^trum is measured in each case, the true relmivc energy is 
determined. That is, the same result is obtained as if the 
measures of rays of the same Wave-length were made by any 
other method, as photometrically by the eye, by the thermopile, 
or by the bolometer. The colour of the star will be indicated 
by the extent of the spectrum, which is also noted. For die 
first time, therefore, we shall have a photometric Catalogue in 
which the error due to the colour of the star is eliminate. A 
preliminary determination of the accordance of the results de- 
rived from different photographs of the same star shows that the 
average value of the residuals will be about 0’i6, which is the 
same as the corresponding quantity for the Harvard Photometry. 
The number of stars is more than twice that contained in the 
latter Catalogue. 

2. CaXa^ogw of Spectra of Faint Stars . — In November 1 888, 
the photographs required to cover the sky north of the equator 
were nearly fimshed. It was expected that in two months the 
observations would be completed. The telescope, which was 
the same as that used in the previous research, was, however, 
wanted for photograj^ing the Solar Eclipse of Januaiy 1, 1889. 
It was accordingly sent to Willows, California, where it was 
mounted, and the greater portion of the remainiim photographs 
were taken there, it was then sent to Feruj as will be described 
below. The few remaining photographs, including the repeti- 
tion of those found on further examination to be unsatisfactory, 
will be taken la Feru. 

3. EtiaiUd Study of the Spectra of the BrigkUf Stars. — The 
ii-inch refractor wiili one, two, or four large prisms over its 
objective has been employed in this work throughout nearly 
every clear night, until stopped by the morning twilight ; 686 
photographs have been taken, most of them with an exposure of 
two hoars. V|''uh our present photographic plates about 570 
stars north of -30^ are bright enough to he photographed with 
one prism, 1706! them with two prisms, and 87 of them with 
four prisms. To obtain the best powible result some of the 
photograt>h3 must be repeated many times. The difficulty is 
Increased by the invariably hwy appearance of the lines in 
some spectra, lik6 that of a AquUm, which was at first attributed 
to poor definition of the photograph. It is expected that the 
work will be completed during the next year by orianal or 
repeated photogra|^4 of ,228 stars with one prUro, of 04 with 
twor »nd of IU with four. lo general, stars as btifeht as the 



,8 nature 


tnaj:nituele ow* be sa(i»ractorily phofogntphed wkh one 
i^ianqj ihe *p<ctni obtained bcii^ about an inch long. Fainter 
atara^ if of a biiuBb cofcmr, give suftdently dintinct jmag««i in 
aotaAd cased |food fesblts being obtained with stats of the seventh 
jiiajimittide. Fot exatnbie, Touneen stars in the Plekdes are 
weU photographed with this apparatus. With four^ prisms 
much logger spectra are obtamed and many mote lines are 
vjiibie. But certain difiicrences in the character of the spectra 
are l)etter shown with the smaller dispersion. Nutnerous 
pbotogTE^s ^ve been taken of the variable stars a Ceii and fi 
Lyrite. The changes in the spectrum of the latter, star i&cem 
to he undouirted, those of e Ceti, if any, to be slight. Various 
peculiarities in the spectra of individual stars have been detected. 
One photograph of ( Ursrc Majoris shows the K line distinctly 
doable, ana Others show it single. Many photogra|;>hs will be 
requited to determine the law of its variation, if this is due to 
changes in the star itself. Bright lines were detected in the 
spectrum of p I’ersei, putting it in a class in which only two or 
three other stars are known to fkll. In the doobie star Cygni 
the two components have spectra of different types, an important 
consideration in the theories regarding their formation. The 
brighter component is of the second type, the fainter of the first. 

Ordinary photographic plates arc not .sensitive to rays of much 
greater wavelength than the F' line, or 486. By staining the 
plates WUh various coal -Ur produces the range of sensitivenesR 
may be greatly extended. With erythrosin the ^ectrum extends 
to the wave-length 590. The sodium line D is distinctly seen 
to be doable in the photographs of a Bootrs and a Aurig:e. 
Various experiments were also made with cyanin, but the plates 
were not sufficiently sensitive to give gtx>d results. The entire 
length of the speclrum with four prisms, inclading the portion 
obtained by erythrosin, is about six inches and a half 

A beginning has been made of the measures of the positions 
of the lines in the spectrum. A scale of fortieths of an inch has 
been rulecl on glass, and the positions of the lines reatl off with 
the aid of a magnifying-glass. Twelve of the photographs of a 
Canis Major is have been studied in this way, ITie spectrum of 
this alar is traversed by the hydrogen lmei«, which are strong, 
and by other lines which are so faint that they are only visible 
when the dispersion is la^ge and the definition good. The 
catalogue thus formed contains about 320 lines. The average 
deviation of the o^tasures of the same line on different plates is 
about 0 05 of a millionth of a millimetre, or 0’05 cm. on the 
scale of Angstrom's map. If the line occurs in the solar spectrum 
these measures will generally identify it. In other cases the 
exact position must be determined by a dividing engme. If a 
line can l>e distinctly seen, its wave-length can probably be thus 
determined with as great accuracy as that of the portion of the 
solar lines on the map of Angstrom. In the spfectrum of a 
Bobtls 140 lines are vialbie between the D and F lines, 

ITte classification of this lai^ nrtmber of spectra is a matter of 
no little diffiewlty. Slight differences exist in many stars, and 
certain stars appear to hold an intermediate position, so as to 
reiKlCr a rigorous divmton into classes impossible. On the other 
hand, many stars appear to have identical spectra. The first 
step win be to atrange the stare in groups, and then compare the 
best defined spectra of different groups. A minute discussion 
and the measurement of wavelengths will be necessary only in 
the investigation of a comparatively small nnmber of spectra; 

4. Faitti Sid*ar Spt(^fa,—Tht dSdneh reflecting telescope 
constracied by Dr. Draper was assigned to this work. During 
the firat six months of the year a careful study waS made of this 
pn^bJettii and the difficulties cncoontered bore evidence of the 
skill of Dr, Draper in obtaining good results With this telescope. 
'1 he best methorl of using this instrument seemed (0 be a modb 
fioation of the form first tried by Dr, Draper,— a alit spectro^ 
scope from which the slit had been removed. The rays from 
the mirror were rendered parallel by a concave lens which 
wplaced the objective of the collimator. As this lens had the 
same focal distance as the objective of the observing telescope, 
U was not necesaary that either should be achromatic. Auer 
long trials with this and other forms of appandus, a spectrum 
was at length obtamed showing good definition. As the 
resulu were not better than those described above, and 4h« 
infirument, from its six*, was slow in operation, the experiments 
have not been carried forther. 

t o/Sf^tra 0/ Smt/ttm Thefl-loch 

Bacfae jelesoope remained in CWllfomia nmil February 2, 18S0, 
and was then sent to Pern to continue research No. 1 on 
aottiherh Mara The sky from ^25*10 the south pole will be 
edveted, and the resuUh^ phoic^giapbi sent to Cambridge and 


reduced, jw in Ihe caw of the northem suura. The advantagw 
of discussing ail stars from the north to^ the south 4^!* 
to one system are very great, and ane here sfaairaa for^ OTt 
time in so extensive an fo vestigntion. If no unforeseen mmciuty 
arises, the photographs will ai] be completed during the fteat 
two years. ^ _ ■ 

6. .SjSiicf/w 0 / Faupi Start. T^R,eseanm 

No. 2 will also be extended to the south pote simuhaneo^y with 
the observaiiofts required for No, 5, It is expected that tbete 
photographs also will be completed in two. years. 

The liache telescope described abofve has proved an extremely 
convenient instrument for various purposes Berides the spectro 
scopic researches already mentioned, several other invest igalKW 
have been undertaken with it, some of which wJH be found in 
the Memoirs of ihe American Academy, yoK xi. p- attd 
the Harvard Observatory Annals, vol. xviii. Nos, iV, , vi., and 
vii. Owing to its short focal length it possesses many advanU 
ages-over pho'ographic telescopes of the usual form. With 
exposures of an hour and a half more stars were photographed 
in the Pleiades than ate given in the engraving aocomminyiiig 
the Annual Kepori of the Paris Observatory for 1886, altht^h 
that work was ba^ed on photographs taken by the MM. Henry 
with exposurefi of three hours and a telescope having an 
aperture of 15 inches. Nearly twijx as many stars were 
photographed in this region as were visible with the i scinch 
telescope of the Harvard College Observatory. The short focus 
of the telescope also gives it especial advantages for photo- 
graphing nebula;. Twelve new nebulae were thus discovered 
in a region where but eighteen were known before. Various 
other investigations, such as a deter ovinat ion of the law 
I atmospheric absorption, have been undertaken with the aid of this 
I telescope. It has been so persistently used in spectroscopic work 
I that the other researches have been neglected, especially those in 
which very long exposures were requirc<l. Its removal to Peru 
now cuts it off for tome time from such use on the northern 
stars. Accordingly, Mrs. Draper has procured a similar 
which is now in the hands of the firm of Alvan Clark and Sons 
for retouching and mounting. Several important researches will 
be undertaken with this instrument. Photography is now used 
in so many departments of astronomy that a general investigation 
of Ihe photographic brightness of the stars seems desirable. A 
plan has been proposed by which a single plate wiU eontofo 
photographs of a numlier of rerions one degree square, but in 
different portions of the sky. Thus a series of standard faint 
stars will lie photographed, which can all be measured, add re- 
duced to the some scale. One or more photographs of the 
vicinity of the north pole will be taken on each plate, and thus 
serve to correct the results obtained on different plate-'. It is 
proposed in this way to secure a series of standards of sieflar 
ma^itwde at iniervaJs of about five degrees, A thind leas of 
similar form, having an aperture of four Inches, will be atta^hWd 
to the telescope, with which photographs on a sraoBer ix^ak, but 
five degrees square, will Ije taken sitmiltaneously. These photo- 
graphs will cover the entire sky, and it is proposed to mpaeure 
the photographic brightness of all stars of the seventh mag- 
nitude, or brighter, which are reptescnled on them, TJ^s 
investigation will have a special value in connection with the 
hotometric measures of the sj:»cctra described above. U is 
oped also to photograph the entire northern sky by means of 
the 8- inch telescope, wuh exposures of an hour. Kadi plate 
covers a region nearly ten degrees square, of which the 
in the central five degrees square are satssfootorUy in (ocas. Unb 
of the regions containing standard rtnm wiU appear fri the centre 
of each plate. Ey such a Series of plates the photoipaphic bright* 
ness ofany stare In ighter ihuft the fifteenth m^jpQltu&can Ito deter* 
mined on a uhtform scale. The faintest stars photographed wil} 
be nearly a magnUnde fainter than the UmU propoted by th« 
AstropKotogniphic Coi^jpess, so that alt fdatns hicluded in that 
work can le routed to a uniform system. l"he advantages Of 
such plates for studies of the distribmitm of the stare mid hthw^ 
simuar invesaigatioiw are ubvioUs. 

From the nfiove deai^ptfoa it appeare Mist the field of wnrir 
of the Henry Draper Memorial, as iww extended, is afosMt 
boundless. The problems to be investigated retate to t)ie fon- 
damcnial Jaws regulataig th« formation of the aWtm. 
QnesUohs of swch importance shoald be discussed ona sufklen% 
laige scale, ot the iMdta of the disoasaimv wiB sooas be 
seded bv a ropeiirion the work. The Ubena provbritth i3& 
for the lienty MenwyiaJ permits the iavestJgatfopa^V 
planwd on a apale whkb is likely io avoid sujc^hdeito^ 
dephcation of work, ■ . ^,77Tv' 
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GSi/NUTAlDS MATHEMATICAL SPECTEUM 
ANALYSIS. 

^HE following inteitfiUng criticisin of Dr. OrUnwsild^* recent 
^ work Oft tno mathetnatical spectrum anatyBift of varioun of 
tbe e}eoHtnts< by Joseph S. Ames, of the Johns Hopkins Uni- 
vdrtlt^t appears in the Febniary number of the Amitican 
Chemical 

*^Dr. Anton GrUnwald, Professor of Mathematics in the 
TechnicsJ School at Prague, has given his theory of spec- 
trum analysialn the following papers * Ueber das Wasser- 
spectrum, das ITydrogen-, und Oxygenspeetrum,’ Axtronomische 
A^achrichten^ No. 27^7, 1887, and PhiL Mag .^ xkiv. 354, 
1887; (2) ‘Math. Spe^ralanalyse des Magnesiums und der 
Kohle/ Monaishiifte /«> Chtmie^ viii. 650, iViener Siiz. 
JifruMct ^ Abth. xcvi., 1887 ; /%*/. Afag.^ xxv, 343, 1888 
fabstract) ; and (3) * Math. Speclralanalyse des Kadmiums,* 
AfoHaishefie fur Chemie^ ix, 950. 

** His aim is to discover relations between the elements by 
tracing connections between their spectra, and thus to arrive at 
simpler, if not fundamental, ‘elements.* He considers the lines 
in the spectra of two substances, say A and It. If he finds a 
group or lines in the spectrum of A, which, on muhipltcatton 
with a simple nmnorjcal factor, give line for tine a group in the 
spectrum of B, he assumes that A and B have a common com- 
ponent. I'his factor, which transforms the one group into (he 
other, h, he nays, the ratio of the volumes occupied by the 
common const ituent in unit volume of the two substances. 
Thtw, let e be common to A and B, and let it occi^jy the volume 
[a] in unit volume of A, and [h] in unit volume of B 4 then the 
factor which tranaforms that part of the spectrum of A due to 
c into that of B, aUo due to r, is {^^j/[^3* It is not difficult 
to Bnd relations between the spectra ofdtlTtfrent substances ; and, 
acx;epiing Dr. Griinwald's hypothesis as to the transforming 
factor, we can deduce formulas for the elements, for example, 
in the hydrogen 8)>ectrum there are two grou}>8 of lines, [<t) and 
(^], which, t^en mnltt plied respectively by H cor- 

responding groups in the spectrum of water, and, since in water 
hydrogen occupies I of the volunte, we have the equations 


^ W = 


[a] f m = I 




which gives hydrogen the composition For reasons which 
tlepond upon solar physics, (hiinwald calU the substance a 
corpmum, and h helium. Further, he says that all the lines In 
ffastel berg's secondary spectrum of hytlrogen can be changed 
into w^ater-line by multipUing by J ; which shows, acconding to 
his theory, that the modified molecule li* occm>les in HjO half 
the volume It does in the free cotwUtion. ife nods that oxygen 
has the composition where ^ is a new subaianoe. , In 

bid last paper, however, l.>r. OrUnwald states that he has proved 
r to be nothing but a In a different state of compression. 

*“ He adopts the ypocrtrwni of waver, /.r. of the oxyhydrogen 
dame, as a stafiidard, and is then able to give various criteria by 
ntoans of which the primary clemetita a and fi may be recognized. 
Among them are f he following : if X is the wave length of any 
ihoe 'pfodoohd by a as it exUta in hydrr^en, HfX, f will each 
he Ihe wave-lengths of any Unc of the water-apeCtnim, and if x is 
the wave-length of any Boe produced by ^ os It caiats in hydrogen, 
-fX will be the wave-leagtn of a line of the water-spectrum. 

^ ctfteHa to magnesium, carbon, and cadmium, he 
Mu that they are mode op entirely of a and h in various atates 
d^t^ptaipaeialflss. Fnr kiatntice, one gto^ of liaes in the cadmium 
apeetrwm ^ ttWiaformedii^ a group of h by (he factor |, aimrher 
group iaIdetttieM with n group of and so on. But the gronp 
. Sr Hm of kng^ IS tmntfnrmed into a group of 

by the fbotor 1 ; ^ttd cadmium hdls in the seventh row of 
Hesufelejefa table. ShhBarty, the group of lln^ pf ahorteit 
wave-length of alac is tranaformed into a group of by the factor 
J, and in the hfih row of the table- Dr.-Oilnwabl ftnd* 
id this Xgeoeriailhw which he verifieB in the eases of Al. bl. Fe, 
Ou. Ttti, A% fir, jAg, Cd, In, $b, Te* Ba, Ao, Hg, Tt, Ph, 
and He further ponheota tm Unas of greater wavelength 
^ the mbeta^ 0 4 aod^as in aU cases ao far tried all tbs Biies 
UliB be dsfdaeed from Usaw two uthsMimies^ he U led beUeve 
tha^ nilte eUmmls ^f 

^ GrUawhld has nol published a 

iit pt: ^ Un^ tiihamethr^ of e had >> m until this 


Is tlone hW theory cannot be accurately tested. There ate two 
diarinct questlopa to be answered f (r) Are there any Qumctical 
relations connecting the spectra of -the elemenu ? and if ae, (a) 
what h the meaning of ihe fact? Cornu, Deslandres, and 
others have . long since answered the hrst question for us, but 
whether Dr. Grlinwald's answer to the second is correct or not 
depends upon the completeness with which the numerical rela- 
tions hold for the ettitre spectra of the substances. It is here 
that Dr. Griinwald's work can be criticized. 

** As noted above, the spectrum of the oxyhydrogen dame is 
used to test the existence of lines belonging to a and A By far 
the most accurate and complete determination of this speetrum 
i.s that of Liveingond Dewar (Phil. Trans. 1888) ; but this does 
not alway.H answer Dr. GriinwakPs purposes. In the B. A. 
Report fpr 1886 there U a provisional list of lines of the water- 
spectrum, which he often, uses, aHbough the wave-lcngtba have 
since been corrected. Further, if other lines are necessary, they 
are found by halving the wave-lengtbs of the secondary spectrum 
of hydrogen. Many lines thus determined are actually present 
in the water-spectrum ^ but why are not o// there ? Dr, Griinwald 
says it is because the amplitude of vibrations of parts of the mole- 
cule can be so changed, owing to the presence of other subsiances, 
that the intensity may increase or diminish, or become loo faint 
lo be observed, 'fa this argument there is al»olute1y no answer. 
In sonie ca* es, ton, the average of two wave lengths is uacd ns a 
criterion of a wave-length of 1 which falls between (hem ! And 
as a last resort, if the necessary wave length cannot be found in 
the water-spectrum by any of these means, it is put down as 
‘new/ and is called an ‘unobserved’ line. As just shown. 
Dr. GrUnuald ea-ily explains why the strongest lines in the 
spectrum of an element, C 4 idmium for example, when ‘ trans- 
formed' into water-lines, may be faint, and vice rvrri. But 
how does he account for the fact that douUe lines are not trans- 
formed into double lines? This seems to me a fundamental 
objection. The concave-grating gives the only acDirate methorl 
of determining the ultra-violet wave-lengths of the elements ; 
and, as a consequence of not using it, most of the tables of 
wave-lengths so fat published are not of much value. So 
(iiunwald's enor here may be great. And, besides, when we 
censider that in the water-spectrum as given by Uveing and 
i^ewar, without the help of the secondary spectrum of hydrogen, 
there in on the average one line for every two Angrtroai units, 
it would be remarkable indeed if any law could not be verified. 
This is strikingly shown in the first group of the cadmium lines. 
Mere 6742 and 6740 are two readings for the wave-lengths of the 
same hne, as made by two observers ; yet Griinwald finds a 
water-line for each of them ! 

“ I'he fact that there are exact numerical relations connecting 
the spectra of different dements does not afford a proof 
Griinw ald's hypothesis ; and until the Above difficulties are re- 
moved the evidence is against it. But, even granting it, how 
do we know that a and ^ atre not themselves oompounda ? In 
the second group of cadmium lines there are ntneieen lines which 
can be iran^formed into A lines ; h has many other lines j ao at 
the most this only shows that ciuloitum and h have a common 
constituent unless, of course, the absence of the cither cadmium 
lines is accounti^ for in Griinwald's own way of varying 
intensity, 

"The lines of the spectrum of any substance, as cail>on or iron, 
seem to fall into definite series or gioups ; and the wave-lengths 
of the lines in tbpse groups can be expresaei by fonaulos, as is 
¥?ell known. All that the fact of there being a connection 
between the spectra of different aubatance^ seems to show is, 
then, that there may be a formula common to mapy elements, 
as Kayaer and Kunge have reoently found. And all that this 
means is that the molecules of those eletnenu vibrate in general 
according to a similar law," 


OJV TtlE FORMA TION OF MARINE BOILER 

incRUsta rroNJs} 

TN (he ddec forms of marine boPem, iea wa*^et wu almost 
^ Mnlveraatly employed ; but with the imtodittAfotk of hti^- 
pressnr^ /tubulnrWklts the amsmat of deposit was so serions, and 
the eUffifCuhy pf lemvieig it so great, that it beeme imperKtive to 
use distUktt imet- It is fotmd, however^ that the trq^e has 

’ A Pa^r nhlil d tbv wsUm of the taaiUuiiwi «f Nwwl A#cW- 

teCis, by tfcvlss. F.I.?., Soyal N^wal Colhge, on 

April t*, 
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owily been Iwm^ferre^ from the steam boiler* to the ap- 

ptttvttttt/imd chat eonttant breabdowns of the latter necessitate 
A* <#f Sea water into the boiler to eke out the supply 

of distilled water from the condensers. 

IW waters at present in use in marine boilers may be classified 
afr“* 

(1) St^ water, (3) distilled water, (3) mixtures of sea water 
with distilled or fr^ water. 

In this paper the nature and causes of the deposits are studied 
in each of these cases. 

Fresh water contains about twenty to fifty grains per ^llon of 
dissolved solids, principally consisting of calcium carbonate, held 
in solution by carbonic add present in the water, whilst sea 
water contains about 2300 grains per gallon, consisting prin- 
cipally of sodium chloride, together with magnesiutu salts and 
calcium sulphate. The wide difference In composition between 
fresh and sea water is also shown in the deposits formed by them. 
Analyses riliow that with fresh water the incrustation may be 
looked upon as consisting principally of calcium carbonate ; that 
with a mixture of fresh and salt water the deposit consists of 
nearly equal parts of calcium carbonate and calcium sulphate ; 
whilst the sea water gives practically calcium sulphate. 

A deposit of calcium carbonate only, separates out as a soft 
powder, which remains suspended in the water for some time, 
and can fairly easily be removed from the boiler oxi cleaning ; 
whilst calcium sulphate as formed in the boiler separates out in a 
crystalline form, and binds the deposit into a hard mass, 90 hard 
in fact that it requires the aid of a chisel and hammer to detach 
it from the plates and tubes, an operation which is extremely 
injurioui, and tends to shorten the life of the boiler. 

Calctnm sulphate is much more soluble in a saline solution 
siTch at seawater than it is in fresh water, but its solubility rapidly 
decreases (x) on concentration of the saline solution, and (2) with 
increase of temperature and pressure. 

Sea water havirm a density of 1 ‘O37 was evaporated, and 
analyses made at different densities with the following results;— 

Sa/ittf ptr 

Daouty ... J'039 s’bs x‘oo i-aas 

Sodic chloride 2*6521 4*4301 7*9563 23*8689 

Calcic sulphate ... 0*1305 0 2175 0*3915 none 

Calcic carbonate ... 0 0103 0*0171 none none 

Magneslc carbonate ... 0*0065 0*0033 none none 

Magnesic chloride ... 0-2330 0-3865 0*6960 3-0880 

Magnesk sulphate ... 0*1890 0*3150 0*5670 17010 

So riiat on concentrating sea water at ordinary atmospheric 
pressure, three distinct stages may be traced 
ft) D^sition of basic magnesic carbonate ; 

(2) Deposition of calcic carbonate with remaining traces of 
the basic magnesic carbonate and hydrate ; and, finally, 

(3} Deposhion of the calcic sulphate. 

If the sea water be heated and concentrated [above a density 
of J *235, the salt commences to (^tallise out. 

These experiments show that if sea water be boiled merely 
under atmospheric conditions, it would he quite possible, by 
taking care that its density does not rise above a certain point 
f I *09) to prevent the de^ition of the calcium sulphate; but 
any such regulation of density is rendered abortive by the fact 
that pressure and consequent raising of the boiling-point acts 
upon the calcium sulphate in solution in exactly the same way 
as conceotmtion, os it is found that this substance is perfectly 
insoluble In ekher sea or fresh water at a temperature of 150*’ C. 
Tn the present high-pressure boilers, even it the sea water be 
mixed with a hundred times its vpluoie of distilled water, so as 
to reduce its density very low, deposition of calcium sulphate 
still occurs. 

Analyses of several specimens of deposits from boilers where 
sea water was used, showed that in all cases there were two dis- 
tinct layets^it) a hard crystalline deposit on the sides of the 
tubes, consisting of neatly pure calcium sulphate in the form of 
^'anl^drite*' ; (#) a softer portion resembling alabaster in the 
hiteriot; oonsiating of calcium sulphatOi with about 6 per cent, 
of magnesk hydme. ' 

the presence of magnesic hydrate in boiler deposits Is sup- 
posed to be due to the mutual decamposiclon of water and mag< 
nealc chloride^ l«tc7 experiments have shown, however, that 
when ttMmnesic chloride and calcium carbonate mutually react 
upon evem other, sdlable cUlcidm chloride and magnesium 
hydrate are formed ; this explains why calcium carbonate is 


never found, except in very small quantities in marine boHev 

*^hcn distilled water only is used, a slight coatkg is fomed, 
practically consisting only of organic matter, whilst if at any 
time through a break-down in the distilling apparapts ^ 
is mixed with the distilled water, a thin and very J***^^®*^ 
calcic sulphate is fr)rmed. An lincmstation of this character 
gave on analysis 


Calcic sulphate 

M a^esic hydrate 

Sodic chloride 

Silica 


Copper carlxjnate 
Oxides of iron and alumina 

Or;ganic matter 

Moisture 


90*84 

0-75 

*1* 

085 

rn 

0*34 


100*00 

This scale is of great interest from the presence in it of the 
.carbonate of copper. It is well known tnat distilled water has 
a far greater solvent effect upon metals than a water containing 
salts in solution, and it is quite conceivable that the distilled 
water from the surface condensers attacks the brass and copper 
tubes and fittings, and deposits the copper on the tubes of the 
boiler, although in only small quantities ; and it is interesting to 
note that the green spots due to the presence of the copper are 
all on the under side of the scale — that is, in contact with the 
metal of the boiler tubes, showing that in all probability it hod 
been deposited, as suggested, from the water in the boiler, and 
in contact with the iron would set up local galvanic action and 
tend to produce pitting. 

The importance of preventing boiler incrustation, and there^ 
saving the enormous waste of fuel and injury which it entailn, 
ha.s not been without influence on the minds of inventors, tnd 
almost every conceivable substance, from potato-parings to com- 

J )iex chemical reagents, have from time to time been patented 
or this purpose, but have failed more or less for marine boilers, 
because either they have had an injurious effect up^m the metal 
of the plates, or else have produced an enormous oulk of loose 
deposit, which, although easily cleaned out if the various parts 
of the boiler were accessible, and if it were only being used 
intermittently, yet in a marine boiler continuously working, 
rapidly chokes the portions between the tubes. 

For these reasons, no treatment of the sea water in the boilers 
themselves is practically possible, and with high-pressure tubular 
marine boilers the water must be either condenser water, made 
up to the required bulk with distilled water, as is at present done, 
or else the condenser water must be augmented by sea watdr 
specially prepared for the purpose in a separate apparatus before 
bei^ supplied to the boilers. 

ir the enmnes of a vessel are in good condition, she will 
approximated require x ton of water per 1000 horse power ppr 
twenty-four hours, to make up the volume of the condemn 
water to the amount required for the boilers, so that, even sup- 
posing the engines not to be in good order, and considetame 
waste to take place, xo tons per diem would be an ouislda 
allowaDce fur even very large vessels. To obtain thU amount 
of treated sea water the author proposes an arnmgemeiit, frdl 
details and diagram being given in the original paper. 

The sea water, containing 40 pounds of soda crystals to the 
i ton is heated up under pressure in a separate apparatus by passing 
through tlm solution superheated steam. Under these oondhiods 
the precipitated mixture of calcium and magneaiiim oarbroates 
becomes very deww and settles very quickly. The water h th4n 
forced through filtering frames into the not well of the bolkr 
and is then ready for use. The whole process b effective apd 
rapid, and simple arrangetuei^ are made for fiushing out the 
apparatus, after each batch of water. 


ami^sRsirY and educational 
INTELLIGENCE. 

CAMBiUDox.^The codnes of science tectures this tdrm aik 
num^us as nsoaU bdt jnesent fe«r aotewortl^ fimlnrei. Jilri 
Gardiner givea a geimnd oourse of Botany, while Mr, 
is conducong tlk oott^ of Ekmentaty Biology (IWm 
l^res ArehmologWl ^ 

Room.. Pr»rhfacalbterb lecturing MUtoty of 
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» mbject on which a brief voiuBie from hk pen would 
be very acceptable. Prof. F<>?ter'« course U on the Physiology 
Ctf ihe thtt term. 

A^mong tlitt numerous courses of demonstrations in the Caven^ 
diAi Lavatory we may note those of Mr. Wilberforce on 
Dynoino^Electric Machines (Alternating Current Generators and 
Trons^cirmers}. 

Two lectures will be given in the Literary Schools on June 4, 
ohd June S at ;2. 15 p.m,, by Dr. Ftoncis Warner, on the Study 
of Mental Action and the Classification of Pupils according to 
their Brain Power. 

LoKDON.^The following appointments of Examiners in 
various branches of Science in the University of London were 
made on Wednesday, Apil 24 Prof. Hll! and Dr, I^rmor as 
Examiners in Mathematics and Natural Philosophy ; Prof. FUz-‘ 
Gerald and Mr. Glazebrook as Examiners in ExpeHmental 
Philosophy ; Or. Pole aod Sir John Stainer as ExaminerB in 
Music ; Prof. Tilden as Examiner in Chemistry ; *Prof. H. E. 
Armstrong, F.E.S., os Examiner in Chemistry ; Prof. Bower and 
Prof. Ward os Examiners in Botany and Veg^able Physiology ; 
Mr. Sedgwick as Examiner in Comparanve Anatomy and 
Zoology; * Sydney J. Hickson as Examiner in Comparative 
Anatomy and /oology ; Prof. Boyd Dawkins as Examiner in 
Geology and Palaeontology ; *Prof. Charles Lapworth, F,R.S., 
as Examiner in Geology and Paleontology, The asterisks denote 
new appointments. The gentlemen to whose names no asterisks 
are prebxed held the same appointments last year. 


SCIENTIFIC SERIALS. 

Afntrkan Journal of ScUnci^ April,— Contributions to 
meteorology, by Elios Loomis. In this paper, which was read 
before the National Academy of Sciences, November 14, 188S, 
the chief subjects discussed are the relations of rain areas to 
areas of high and low pressure. From these studies it appears 

S eneratly uiat no great barometric depression with steep gra- 
tenU ever occurs without considerable rain ; that in great 
rain'Stonns the barometric pressure usually diminishes while the 
rainfall increases ; that the greatest depression of the barometer 
generally occurs about twelve hours after the greatest rainfall ; 
that a great rainfall is favourable to a rapid progress of the 
centre of least pressure. It also appears that in Great Britain 
the amount of rain with a falling barometer is twice that with a 
rising barometer; but this ratio diminishes rapidly eastwards, 
the precipitation in Central Europe being greater when the 
barometer is rising than when it is fklling. — The sensitive flame 
Os a means of researcli, by W. Le Conte Stevens. These ex* 
p^iments, which take as their starting-point Lord Rayleigh's 
memoir on ''Diffraction of Sound ''(Proceedings of theK. Instuu- 
tion, January ao, 1888}, tend to show that the sensitive Aame 
is not applicable for purposes of exact measurement, though it 
is mu(di more nearly so than has been generally supposed. 
Without its aid ic w'ould have been impossibfe to establish the 
important analogies here shown to exist between light and 
— ^The Denver Tertiary formation, by Whitman Cross. 
In this paper a succinct account is given of the newly determined 
Ter^rr formation about the Denver district, Colorado, which 
hod hitherto been assi^ed to the Laramie Cretaceous. Although 
of limited geogmphicaTextent, this formation possesses features of 
Special importance in several respects. The vertebrate remains 
here occurring present some very remarkable associations, which 
^pttor to hem direct confttet with all past observations.— Events 
in North Aotencon Cretaceous history illustrated in the Arkonsos- 
Te^ai division pf> the south-western region of the United States, 
by/RLobert T. HilL Here are etnMied the results of the 
onthot^s investigation of the stratlgralihic and palseontological 
cortdiijoiis in the northern and eart^n terminatioa of the Texas 
Cretaceous, Whii^ arebrought into relation with the corresponding 
R>rn)Afion$ in the Gulf and Western States.— The distrilmtion of 
phosphort^a ip the Ltiiddinglon Mine, Iron Mountain, Michigan, 
Browne^ Tha »*^Us ore here given of some 3000 
of ore from the Luddliurton mode tkriug the 
jksfc fhhse jkors by the ostHor whue acting ns demist to the 
.Mwerkah. Kining Cotnpany. Although no generttUmtions 
01^ wMk Jbesc analyses tend to throw much Jight on one 
’ dimdt problems In the chemistry of Iron ore— the 

, . throughout the vek> of Bessemer oire» end its 
te the of tjw rhlpothi^Faiters were con- 

{ ^ K OD a lomml method for deicrmmiog 


the secondary chromatic aberration for a double telescope 
objective, with a description of a telescope sensibly free from 
this defect ; by G. Baur, on Palacohatteria, Credner, and the 
Proganosauria ; and by O. C. Marsh, on some new American 
Dinosauria, with a comparison of the principal forms of the 
Dinosauria of Europe and America. 

SH/Zetin de VAcadlntie RoyaU dc B&tgique^ March.— On the 
discovery of some fossil remains of inammaU anterior to the 
diluvium at Ixelles near Brussels, by Michael Mourlon, These 
deposits, brought to light in August 18S8, were all found at a 
lower level than that of the rolled Quaternary gravels, and at 
Komc points were overlain by several beds of undisturbed shingle. 
J'hey include remains of the cave bear, of EUphas antiquus^ of 
Bison ptisrus^ Bos primigenius^ the hare, Equus cabalius^ and a 
smaller eqaine species here described under the name of Equus 
tnUrmrdius, altogether forty four individuals, representing five 
known and four not yet determined species, and presenung a 
general resemblanoe to the mammalian fauna of the English 
forest-bed.— On the physical properties of the free surface layer 
of a fluid, and on the contact layer of a fluid and a solid, by G. 
Van der Mensbruggbe. The experiments here described lead to 
results opposed to the capillary tneories of Laplace and Poisson ; 
they further show that the theory of Gauss is intimately asso- 
ciated with the surface tension of fluids, one leading inevitably to 
the other, and conBrmiog the author’s previous conclusion that 
the demonstrated existence of tension justifies the theory of 
Gauss. — Note on a theory of the secular variation of terrestrial 
magnetism deduced from experimental data, by Ch. Lagrange. 
Several arguments are advanced in support of the author's new 
hypothesis that the secular magnetism of the earth is doe to a 
magnetic potential interior and not exterior to the surface of the 
globe. The soUd globe itself is thus regarded os a magnet, or a 
solenoid — that is, as a body properly so called, or as a 

conductor traversed by circular currents. — A paper is contributed 
by P. De Keen on the determination of the ineoretic formula 
expressing the variations of volume experienced by mercury^ wUh 
the changes of temperature. 

Rondiconti del Reale Isiituto Lomltardo^ March 28.— Influence 
of the digestive juices on the virus of tetanus, by Prof. G. 
SormanL A series of experiments are described, which the 
author has canied out on rabbits, guinea-pigs, rats, and dogs, 
from which are drawn the following conclusions *. (t) the flesh ot 
animals dying of tetanu*! may be consumed with impunity ; (2) 
the bacillus of tetanus swallowed by carnivorous and herbivorous 
animals passes through the system without causit^ death or any 
special disturbance ; (3) the gastric juices of herbivorous animals 
neither kill, nor diminish the virulence of, the bacillus ; 14) an 
animal may with impunity swallow a quantity of the virus ten 
thousand times more than would suffice to kill if introduced by 
hypodermic inoculation ; (5) ^the facts here determined throw 
some doubt on the accepted theory that the effects of tetanus are 
due to the absorption of poisonous alkaloids derived from the 
bacillas. — G. Somigliana contributes a paper on diflerential 
parameters, explaining a process by which they may be formed, 
and demonstrating the invariability of those of the first order. 
Certain relations, either new or more general than those hitherto 
studied, are also established between the parameters of the first 
and Second orders. 


SOCIETIES AND ACADEMIES. 

Lonik>h. 

Royal Society, April 4. — “The Ferment Action nt 
Bacteria.” By T. Lauder Brunton, M.D,, F.R.S., and A. 
Macfadyen, M.D,, B.Sc. 

The chief objects of this research were, (A) to discover 
whether microbes act on the soil upon which they grow 
by mean* of a ferment ; and (B) whether such a ferment can 
be isolated, and its action demonstrated on albuminoid ^latino 
and carbohydrates, apart from the luicrobes which produce it, 
in the same way that the ferments of the stomach and pancreas 
cart be obtained apart from the cells by which they were 
origtiudly secreted. 

The microbes uaed were ICocli's spirillum, Finkler's spirillum, 
a putrefactive micrococcus, scurf bacillus, and Welford milk 
baciUus (l&lein); , 

The remits of the inquity were as follows 

(1) The bartcrU which liquefy gelatine do so by means of an 
enryme* 
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,(») This eqzyme catt be isolated, and its peptonizing action 
4iSRU>n8itnit&d, apart from the microbes which produce it. 

' f3) The most active enzyme i$ that formed in meat l^roih. 

(4) Acidity hinders, alkalinity favours, its action. 

^5} The bm^teria which form a peptonizing enzyme on proteid 
soil can also produce a Uiastatic euzyme on carbohydrate soil. 

. (6) The action of the diastatic enzyme con be demonstrated 
ajpait from the microbes which produce it. 

, (7) The diaatatic enzyme ha» no effect ou gelatine, and r/*Vif 
V€rxi, 

(d) The microbes, for purposes of nutiition, can ‘form a 
ferment adapted lo the ^oil in which ibcy grow. I 

{9) The putrefactive micrococcus gave negative results. ; 

Lhinean Society, April i8. — Mr. Carruthers, F.R.S., | 
Freaid^t, in the chair. — In view Of the approaching anniveniary j 
meeting, the following wei*e appointed auditors ;~For the Coun* 
ciJ, Pr. John Anderson and Mr. Jenner Weir ; for the Fellows, j 
iSlr. T. Christy and Mr. D. Morris. -—The President called at- j 
tendon to a vcduable donation of books on fishes, including the ‘ 
Celeinrated work of BIocl>, recently presented to the Society’s | 
library by Mr. Francis pay, who, he regretted to say, was lying 
aerioQsly ill at Cheltenham ; upon which a cordial vote of sym- ; 
pathy and thanks was unanimously accorded, — Mr. J. R. Jack- 1 
son, Curator of the Museum, Kew Gardens, exhibited apeci- ' 
mens UlastrathTg the mode of culleciing at Ichsng, China, the I 
varnish obtained from vnmuifera^ so largely used by the , 
Chinese and Japanese for lacquering, lie also exhibited some | 
Chinese candles made from varnish seed-oil. —On behalf of Mr. i 
Henry Hinton, of Kimberley, some photograph# were cxlubitcd, ' 
Showing the singular parasitic growth of Cuscuta appctnUatlata , 
on Nk&H<Xfia glaucu^ — Dr. Cogswell exhibited specimens of 1 
vegetables belonging to four different fn mi lies of plants, to illus- , 
trate the symmetrical develojiment of lootlets.^ — Prof. Martin ■ 
Dancan exhibited, under the microscope, and made remarks | 
upon, the sphi^Hdiu of an Kchinode™. — Dr. Masters gave a I 
summary of a paper on the comparative morphology and life- j 
history of the Coniferse, a review of the general morphology of ! 
the order based upon the comparative examination of living 
fiieeimens in various stages of development. These ohserva- I 
tion*, made in various public and private “pineta," supple- I 
mehled by an examination of herbarium Pi.>eciraens, demon- , 
strut ed the utility of gardens in aid of botanical research. The 
atotie of germination, the polymorphic foliage, its isolation i>r ; 
“ concrescence, '* its internni structure, the arrangements of die ! 
hu^, the direction and movements of the shoots, were all ; 
discusmed^ In reference to (he male and female (lowers, the > 
author deecribed their true nature, tracing them from iheir | 
simplest to their most complex or most higlily differentiated 
condition ; and showed that, so far as known, the histological | 
structure and development were essentialiy the same throughout j 
the order. Various special forms, suCh as the needles of Pinns^ j 
the phylloid shoots of Hiuniopitys^ and the seed scales of ! 
AUttineiX^ were deiocriljcd, and their significance pointed out. 1 
The phenomenon of enation with the correlative inversion of I 
I he vascular bundles in such outgrowths was considered in 

relation to (he light it throwii uix>n certain contested points in 
the morphology of the order ; the chief tenitological appear- 
ances noted in the order were detailed, and their signthconce dis- 
cussed ; the various modiheuLions were shown to be purely 
hereditary or partly adaptive, and dependent on permanent or 
intermittent arrest, excess, or pervcnsion of growth and deve- 
lopment, and to various correlative changes ; K^tly, the poly- 
mori?hic forms of the so-called genus RHirnfftpora^ suggested 
that in studying them we might be Watching the development ! 
and fixation of new specific tyi>cs. | 

Chetnical Society, April 4.— Dr, W, J, Russell, F.R.S., 
President, in the chair.— The following iMpert were read i— ’ 
The roie of dissolution of metals in adds, by Mr. V, H. Veley. 
'fhe dissolution of copper in a solution of potassium bichromate 
acidified with sulphuric acid was Investigated as affording a case 
in which no gas was evolved as such. The copper wo* 
employed in the form of metallic spheres which by various 
mechanical devices were rolled about continuously and r^ulariy 
in the acid liquid, and the products of the changes oomiauously 
removed from the imtnediate ueighbourbood of the metal. The 
aumr findft (») that if the temperature be varied between 
and 41^ in an arithmetical p^poriUm the amount of chmii^al 
aainn varies in a g^elricw is^»0rtion ; (a) that il the 
amount of sxtlphuric acid be varied in an arithmetical proportion 


between the limits of 41 3 and d3*5 girommes per litre, the anwant 
of change also varies in an arithmetical proportion y and (3) 
that the amount of change is at first considerahly increased ny 
increase of jwoportion of potassium bichromate, hut the enfect 
afterwards giauually diminishes to ««'/, at which point the 
bichromate can be considered to ’be so much inert material r 
the amounts used varied from 22*1 to 66*3 grammes per litre*— 
Note on the interaction of noetaU and acids, by P(of. H. K 
Armstrong' When a meral forming an element in a voltaic 
couple is disRolve<l, the rate of dissolution is in accoVdaoce with 
Ohm’s law, C “ E/R ; and this should apply also to ll^ case in 
which a metal is dii^soWed without any precaution being takers 
to arrange it as an element of a couple, as the action is con- 
ditioned by the formation of, and takes place within, ** locali 
circuits." The changes attending the dissolution of metals may> 
therefore, in a certain sense he said to be purely electrical in the 
first inslance ; yet within recent years it has Ijoen argued by 
various cheroUts that the phenomena are only in part eled^ical 
and in part chemical — whatever this may meant The author 
discussed the various phases of such chani^es, and criticized the 
conclusions arrived at by Spring and Aubel and others. 
Referring to Mr. Ve!ey’seKi>erimenta Prof. Armstrong expres^f 
the opinion that the results were in no way commensurate with 
the labour expended in obtaining them : although by introduc- 
ing bichromate polarization by hydrogen had been f>revented, 
its use had introduced complications which made the analy»i«i of 
the results impossible; in fact the information likely to he 
obtaincil from such experiments was not of the kind required in 
(he preKent state of chemical science. Thus the proof obtained 
that u copper sphere dissolved uniformly in a mixture ol 
sulphuric acid and bichromate was but a proof of the efficiency 
of the stirring .apparatus : such would net^ssarily be the case, 
the values of K and R remained almost unchanged throughout 
the cxi>eriment owing to the relatively small proportion of the 
ajgenu used iip. In inc course of his reply Mr, Veley mentioned 
that he had had occasion to verify Dr. KUiseirs observation that 
silver is not dissolved by nitric acid free from nitrous acid, to 
which reference had been made, and stated that in experlnienta 
with copper and nit4'ic acid he had oiiserved that the action took 
place at first more slowly, and only attained a maximum rato 
when a certain small amount of nitrate was formed. Prof 
Armstrong remarked that this was a really important observa- 
tion, proving that the dissolution of copper in nitric acid was 
dependent on the presence of a ihitd substance — perhaps cupric 
nitrate. — A zinc mineral from a blast furnace, by Mr. J. T. 
Cundail. 

Zoological Society, April 39. -- Sixtieth Anniversary 
Meeting.— Prof. Mower, CB., F.R.S., President, in the chair, 

— In the Report of the Council on the procecdhigs of the Society 
during the year 188S, it was stated that the number of FeUowa 
on January i, i88y, wms 3076, showing a decrease of twenty- 
eight as cotnpareil with the corresponding period in i®B8, Tntr 
total receipts for 1888 had amounted to 424,025 lof. 84 , ehoty- 
ing an increase of 4922 15^. 2iaf., as compared with the previow 
year. The receipts from admissions m the Gardens hod 
from 4 ^ 1 2k 1 5^ 4 i 3 »^ 4 - The ordinary expenditure for 

had been 4^1,439 i 6 .r. 44, which was 42436 le^s than the 
corresimndmg amount for 1887. liesides this, an extraordinary 
expenditure of 47<^ bad been incurredu which had brought 
the total expemliture for the year to 4 * 2 «*- 19 « The sum oT 
41000 had been employed in repayment of a temporary loaa 
from the bankers, and a further sam of 4(000 had been devoted 
to the diminution bv that amount of the debt on the Society V 
freehold premiocit, which now stood at 47 «»o# After dedhetW 
these payments from the income of 1888, and adding . tS 
it the balance of £11 brought overiirom the previous year,, 
a balance of 41043 was carried forward for the benefit 
of the presom year. The usual scientific meetings hwl- 
been held during the mmn of 1888, and a large number df 
I valuable commuipcations had been received npoh every broh^ 
of zoology. These hod bpen {mbliahcd in the annuHl volume of 
Froceedmgtt for rSfiS, which contained 717 pmres SllaattWeA 
by thirty-two plates. Besides thii, Fan 7 ol the twelfth voltu^ ’ 
of the Society’s quarto Tranoactiono, itiuMtrated by eight ^eOL 
had been issued. The vokme of the Zoological Keeoro^ftd!' 
1888, containing a summary of the work done ^ BrhMi 0^ 
foreign zoologists in 1887,. had been issued early & the iHmikht 
year. It hod been edited by M[r. F. E, BeddOrd, the ;Fin«fep^ 
tor to the Society* An important event in eoAntahm ; 

Library dunfig the past }em had been the receipt 
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the late Cornetyt widow of xh& Ute M. 

Jt >1. C<^n»^ly* «m old and valued corresponding member of the 
Sodie!^, of a valuable lihraty of zoological booloi. The Corndly 
l^raiy qomdAted of about 840 volumes, of which 256 were new 
to the Society V library, and many 0/ thetiC were rare and difll* 
dlhi of acquisition. In the (hardens in Regent’s Fdok, the work 
duHr^ the past year had iwen entirely confine^l to repairs and 
renewals, which, however, had kept the staff of workmen busily 
engaged* The visitors to the Gard«n<i during the year 18S8 had 
Wd) alfogqtber 608,402, the corre^onding number in 1S87 
having been 562,898. The number of animaU in the Society’s 
collection on Decetnbor 31 last was 2290, of which 666 were 
1280 Birds, and 314 Reptiles. Amongst the additions 
dutinff the post 5 ear nine were sj>ecially commonied upon a? of 
rental able interest, and in most casea representing species new 
to the Society’s collection. Almut thirty-one species of Mammals, 
seventeen of Bird's, and tw'o of Reptiles bad bred in the Society’s 
Gardens during the summer of 1888.— 'Htc Report having been 
adlcq.tted« the meeting proceeded to elect the new members of 
Council and the officers for the ensuing year. The usual 
ballot having been taken, it was announced that Lieut. -Colonel 
the 2 . Orel Abinger, C.B., Mr. Henry A. Bwssey, Mr. Henry 
X, Pressor, Lveut.-Gonnral Sir If. B. Lumsden, K.C.S.L, and 
the -Lord Arthur Rusaell, had been elected into (he Council in 
place of the retiring members ; aUo that Mr. Walter Morrison, 
M,P. , elected into the Council since the last anniversary, bad 
l>cen re-elected in place of the late Sutgcon-Gencral L. C. 
Stewart (deceasetl) ; and that Prof, Flower, C. B., F, U.S., had 
been re-elected President ; Mr* Charles Drummond, Treasurer ; 
nnd Mr, Philip Luiley Sclater, F.K.S., Secretary to the Society 
for the ensuing year, 

Paris. 

Academy of Sciences, April 15.— M, Des Cloizeaux, 
President, in the chair. — Researches on the thionic ‘leries, by M. 
Berthclot. The author describes a new method recently discovered 
by him, by means of which he has succeeded in meaHuring the 
heat of formation of nearly all the terms in the thionic seric^ 
such as the dithionic, trithionic, tetralhionic, and pentathlonic 
acida. The method consists in oxidizing the salts of the thionic 
acida, previously dissolved, by means of bromine dissolved 
either in water, or, better, lo bromide of poiaarium. For adds 
formed by the union of the same clement combined in multiple 
proportions of oxygen there i)» in most cases a certain proportion 
between the liberated heat and the combined oxygen, a law 
already indicated by Pulong. — fCxperiments on putrefaction and 
oa the formation of manures, by M* J. Reisel* Detailed de^ 
•crlptions arc |;iven of the critical experiments briefly referred lo 
by the author in his recent communication on this subject. He 
also deals with a serious objection that has been raised against 
his general' conclusion regarding tlie liberation of nitrogen during 
the procesa of putrefactioji, — Movement of cyclonic storms in the 
various regloitf of the globe, by M. H. Faye. A general survey 
ii fS}V^n of the salient featurea of the)«c phenomena in the North 
Atlantic, the Bay of Bengal, the Arabian Sea, the Indian Ocean, 
the China $tea, and Japan waters— that is, in the regions where 
they have been moat carefully studied. The autbor insists on 
t)i« essential identity of all their main characteristics ; everywhere 
the sa«ne rapid trajectory from the equator towatds one or other 
of the poler; the same manner of oration narrowing towards the 
base round about vertical axes ; the same progressive expansion 
frequently developing phenomena of varied segmentation far 
from the equator ; the same bdependence of lociu climatic con> 
dUibns potntine to their common origin in the upper atmospheric 
restaw, and snow^ that these mlent dbturbances do not 
beumg aaobaively to the science of meteorology., but are the 
gtaodeit terrestrial manifretarioas of the iDechanics of duids, 
acUrigt in ponformity with the simple theory already, on 
.teVMl ocdiSlottS, announced by the auriior.^'-^^CMMervations 
^ Batnatd^s new comet, March 31, bade at the Observatory 
of the 0*50 teltecope br the period April 

4-^tn, l)y ICM. Tr^pied^ |Lambaud« and Kenaua,— On the 
iqiMftc heal of «ea water at difthrem; degrees of dilution and 
by MM. Thbulet aiid ‘Chevattier. , The measure^ 
heat has Wn executed according to M. 
Bei^ebt^a merited with water t^dna on tha fdeamp coast, 
pttse^ soinetbete wUh added, and 

by evaporiitloh^ the determbarion both 
woperfftc heats ritais at the 
of iy**S C, Tfio orllculiMiWw hare worited m 
reeroeemaMuaiMa 


the climates of the globe.— ^On the intensity of telephonic effects, 
by M. E, Mercadier. In continuation of his previous note 
{Compiex rfndus^ cviii, p. 737) the author here describes his 
further experiments with aluminium and copper diaphragms. 
The effrcis produced with these are found, under like conditions, 
to be far less intense than with iron diaphragms, the chief 
cause of the difference being the very slight specific magnetism 
of the former as compared with the fatter. On the other hand, 
the ipiaHty of the effects produtred by the aluminium and copper 
diaphragms is very remarkable, as they give the timbre of 
sounds and of articulate speech far belter than iron, — Researches 
on some new metallic sulphides, by MM. Arm. Gautier and 
L, Hallopeau. In continuation of the already described studies 
{Cftm^Us rendns^ evii. p. 911) on the action of carbon-tli 
sulphide on the Argillaceous earths, the authors have been 
led to examine its action on various metals at a red heat. 
I'be sulphides thus produced include those of iron, manganese, 
and the silicate of manganese described in Ihia paper, and 
of nickel, chromium, lead, and aluminium, which are reserved 
for a future communication. — On the beat of combustion of 
some organic substances, by M. Ossipoff. The autbor has 
undertaken a series of experiments for the purpose of determin- 
ing the heats of combustion of certain organic bodies not yet 
studied from the thermic standpoint. He has already com- 
pleted the study of cinnamic, atropic, and terebic acids, all 
of which are described in the present paper. — Bacteriological 
researches on the disinfection of hospitals, dwellings, &c., by 
gaseous substances, and especially by sulphurous acid, by MM. 
H. Dubief and I.Bruhl. From these experiments it appears 
that gaseous sulphurous acid has a destructive effect on germs 
contained in the air, especially when saturated by the vapour of 
water ; that it ac's mainly on the germs of bacteria, and that 
when employed in the pure state for a prolonged period it may 
prove fatal to germs even in the dry state. 

April 23, — M. Des Cloizeaux, Fresident, in the chair. — On 
the theory of ibo capture of periodical comets, by M. F. 
TUserand. The object of thU paper is to supply a rigorous 
proof of the theory, based on Laplace’s study of LexelFs comet, 
that the influence of Jupiter, acting on a comet with parabolical 
orbit, may under certain conditions transform its course to an 
elliptical orbit analogous to those of the group of periodical 
comets. Some of the formulas here work c* I out agree very well 
for two of Tempers comets and for that of Vico ; but full details 
are reserved for the next issue of the Bulletin Astronomiqm . — 
Memoir on the ravages caused to agriculture by the cockchafer 
and its larva, by M. J. Keiset. The results are -described of the 
measures that have been taken in France for the destruction of 
this pest since the year 1866. A detailed account is appended 
of iu remarkable bjoh^ical transformations, and instances given 
of its surOTising vitality, survivistg complete immersion in water 
for over four days, and when buned to a depth of o‘^ moire in 
the earth remaining in a state of suspended animation for 150 
days* — Observations of Barnard’s new comet, March 31, made at 
the Observato^ of Paris (equatorial of the east tower), on April 
19, by Mdlle* £)* KJumpke ; at the same Observatory (equatorial 
of the west lower), on April 18-19, By M, G. Bigourdnn ; and 
at the Observation of Bordeaux with the 38 cm. equatorial, on 
April 20, by M, G. Rayet. During these observations the comet 
generally presented the appearance of a slight nebula with a 
nucleus of the fourteenth magnitude. — On magnetic .rotatory 

g olarization, by M. Vaschy. It is shown that M. Fojtyfa recent 
ypothesis {Cfmpa rendus, March ix, 1889) on of 

the ether on ^nderable matter offers a remarkably 'tipple ex- 
planation of Uiie phttnomenoa. Ou the other Jtettdi U tends no 
sup^rt to Am^re’a theory regarding molecuUr currents.— Oa 
the initial mode of deformation of the ellipsoidal crust of the 
earths by M. A. Romieux. M. Daubrde^s well-known experi- 
ments serve os the basis of a theory of the original crumpling 
and folding ^of the terrestrial enut, which is here worked out 
with lUvsteations, M. Eotnieua considers that, although now 
far removed from that initial deformation, the globe still retains 
many traces bf its effects as here described. Thus, riie Pacific 
Ocean, Or vaat and very ancient equatorial bario. acting in op- 
posidoa to a continental mass with Its tpote recent detpresrion of 
the Central Medkemmeani U supposed, to have impelled hy sue* 
c^ve fl^mstpodic pressures three or four eonesof folding against 
the reriitfrig mass of the North Foie.— On the comblalUons of 
rothentem #ilh nitric OKjide. by M. Joly. Continaing; bis 
inveathterions on thk autdect (see i-endu^, cv^. p. 

904h m Airihor here adds a coosidetabte number to &e 
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odinpoundft of ruthenium with nitric oxMe. They comprise « 
cotv^oufid of nitric oxide with the trichldride* RuC!^(nO) + 
HjO* and with the #e$quioxirte, Ru,Oj(NO)i[ + 2H^O, both 
remarkably atnble bodies, resisting the action of water, of 
bases and acids, and decomtwsing only a» a temperat‘^re 
al>ove 300** C, It is suggested that analogous nitrous com- 
binations might be formea with rhodium, and with osmium. 
Xn a fntare communication M. Joly proposes to show that 
the substances described by Fritsche ancf Struve, under ihc 
natnefi of osmanoamic or osmiamic acid and of osmiates, 
have a constitution similar to that of these compounds 
of rutheniutn* Researches on the richness of wheat in 
gluten, by MM. E. Gatellicr and L, UHote. A series of ex- 
periments are described by which the same wheat (white Victoria) 
is mtvde to yield increasing proportions of gluten. The increase 
}ar)(e1y depends on the rotation of crops and on the proportion of 
nitrogen to phosphoric acid contained in (he manures, — Papers 
were contributed by M* J* Janssen and Colonel Gouraud on Mr. 
Eton's improved tHephone, full details of which have already 
appeared in the English scientific journals, llie proceeding 
concluded with the following phonographic message sent by the 
Effluent to Mr. Edisem : M. Je Prtisident et les Membres de 
FAead^mie dee Sciences adressent leurs ftilicitations k M. Edison 
pour les nouveaux perfectionnementfl c]u^i! a apportes h son 
piboDOgrapbe, et esperent le voir bientc^t a Parts, h I’ocCasion de 
vExposition Universelle/’ 


Besun. 

Phy^ological Society, April la.^Prof. du Bois-Keymond, 
President, in the chair.-^Prof. Fritsch gave a brief account of 
the renitts he has obtained from the examination of the electrical 
organ of Torpedo which he has been carrying on for several 
years. Bi^h Wogner and Remak had correctly made out that 
each plate consists of two layers, one dorsal and one ventral ; 
that pe nerves are attached to the plate from the under side, and 
are distributed in branches over it ; and that the under surface 
of the plate is dotted. Vciy little further information as to the 
structure of this o^gan has resulted from the many investigations 
stdwequent to those of the above-named observers. Prof, Fritsch 
then plained and set aside the views of the best known ob- 
servers, and summed up his own conclusions as follows. Tbe 
lowest or marginal layer is composed of a layer, which is here 
and there discontinuous, of globules, which refract light very 
strongly ; between these the terminal fibres of the nerves make 
their way into the plate. The pallisade-layer, which some pre- 
vious obServers had described, has an exi'^tence in the form of a 
number of extremely fine filaments, which stand at right angles 
to the plate, but inasmuch as they are so fine as to be scarcely 
visible, nothing can for certain br made our as to their nature. 
Passing farther In a ventral direction, globular structures are 
foftiDd m the lower plate, seated upon fibres which branch 
dlchotomously ; these may perhaps be bulbous nerve -endings. 
Large nuclei He between the ventral and dorsal layers. The 
dorsal or muscular layer contains extremely fine granules, ar^ 
ranged in rows at right angles 10 the surface. Tbe above results 
were obtained by the application of the modified treatment with 
nitric acid. A series of photographs and drawings was ex- 
hibited ^explanation of that which was described, and several 
prettuiri^S Were shown under the microscope.— Prof. Preyer 
in the embryo. His researches extended over 
ttnimals. As representing Mammals, guinea* 
pigs wdHpp^y u«ed ; and for reptiles, snakes ; while In addition 
(he eihnl^s pf^tj^hes, frogs, molluaks, and other lower animals 
were also ejn^byed. But of all animals birds are most suitable 
for embryofogical observations, inasmuch as. with due precau- 
tinps, the development of one and the same individual can be 
followed for a Considerable time. Birda^ eggs can be incubated 
in a warm chamber, and by removing a portion of the shell 
and replacing it by an unbroken piece from another egg, it 
becomes possible to follow the daily development of the chick 
aii 4 to experiment upon il. As early as the ninetretb hour of 
incubation, spontaneous ^'impulsive movements may be ob- 
served, taking place , apparency without any external stimulus as 
a cause, and at h tiw when no muscles or nerves have as yet 
been developed. After the occurrence of these sbontaueous 
moven^nis* and at the earliest on the fifih day 'of kcubatlon, 
stiovement* are observed to rcault from the application of 
mechaifital, chemical, and efoctncal stimuH. In order to 
observe those the eggs must be allowed to cool down until , all 
fpOntanebus movements ha^e ceased. From tbe tenth to tbe 


thirteenth day more complicated and refle* actions ocewr oh (he 
application of stimuli, as, for instance, movements pf the 
lids, beak, end bmbs ; and if the stimuli are strong, reftex mpira*^ 
tory movement*--. These reflexes make their anpearance before 
any ganglia have become differentiated. Prof. Preyer considered 
himself justified in concluding from this that ganglia are not 
essential for the liberation 01 reflex actions* He intends, on 
some future occasion, to give a more detailed account of theSe 
experiments, and of the conclusions which may be drawn frdtn 
them. In the discussion which ensued the conclusions of the 
speaker were contested from many sides. 
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TH^ ESTATE OF HER MAJESTY^S 
COMMISSIONERS OF 1851. 

U NDER this heading the Times has announced 
that Sub^Conunittee of the Commissioners, 
amongst the members of which are Lord Thring, Sir Lyon 
Playfair, Mr. Childers, M.P., and Mr. Mundella, M.P,, 
held a meeting on Saturday last to adopt a final report 
upon the disposal of this Estate which should be sub- 
mitted for the approval of the Royal Commissioners them- 
selves,’* Tht Commissioners have determined to let out 
a considerable part of their Estate to house builders, and 
the Sub-Committee had before them, on Saturday last, 
tenders for building leases. If the Commissioners accept 
these tenders, they will add some ;^ro,ooo a year to their 
income. This notion of sacrificing the Estate to builders 
of private houses has been known for some months ; and, 
with the view of demonstrating against so short-sighted, 
not to say utterly immoral, a policy, a Memorial has been 
framed and circulated. We have received a copy of it, 
and, entirely acquiescing in its object, we print it in extenso. 
It runs as follows ; — 

To His Royal Highness the Prince of Wales ^ K.G.^ 

President of Her Majesty s Commissioners for the 
Exhibition of 1851. 

The Memorial from the undersigned chmUr *'of 

on behalf of„ , , ^ Corpomtian, (iuild or 

' Educattoiml Institution. 

Shewkth 

(i) That in the year 1851 a large surplus profit accrued 
after the conclusion of the Exhibition of 1851. 

(3) That this surplus profit was for the most part 
expwded by Her Majesty’s Commissioners for the Exhi- 
bition of 1851 in the ^rchase of a considerable Estate of 
land at Kensington, for the erection of public institutions, 
and generally to benefit the country's Arts, Sciences, 
Manufoctures, and Commerce. 

(3) That various public institutions, such as the South 
Kensington Museum, the Training School of Science and 
Art, the Natural History Museum, the Royal College of 
Music, the Royal Albert Hall, and the Imperial Institute, 
have oeen or are in course of being built upon this 
Estate. 

(4) That fine open spaces intervene between the various 
institutions, to provide for further extensions of them, and 
give them proper fight and air. 

(S) That Sir Lyon Playfair, M.P., as Sccretaiy to Her 
Majesty^s Commissioners, recently stated in the House of 
Commons that a large portion of these fine open spaces 
b^ween the public institutions already nametl was to be 
leased for the erecUotv of private houses and mansions. 

(6) That, in the opinion of Yqur Royal Highnesses 
Mefoorialists, this crowding upon the public institutions 
of private houses and mansions is adverse to the interests 
of Acts, Sciences, Maiiufitcttires, and Commerce, and 
foreign to the Intentiotts of Her Majesty^s Commissioners, 
pubholv announced, when they purchased the land, and 1 
also sur^tiently. 

Ihat, in the opinion of Your Royal Highness's 
MemoriaUtta^ fofo crowdjiiff upon the pubbe institutions 
to benefit Ans^ Sciences^ ]Nta]njufo6tufes, and Commerce, 
of jiriyate hobses and inotkeions is in confilct with the last 
aimmmeemem in respect ef the liitute of the 
Ewifo the, Prinoe Consort made 

«iy ymuttii qf bb 

: tioUr Mbiborildilti, , pny tb>t 

Vob, Xt—MOk 


Your Royal Highness, as President of Her MajestVs 
Commissioners, will prevent the public institutions on the 
Estate of Her Majesty's Commissioners from being 
crowded upon by private houses and mansions, and wUl 
induce Her Majesty’s Commiss' oners to preserve intact 
those unalloted portions of their Estate in order that they 
may be placed to the great public uses for which the 
Estate was destined by Her Majesty’s Commissioners and 
their President, Vour Royal Highness’s iliastrious fother, 
the lamented Prince Consort. 

The Times, commenting upon the effect of the Com- 
missioners* scheme for filling up their Estate with private 
houses, says that “ the irregular blocks of variegated private 
houses ” will more or less overwhelm and hedge in “ such 
National Institutions for Science and Art as the Estate 
may ultimately contain." 

From time to time the Commissioners' various pro- 
posals for dealing with their Estate have been publicly 
criticized, with the useful result that such of the pro- 
posals as were in the nature of distinct departures from 
the original intentions set forth at the time the Estate 
passed into their keeping, have been modified or 
dropped. 

Twelve years or so ago, some representatives of the 
original subscribers, whose aid in 1851 virtually placed a 
large portion of the surplus funds at the disposal of the 
Commissioners, urged that unallotted portions of the 
Estate should be sold to meet expenses in founding pro- 
vincial galleries or museums for science and art. For 
good reasons, the Commissioners did not give way to 
these plausible representations. They said at that time 
that, under the guidance of the Prince Consort, “ we 
purchased the esute to provide an extensive site for 
(he development of great institutions for the promotion 
of industrial art and science amongst the manufacturing 
population^' At this very time, and, as was stated in 
Nature of May 2, p. 3, the Commissioners proposed 
certain conditions to the Government, under which they 
(the Commissioners) would raise ^100,000 as a contri- 
bution towards erecting a Museum of Scientific Instru- 
ments, a Science Library, and Laboratories of Scientific 
Research and Instruction. This proposal, which was not 
entertained however by the Government of the day, con- 
tained provisions for keeping the main parts of the 
Estate free for the development of national Institutions. 
The reasons for keeping the main portions of the Estate 
at liberty in this way have since remained every whit as 
strong as they were then. Indeed they are stronger than 
ever, in the face of Government action now being taken 
in respect of the “ National Science ^ 

malign infiuence supervened. It was before 

Christmas last year, when Mr. G. asked a 

question in the House of Commoni^ that Sir Lyon 
Playfair stated that Her Majesty's Commissioners for 
the Exhibition of 1851 were arranging to dispose of 
considerable plots of land on their Estate to house 
builders, in order that the Commissioners might in- 
cvfUSLse thusiir income by obtaining ground-rents from 
in-ivate houses, and that the Commissioners did not 
intend td publish their reasons for this. Is Sir Lyon 
Ptayfoir'l assurance in thus apparently setting public 
opinion at defiance lo be ascribed to a sense of relief from 
further responaibility which he may have derived from his 
resignation of the secretary^ip to the Commissioners ? 

c 
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is no ambiguity in his statement as to the 
o^fOkifig up of the Kensington Estate with private houses 
mansions. The sites to be occupi^ by private 
nre bounded bn the north by the Albert Hall 
ail 4 adjoining semicircular arcades or quadrantS) 
ottf the east and west by portions of the gaUeries con- 
takung Uie Museum of Science and the India Museum, 
and on the south by the Imperial Institute* They 
form the gardens and terraces so well known to the 
public who flocked to the evening al fresco entertain- 
ments which were given in connection with the series 
of International Exhibitions recently held at South 
Kensington. The various public announcements issued 
by Her Majesty’s Commissioners during the last thirty- 
five years conclusively show that this land was acquired 
for more useful and comprehensive purposes than those 
of speculative house builders. 

Let us briefly refer to those announcements. On 
the close of the Exhibition of 1851, H,M. Commis- 
sioners found themselves the possessors of some fiooftoo* 
They were impressed with the fact that many public 
institutions founded to promote science and art had 
been subject to the disadvantages of being placed 
in such a situation from the crowding of surrounding 
houses that they were without light or air, and had no 
convenient access.'^ They therefore determined to pur- 
< chase a large estate of unoccupied land, and in 1852 
became the landlords of what has since l>een commonly 
known as the South Kensington Estate, For the ulti- 
mate use of this large property they proposed to trust to 
the ** voluntary efforts of individuals, corporations, and 
authorities, to carry out the promotion of the different 
interests wiUi which they are themselves connected/^ In 
their Keport for 1856, the Commissioners, alluding to 
** the question of the site that has been purchased by us/* 
show that, during the intervening years, “the great 
natural capabilities of the site have been properly deve- 
loped by means of the construction of important lines of 
communication and other improvements; and that we 
are still occupied in taking the remaining steps requisite 
for perfecting the estate, and rendering it in all respects 
fit for the grdat national objects to which it is to be 
applied.” Very shortly afterwards a large area of the 
Estate was leased to the Royal Horticultural Society. 
This was laid out as an ornamental garden surrounded 
by arcades and galleries* The late Prince Consort 
opened this garden in 1861. His Royal Highness 
^ txtade a speech on the occasion, in the course of which 
he said, ** We may hope that at no distant day this 
garden inner court of a vast quadrangle of 

Public rendered easily accessible by the broad 

roads whiclt will surround them, Buildings where Science 
and Art may find space for development, with that 
and air which are well-nigh banished from this 
metropolis." This was but six months 
before the death of the Prince* For some years 
the Prificc Consort's superior policy in, dealing with 
the E^aie was respected and followed by Her Majesty's 
ComeussionerB. The NaturaJ History Museum arose 
on the land at the south of the Horticultural Gardens. 
GaUaries were built above and at the side of the 
eaf up western arcades of the gardens; 

dtlw gpikmes were erected betrfeen these gardens and. 


the Natural History Museum. The Government secured 
a tenure of all these galleries as a temporary honw 
in which the Government has placed the National 
Science Museum^ the Collections of Historic Machinery^, 
the India Museum, and the Collections of Modem In- 
dustrial Art. On the far north of the Estate was built 
the Royal Albert Hall : then followed the Royal Cob 
lege of Music. Later still sprang up the Technological 
Schools of the City and Guilds of London Institute* But 
with all this steady realization of the Prince Consort's far- 
seeing policy the Commissioners were not satisfied. 
Pleading necessity to find money for defraying the 
expenses of certain not over- wise experiments undertaken 
by them, they began to let land on the margins of their 
Estate, for the erection of private dwellings. And the 
more prominent result of this is the beetling mass of 
mansions opposite Hyde Park, overshadowing the Albert 
Hall on one side, and frowning ominously upon the 
“ inner court of the vast quadrangle ” of the Estate. 
Then came the movement for an Imperial Institute. A 
great slice out of the “inner court^’ was allocated for 
this mysterious Institute, which is rapidly asserting its 
architectural entity. At this point in the development of 
the Estate, the Commissioners, it would seem, succumbed 
to the hopeless temptation of washing their hands of 
further trouble. And, as we have already stated, their 
prc-sent intention is to block up the remaining portion 
of the “inner court” with private bouses and mansions, 
and thus disencumber themselves of any responsibility 
for institutions for science and art. 

Now, an explanation, which has been offered, of 
this 7 wUe face on the part of the Commissioners 
is this. The subscriptions for the Imperial Institute 
are insufficient for its endowment* It must be re- 
membered that the Imperial Institute is the emteome 
of the “Jubilee” loyalty. The possible utility of this 
Institute has been debated without success. To lay the 
foundation-stone, and to pay for a staff of subacription- 
touters and what not, during two years, have exhausted 
some 2 5,000 of its capital, which does not reach ^£300,000. 
The ingenuity of Lord Thring and Sir Lyon Playfair has^ 
it is said, been accordingly taxed. Their united wits arb 
credited with having proposed the sale to private house 
builders of the unallotted land as well as of portions of 
land already occupied by galleries containing the Science 
Museum and India Museum. The money thus realized^ 
or most of it, is to go into the coffers of the Imp^ial 
Institute. Such are the statements made. If they w 
wrong, they should be contradicted. 

Another minor incident which further exemplifies the 
Commissioners' attitude is the projected removal of the 
monument raised twenty-five years ago on their estate to* 
commemorate the Exhibitiop of 1851* This monument, 
is surmounted by a statue of the late Prince. 

Consort. This toO is to be swept away to make room for 
private houses. 

WARmN DE, LA ROE. 

p, PROMINENT and representative figure has jnst 
^ disappeared from scientific cirelesy whose abse^ 
wifi be deeply felt bjf eminent men 

whom, for a fofng time^ he’ associated, lii 
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CounciU of our great Societies he was a man invaluable 
for hia inteUigeace, for his persevering energy, for his 
.promptness of resource, and for a generosity, princely, 
but discriminating. These words vvili at once suggest 
the regretted decease of Warren dc la Rue. At the age 
of seventy^fouT, he can hardly be said to have died full 
of years ; but assuredly Warren de la Rue died full of 
honours. He was almost, but happily not quite, the last 
of a generation or two, of men who, possessing ample 
pecuniary means in middle or early life, devoted the 
means and the life to the search for truth in Nature, 
each in his own line. The two Herschels, Wollaston, 
Babbage, Gassiot, Spottiswoode, and De la Rue are gone, 
and but few like to them still Survive, linking us with 
tlie past. ** Tlie old order changeth ; ** and now the 
endowed and professional student of Nature is fast 
displacing the amateur. Nor need we altogether deplore 
it ; for, after all, the Professor and the amateur belong to 
the same race of Englishmen ; they have the same love 
of the qvtcsi for truth ardent within them ; and in the 
case of the Professor there is now superadded the spur 
that comes from a sense of duty. 

Warren de la Rue was born in 1815, and was the son 
bf Mr. Thomas de la Rue, the founder of that eminent 
firm of manufacturing stationers in Bunhill Row who have 
rendered well-known services to social life by the produc- 
tion of numerous articles, unsurpassed in excellence in 
their particular craft. He first became known to the world 
at large by his newly-invented machine for the manu- 
facture of envelopes, which was placed in the Great 
Exhibition of 1831, and formed one of the chief objects of 
attraction there. Not far from it lay a small photograph 
of. the moon, taken by Bond with the Harvard refractor of 
t5 inches. It was comparatively, and from the circum- 
stances of the times necessarily, but a poor pcrromiance, 
yet it held out the promise of future possibilities, and it 
certainly fired the hopes of De la Rue. It was to him 
what the itinerant telescope in the streets of Bath became 
to the elder Hcrschel, vi^. the*dcterminjng point of a future 
and illustrious career. Accordingly, we soon find him 
engaged in the construction of, what in the sequel has 
become, his historic reflecting telescope, having an 
aperture of 13 inches and a focal length of 10 feet. The 
mirror was figured and polished by his own hands, and the 
equatorial mounting of the telescope was completed in 
his manufactory at Bunhill Row, from his own designs. 
Here again our thoughts revert to the elder Herschel ; bdt 
that great astronomer never approached the perfection 
either of the De la Rue mirror, or of the mechanism 
by which it was mounted and by which it was moved. 
It Is, however, only just to say that much of this notable 
improvement was the natursd outcome of the lapse of time 
«ftd of the progress that had been made in the working of 
metal "tlm instrument was mounted in the suburbs of 
London, at Canonbury, in a small gSvdea eur^nded by 
Bouses. It was hither, when the day^s work was done at 
BimhIU Bow^that De ia Rue r etired at night ; and here, by 
patientiy waiting fot a clear and stxent atmosphere, an 
uyatlt isf fans occurrence, and then only during the small 
bmtri uf thd moiiiing, be flmdly succeeded !h takii^ 
tef^dpie pictures of the Jupiter and Saturn^ 

too mm to say letmin sdll the 

ehy sitbs^uent dmptiofts fd thi^liKme pbuieta. 
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Of the Saturn picture, John Herschel was heard to say 
that he could die content if be could but once see the 
planet itself as beautifully defined. This great success 
at once placed him among the chief amateur practical 
astronorners of the day, 

It was about this time that he associated himself with 
Owen, Quekett, Bowerbank, and others, in the foi'mation 
of the Microscopical Society ; and such were the keenness 
and exactness of his eyes and hand, that he soon became 
a chief reteree for the performance of the wonderful 
microscopic objectives which then for the first time were 
produced by the skill of Powell and Andrew Ross. 

His first essays in lunar photography were not so suc- 
cessful as he had anticipated ; the collodion plates were 
deficient in rapidity, and his telescope, not being as yet 
provided with a clock movement, be was unable to keep 
the moon motionless in the field, even for the short ex- 
posure requisite to secure a photographic image. All this, 
however, was soon rectified. For, about the year 1857, 
he removed his residence and bis telescope from Canon- 
bury to Cranford, a village distant from London by some 
twelve miles west. There he provided his instrumeiV 
with an admirable driving clock, and applied what leisure 
he could get, sedulously to celestial photography ; and 
there he secured the earliest substantial results of a 
method, which, at present, bids fair to revolutionize the 
processes of the most exact and refined astronomy. The 
photographs of the moon which he now obtained still re- 
main works of art, which even the most skilful of recent 
astronomers find it difficult to emulate with success. He 
also made many attempts to photograph the solar disk ; 
but owing to mechanical difficulties, connected with the 
necessarily infinitesimal duration of the exposure of the 
plates, his success was not great. He had hoped that, 
by treating the photographs sCereoscopicaJly, he might 
decide the true nature of sun-spots in respect of their 
being depressions or the reverse ; but, although the evi- 
dence seemed greatly in favour of depression, the ques- 
tion can hardly be considered as photographically 
settled. His efforts in tliis direction ended in the 
construction of a smMl telescope for the Royal 
Society, with an object-glass of 3^ inches aperture 
properly corrected; and, with this photo-heliograph^ 
numberless pictures of the sUn wctc successfully taken 
at the Kew Observatory. This instrument has proved 
the parent of many others established in various parts 
of world, so that at present scarcely a day passes 
without a record of the condition of the sun's disk. 
The arrangementsforthesc observations of sHO^spots are 
now constituted under the advice of the Committee 
at South Kensington, and in due time no doubt important 
facts will be brought to light. All this is traceable to 
the little inconspicuous photograph deposited not far 
from the envelope machine in 1831 ; and in this way D6 
la Rue became^ and will ever be remembered as, the 
Father of Lunar and Solar Photography. 

In i860, De la Rue took this photo-helio^aph with him 
on board the Himalaya^ in connection with the memor^ 
able expedition to the Spanish Pyrenees, for the purpose 
of observing the total ecHpse of the sun. He posted 
himself^ with hts whole battery of implements, at Riva 
Beliosa^ la the valley nf the Ebro, hot far from’' Vittoria. 
He was suctesaful ia obtaining several photographs of 
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the eciipse durinsf its totality, which gave the promise of 
settling, 4moe for all, the hitherto much-mooted question 
as to whether the red prominences belonged to the sun, or 
were attributable to a different origin. On his return 
home he devised a micrometer for the due measurement 
of these remarkable phenomena, and in conjunction with 
other photographs taken by Padre Secchi, at a station 
some 350 miles distant from Kiva Bellosa, he succeeded 
in allocating these singular fiery prominences beyond 
question, in the gaseous envelope which surrounds the 
sun. The results of his researches were embodied in 
the Bakerian Lecture delivered before the Royal Society 
in 1863, Perhaps it is not too much to say that these 
efibrtB laid the foundation of that wonderful structure of 
solar physics which is daily enlarging our knowledge of 
the true nature of the sidereal universe. 

In 1873 the Observatory at Cranford was dismantled, 
on the occasion of I)e la Rue's removal from his com- 
parative seclusion there to his residence in London. The 
reflector, with all its numerous and valuable accessories, 
was presented to the University of Oxford, and by this 
noble gift it was enabled at length to csttfblish an efficient 
Astronomical Observatory at a place of learning where 
Halley and Bradley had flourished and taught nearly two 
centuries before. The instrument was erected in com- 
pleteness at De la Rue's sole expense, and for several 
years he defrayed the cost of the additional assistant 
necessary for its utilization. 

Oxford has at no time been backward in acknowledg- 
ing with gratitude all effldent services rendered in behalf 
of the studies of the place. Accordingly, on De la Rue 
was conferred the rare honour of the full degree of M.A., 
by which he became a member of Convocation, while 
New College also incorporated him among her Society of 
Wykehamists, and made him a member of their common 
room. 

We have occasion to know that it was a source 
of gratification to De la Rue to feel assured that his 
generous gift was utilized to the full by his old friend the 
present Professor of Astronomy, and specially in the 
direction which himself had inaugurated. Moreover^ 
when a few months ago he saw the marvellous results 
produced by Mr. Roberts in his photographic pictures of 
nebulae, secured by a four hours' exposure, he gave direc- 
tions for the additional mechanism requisite for the pro- 
duction, as he hoped and believed, of similar pictures by 
his own now ancient instrument. Such is the solidity 
of the original mounting, that at this moment it is 
finally placed on a par, in respect of accurate move- 
ment, with any known instrument ; but he did not live 
long enough to watch the progress of the experiment. Nor 
does this end the catalogue of his gifts to the University. 
When he heard of the projected scheme inaugurated by 
Admiral Mouchez, the I>irector of the Paris Observatory, 
for completing a photographic chart of the entire sidereal 
heavens, he placed a considerable sum of money in the 
haiH^s of the Vice-Chancellor in order to defray the cost 
of the large photographic telescope necessary for taking a 
part in this great enterprise- *The University of Oxford 
ia not an r phemerai institution, and De la Rue's acts of 
generosity will remain inscribed upon her annals. 

While &e was thus watching with intense interest the 
usee made at Oxford of the work of his renovated instru- 


ment, he was himself engaged in a new enterprise of hia 
own. Whether the recollection of what bis friend Gassiot 
had done some twelve years before at Clapham — bow, 
when he returned from hla City work in the early evening, 
he retreated down to his laboratory, furnished at incredibio 
labour and expense, and there tried to investigate the 
nature and origin of the electric discharge, and especially 
the strangely beautiful luminous stria? observed in tubea 
partially exhausted, visited now and then, white at workr 
by Faraday and other kindred spirits— whether or not 
this may have been the inducing cause, certain it is that 
Dc la Rue became fascinated by the same fdienomena, 
and enamoured with the same pursuit Possibly through 
a like scientific contagion, Spottiswoode also, in due 
course of time, endeavoured to wrest the same secret from 
Nature’s hands. For years these three men worked and 
persevered in hope. None of them wholly succeeded, 
and yet none of them wholly failed 5 each and all left 
finger-posts to guide some future and more fortunate 
research. 

The space which can be here afforded to the memoir 
even of an illustrious man precludes more than a passing 
allusion to the honours and social distinctions which 
always accorrtpany the efforts of a life such as Warren 
de la Rue’s ; and upon him they were accumulated in 
abundance. The abiding honour lies in the contem- 
plation of the man. A career like his dignifies the daily 
life of a manufacturer, giving it an aim and an object apart 
from the accumulation of wealth ; it humanizes, warms, 
and illuminates the absorbing abstraction of the solitary 
student ; and it illustrates the fact of an Aristocracy of 
Nature. 


THE PHILOSOPHY OF MYSTICISM. 

The Philosophy of Mysticism. By Carl du Prel, Dr. Phil. 
Translated from the German by C. C, Massey, 2 Vols. 
(London : George Red way, 1889.) 

W £ own to a certain mistrust when we are asked to 
accept goods under a trade-mark of mysticism \ just 
as wc have a most Levitical desire to pass by on the o^er 
side when we encounter the latest lucubrations of the circle* 
squarer, the absolute harmony of Genesis and geology, 
or when the last new theory of the soul is extended before 
us, All Danati to the stars." Now the philosophy of mystt* 
cism contains the latest of soul theories, or rather it is an 
old thcory—a very old theory indeed— which has been 
newly adapted and furbished up and fitted with the very 
latest adjuncts which the outskirts of modem science can 
supply, so that it is to all intents and purposes just as 
good as if it were altogether new and original, t)o not 
let us be misunderstood : both author and translator act 
in the strictest good faith. There is no false pretence 
about the matter. The whole work is perfectly ingenuOtts. 
The antiquity of the central idea is not in dispute, but it 
is claimed for the author that he has esaeixtially modi&ed 
our conception of that idea, that he presents his lOjatt^ 
from a new stand-pomt, which is enoi^h in all ccosdeni^ 
nowadays, and that he is the first to ^ow, by systematic 
analysis "knd comparison, that somnambulism and. ite 
cognate states are not e^^ially abnormal or m0rbld„ 
but are in truth a .ek^tation of ordlnairy 
that the faculties evlimed is^^lhoseatates are tncipienll;p 
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also in di^am, and are even indicated^ though 
am indefinitely, in waking It is contended 
that in thia uray Ihe whole dream-life is reclaimed from 
its presume worthlessness for scientific and philosophical 
imrposes. 

A duality of person with a unity of essence is the theory 
which commends itself to Baron du Prel,and he has worked 
out with much skill and acumen the details of an hypothesis 
to which his evident earnestness induces us to accord a 
bearing even when we are compelled to dissent from his 
conclusions* This hypothesis will have none of science, 
falsely so called ; it sets at nought the accepted views of 
the physiologist and the materialist, and is a new, if 
nebulous, gospel of transcendental existence and appar- 
ently limitless progression. Man’s life is moulded by his 
conception of bis relation to the world, and that concep- 
tion the present work is to radically revise. Who can 
tell if in the twentieth century the acceptance of these 
mystical views may not transform the present eager, 
struggling, money-grubbing crowd into a fraternity of 
peaceful philosophers finding in the placid pleasures of 
catalepsy an efficient substitute for the excitement of a 
boom in copper and for the fevered gambling of the Stock 
Exchange ? 

The author is very hard in his strictures upon the 
feeble physiologist, the wicked materialist, and indeed 
upon the modern professors of science generally, whom 
he abandons to their ** exact amusements,” whilst he 
seeks the true theory in the bare analysis of the process 
which takes place in memory,” and it is really wonderful 
what a superstructure he raises on the basis of that 
Analysis. His preliminary dig at contemporary men of 
science he follows up with cuts and thrusts at intervals, but 
his salient grievance is that one and all fail to conceive 
progress otherwise than on their existing plane, whereas 
true progress must be inevitably vertical. With the 
advent of experimental methods, we learn, the world ot 
science believed itself to have discovered a means for the 
attainment of all available knowledge, btit the belief is 
erroneous. Not only is science still very far from its 
gc»al, but with the completion of its existing tasks, new 
prospects will be opened in the vertical direction. Should 
science succeed in explaining the whole visible world, 
that explanation is only as to a represented universe, a 
^condary phenomenon, a mere product of our sense and 
understanding, leaving the true world untouched. The 
Quality of our consciousness in its relation to that world 
l^s still to be considered, and by such a method alone 
can its true nature be in any degree discovered, The 
Visible world undergoes qualitative changes in the gene- 
ration of consciousness, for, since the vibration of ether 
is in cotisclousness light and atmospheric vibration 
Sound, it » evident that we are not truly cognizant of 
things, bui: only of the modes in which our senses react 
0^ them* Taking all which and much more besides 
uito CObiideraition, the author sums up the result of 
htimUit thought on the world-problem by saying that 
^^nsciousness does not exhsust its object, the woHd ” a 
analogous to that of the Danish prince 
obuer^ thit “ there are more things In heaven and 
than ari dreamt of in piair philosophy."^ 

>1^ is the object cottsciOitene?s, so 1 $ the 

that bf self'Cdnsciousnesof and here, su) a the Baron, 


materialisni still flatters itself with the hope of reducing 
all psychology to physiology* It is deceived : setf-con- 
sciousness does not exhaust its object, but is as inade- 
quate to the as consciousness is to the world, and 
the Ego may as much exceed self-consciousness as Con- 
sciousness is exceeded by the world. The degree of the 
excess, is, however, not absolutely constant, since, by 
the rise of consciousness in the biological process, the 
boundary between the conscious and transcendental worlds 
has been and will be continually displaced. Of being, 
other than representation, we know nothing, and spirit is 
the primary and the real, for were its perceptive faculty 
changed, the whole material world of representation 
would be transformed ; a clear demonstration that the 
represented world is a mere creature of the spirit. 
Behind consciousness is the ultimate being of which 
that consciousness is but the reflection, and as this ulti- 
mate being is beyond consciousness the Baron terms it the 
unconscious. This unconscious may either lie imme- 
diately behind the physically conditioned consciousness, 
or may be so indefinitely removed as to allow of an inter- 
mediate root of conscious individuality which is only 
relatively unconscious for the organism of sense. The 
author finds such an intermediary in his so-called psycho- 
physical threshold of sensibility, which is the shifting 
barrier between the unconscious and self-consciousness. 
He conceives a dualism of consciousness, the division 
of two “ persons ” in one subject, but his conception 
differs from the popular conception of the dualism of 
soul and body, of matter and spirit, of Nature and 
supernatural. This dualism of consciousness is, with 
him, on intelligence which emerges with clearness and 
power just in proportion to the cessation of the organic 
functions with which the consciousness of waking life is 
associated ; the two halves of our consciousness, divided 
by the movable threshold of sensibility, forming the 
subject which is an organizing as well as a thinking 
principle. The hypothesis of transcendental individuality 
co-existent with the earthly life and constructive of the 
organism by which consciousness is (from the earthly 
stand- point) dualized, necessitates the doctrine of pre- 
existence. Transcendental individuality implies a dis- 
tinction from personal consciousness, and that the soul is 
not wholly plunged in the successive bodies which it 
constructs ; the personal consciousness with its Ego 
being the mere partial and temporary limitation of a 
larger self, the growth of many seasons of earthly life. 

The state of the individual after death is not precisely 
defined, but is suggested by the similitude of the smaller 
of two concentric circles expanding to the larger ; the 
circumference of the inner circle being the organic 
threshold of sensibility, which death removes altogether, 
as it is already partially removed in such analogous 
states as sleep, somnambulism, &c. As in preoccupation 
the mind is concentrated to a focus, and subsequently 
expands to the limits of consciousness, so is earthly 
consciousness in death expanded to the boundary limits 
of the true Ego. 

Transcendental subjectivity provides for continuity of 
consciousness, but the experience and whole activity of 
one of our objective life-times will be assimilated for 
results independent of those proposed by the contracted 
Ego^ which bear but a minute proportion to the gradually 
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(Content of the whole individual. The per- 
90»a] Ego mu&t he brought to the point of view of the 
^raJi^oendental subject to which the mere happiness of 
that Ego is indifferent. What to us as persons are but 
high ideal motives may be alone of interest to the larger 
which only maintains the organic personality for its 
own purposes. Such is Mr. Massey’s analysis of the 
mjaster’s viewS) and it must be obvious that on this 
showing matters are decidedly in favour of the higher 
Ego which haSj so to speak, got it all its own way. But 
since that exalted essence is, according to its moral 
nature, a product of development, the greater morality is 
not always on its side, for were that the case, terrestrial 
existence would have no educational value, and it is 
comfortable^ therefore, to learn that our moral conscious- 
ness in earth-life can erect itself against its larger self, 
and may thus enrich the latter by the moral fruits of 
mundane existence ; the struggle which takes plate 
between the divisions of the subject being analogous to 
the process of Nature in its endeavour to expel disease, 
and drive whatever is morbid in an organism to the 
surface, or, to put it baldly, a species of spiritual measles. 
Such a theory, it is contended, fits the progress of the in- 
dividual into the progress of the race, avoiding the waste 
pf energy involved in the conception that the former is 
sacrificed to the latter, and supplies a wondrous harmony 
in which pessimism is subordinated to optimism. 

The author is enidite, and he hails from the Father- 
land ; it is therefore not a matter for surprise that 
somewhat Shandean theories are exposed in sentences 
of wondroua construction. With these Mr. Massey has 
manfully wrestled; but, in his commendable desire to 
play the pan of a faithful translator, he has at times 
given us such specimens of Teutonic English ‘^as she is 
wrote '’ as render the good Baron’s mysticism ten times 
more mysterious. We have read and re-read a passage, 
and a dozen perusals have left us still in doubt whether 
the meaning which the author and translator intended to 
convey were really grasped. Fidelity may be carried 
too far. At other times he who runs may read, and the 
author expresses his sentiments with an ingenuous frank- 
ness, as when he writes that every criticism will be 
w^ekome which is adapted to advance the subject and 
myaelf.” 

Assuming that wc have mastered the Baron’s theory, 
an assumption we hesitate to make, we may place it 
before such of our readers as prefer a crude aimilc to 
the technicalities of metaphysics, in an illustration de- 
rived from natural history. Those who have visited the 
ropk-pools of our coasts must have noticed the amusing 
little hermit crab {Eogufus l/ern^ardus)^ who ensconces 
his soft unarmoured tail in the temporary shelter of an 
empty shell. He wriggles into his self-chosen habitation, 
and holds on to it with the pinchers with which his tail is 
provided, until he voluntarily leaves it before the ap- 
ptoaph of death. The hermit crab is the unconscious 
whol^ whose tail is tucked into the shell of self^conscipus 
existence. As he cmeiges from it, or retires more com- 
fdetely^^ the amount of crab Vithin the shell varies, the 
thre^old of sensibility is shifted; and the shell benefits 
or sufiers accordingly. The development of the moral 
nature of the subject, and iU Idness for higher rc-incar- 
tiatjoni are likewise Shad(med forth in the fattening of 


the crab’s tail, and his search for a roomy whdk-sbeU ’ 
place of the restricted covering of the modest periwinWei , 
Or, once again, the threshold of sensibility may be. ; 
likened to the lid of the box from which the Jack ol 
memory leaps, and upon the closure of which forgetfttlneief^ 
ensues. 

It may be readily imagined that the author does not 
ask us to raccept his theories unproven, and he has col- 
lected a mass of curious information from the most varied 
sources. Some of his anecdotes are oases of entertain- 
ment, which will, we fear, be missed by readers who do 
not, as we have done, peruse the volumes from cover to 
cover. As instances of our meaning, we may cite the 
case of a weak-minded youth upon whom all instruction 
in languages and science was thrown away, but who» 
after a fall on the head, became distinctly clever, intel- 
lectual, and highly cultivated, quickly seising what he 
had been taught in vain before — a demonstration of the 
value of a box on the ears in the case of a stupid boy ; 
the girl who, in her waking life, was reminded of her 
»elf-in>poBed somnambulistic treatment by the vision of a 
squirt ; the military author who entered the barracks to 
take charge of the watch, in obedience to a dreamed 
order which he conceived to be a reality (had the case 
been one of neglect of a real order which Iro believed 
himself to have dreamt, we fear the court-martial would 
not have admitted the plea) ; or the wife who, subject to 
conditions of alternating consciousness, resented the 
presence of her husband, whom she treated with maid- 
enly reserve. I'o prove the existence of a transcendental 
measure of time which is totally different from the nor- 
mal, we are told of a flea-bite which occasioned a dream, 
concluding with a stab in the part of the body upon 
which the insect operated ; of a pinch on the thigh^ ' 
which caused the sleeper to imagine himself bitten by a. 
wild beast ; of De Quinccy’s opium dreams, which ap* 
peared to him to extend over vast periods of time ; and 
of Mahomet, who, having knocked over a pitcher of water 
when translated by the Archangel Gabriel, viewed aU 
things in heaven and hell, and held ninety thousand con- 
ferences with the Deity, returning to his still warm coucb 
before the contents of the pitcher were expended. A' 
somnambulistic girl exclaimed, “ Where am I ? lam not 
at home in the head. There is a strange struggle between , 
the pit of the stomach and the head ; both would prevail^ 
both second feel.” So you sec that ‘^transcendental physiflK 
logical functions seem to be parallel with correspohdiftg 
changes in the ganglionic system.” Authorities jostle iiv 
kaleidoscopic confusion ; the “Novum Orgenum” stand^-f 
ing cheek by Jowl with the Bhagavodgita and the Vedas ? 
whilst Aristotle and Proctor, Plato and Mrs. Ci*Owe/; 
Habakkuk, Galen, Plotinus, L OUphant, Daniel, Darwiiv ; 
Kant, Qlcott, and scores of others, jostle each other in 
ill-assorted scries, but each with his contribution to tht' 
mosaic of marvels. On such a catena of evidence awe; , 
based the two volumes ; and> in spite of their wayword-j 
ness, there is a thread of argument rutming timougkt! 
them which it would be unfair to the author to stmdfr/ 
by attempting an imperfect of his worK 

we even the heart to impose U upon bur readbte^ 
has been said that, soop^ or latcr^ all books conte tetevt 
the hands of those for whom they were v^ririe% ahd 
is no Special reason fear an excepitioa in this case 
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tht evideiDte for what ia really a very beauHful theory 
IhUe to carry conviction to us. Doubtless our ** threshold 
sensibiiity '* has gone wrong in some unaccountable 
way, and we have not enough of the Subject on this 
aide of it to estimate the pearls of transcendentalism at 
''their true worth* To the true adept, the work will doubt- 
less prove wholly acceptable, and the author may take 
comfort in the redection that ''on this globe we serve an 
•end, the attainment of which cannot be hindered, though 
all mankind conspired against it." 


Ol/R BOOK SHELF, 

A Treatise on Chemistry* By Sir ll. E. Roscoe, F,R*S., 
and C Schorlemmer,"F.R S. Vol. Ill, The Chemistry 
of the Hydrocarbons and their Derivatives ; or, Organic 
Chemistry. Part V. (London ; Macmillan and Co., 
1889.) 

The present and fifth part of the "Treatise on Organic 
Chemistry" is devoted to an account of the beuxenoid 
compounds containing eight or more than eight atoms of 
carbon, and brings the subject down to the group of the 
terpenes and camphors, including india-rubber and gutta- 
percha. 

The various compounds are, as the title of the work 
denotes, grouf)ed about the hydrocarbons from which 
they are derived. Thus we have the styrolenc group, 
the cumene group, the cymene group, and so on. 

The present instalment of the work also describes 
numerous instances of the interesting class of benzenoid 
compounds containing closed lateral chains in the ortho- 
position, i,i\ with the two ends of the chain attached to 
carbon atoms which in their turn are directly united 
with one another. Such compounds are, for example, 
the indoles, the indazoles, isatin, carbostyril, and cou- 
marin. 

The subject of closed- chain compounds has of late 
years possessed a peculiar fascination for organic 
chemists, and the reason of this is not far to seek ; 
for, apart from the fact that many of the closed- 
chain derivatives of benzene, such as coumarin, isatin, 
and indole, either occur in nature or are the imme- 
diate derivatives of naturally occurring compounds, 
many chemists believe that various important problems 
in chemical statics may ultimately be soivccf by the 
study of these compounds. At present chemists do 
not altogetlier know why, for example, closed lateral 
chains of carbon atoms should occur only in the ortho- 
position, and never in the meta- or para- position ; 
why auch closed lateral chains never contain less than 
five or more than six carbon atoms ; and why it has 
never been found possible to unite any single oolyad atom 
to two contiguous (ortho) carbon atoms In benzene, 
whilst in parafiinoid compounds such a union may be 
effected. But when these questions have been answered, 
flomethinig will be known concerning the local distribu- 
tion pf the affinities of the ultimate atoms ; and mean- 
while the ingenious hypothesis of Van \ Hon with regard 
to the position of the affinities in the carbon atom is a 
Step in the right direction^and afifbrds what is possibly 
more than a merely provisional answer. 

The authors have also given a vefy full account of 
Wallach*# incetesting researdhes on the terpenes, and 

S re^as elsewhtre> the information is thoroughly up to 
tov 

Thf Jnstruttive historical introductions prefixed to the 
dfsesiptiof^dfitoportontcomim^ andgtotips of cOm- 
pounds^ referred to in oar notices of previous ]^rtior» of 
Ihh are continued. 


Solutions of the Examples in a Treatise on Algebra, By 

Charles Smith, M.A. (London : Macmillan^ iSSq.) 

The value of such a book is great both to teachers and 
students. The former, as we have often pointed out^t have 
scant leisure for working out the more elaborate ques- 
tions which nowadays have place even in elementary 
treatises, or scarcely care to refer to their notes, which arc 
never, unless they are exceptionally methodical men, to be 
found when wanted ; the latter are, by means of such a 
work as the One before us, in ai great measure rendered 
independent of outside aid. Though Mr. Smithes solutions 
are marvels of compressed diction in many cases, they yet 
are, we can certify from an extended examination of all parts 
of the subject, expressed with all the clearness required. 
In a few cases two solutions are given ; this is an advant- 
age, for often we have found the second solution very sug- 
gestive. We have, then, here an excellent corpus of 
solutions of questions, which have been considered bv 
many competent judges to be well arranged and well 
calculated to draw out a student's powers in this part of 
mathematics. We have come across a few typographical 
errors (there is one on the last page), but they are in most 
cases easily detected on following out the solution. 

Applied Mechanics. By D. A. Low. (London : Blackie 

and Son, 1889 ) 

This is an excellent little text-book, treating of those parts 
of the subject which the Science and Art Department 
require for the elementary stage. There are, however, 
specially marked articles which may be read by advanced 
students. 

The author has taken, as the ground-work of the book, 
the notes which he has used for many years in his classes 
with much success. Much care has been taken with 
those pages relating to mechanism. The diagrams are 
especially good, and the descriptive portions accom- 
panying them are clear and concise. A striking and most 
useful feature will be found in the unusually large number 
of examples following each chapter, typical examples also 
being worked out between the articles. 

The last half-dozen chapters are devoted to the nature, 
use, and strength of materials used for purposes of con- 
struction, and the different kinds of stress to which they 
may be subjected. The syllabus issued by the Depart- 
ment for teachers in this subject, followed by the exaiglna- 
tion papers of recent years, is appended. The book is 
one which can be recommended, and will no doubt be well 
received by teachers and students alike. G. A. B. 

Northrmt Afghanistan. By Major C. E. Yatc, C.S.L, 

C.M.G. (Edinburgh and London: Blackwood, 1 888.) 

Ik this volume the author has brought together a number of 
letters written from the .\fghan Boundary Commission, and 
he explains that they arc now published in a connected 
form as a sequel to his brother Captain A. C. Yate's book, 
entitled “ England and Russia Face to Face in Aiia." A 
large part of the work relates chiefly to matters of political 
interest ; but there are also excellent descriptions of the 
various places which Major Yate visited, and of the 
people with whom he came in contact. His account of 
Herat and the shrines in the neighbourhood is particularly 
good ; and Balkh, of which he gives a plan, he depicts 
concisely and deariy. Of the desert from Andkhui to the 
Oxus he says it is about as hot and wretched a country as 
he ever saw. In this desert, wherever a few inches of 
mud and water were left, he used to see the white-breasted 
pintail sand:grouse coming to drink in small numbers ; 
but with that exception ho saw no sigh 6f game. Lizards 
of all sizes and colours were to be seen. A lizaj^d, some 
2 or 3 feet long—" of a yellowish colour with red stripes" 
—seems to have especially attracted Major Yate's atten* 
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This animal never tries to run away, but stands 
arid biSses^ distending its stomach to an abnormal size/' 
The dog hates it coraialiy ; and very naturallyi forj when 
ihe dog^ is approaching to the attack in front, *^the lizard 
suddenly brings his tail round and gives the unwary dog 
a most tremendous wipe across the side of the head/' 
**Thc first interview between a dog and one of these 
ahimals is very amusing — the dog is always so utterly as- 
tonished at this unexpected attack on the lizard's part, 
and also so hopelessly wroth/’ We may note that in a 
pocket at the end of the volume there are two 'maps— 
a map of the north-west frontier of Afghanistan, and a 
sketch-map showing the routes traversed by the Boundary 
Commission during Z8S4, 1S85, and i 896 . 


Comparing this with MaxwelVs stress in the ether, we most 
take {** Electricity and Magnetism,’* vol L S 205)-^ 


i/tf- 


1/ 




iiy i(y \dx * ify ) 

ifuzv ^ d ( d^ 
dz “ iiz\l 




x'Jz) 


+ f PR + i- 

dz d% 


«yi 


adding these together, and comparing with the equation for 
we get— 

X - d^^ _ dp 
* d£ dx 


By Leafy W^ays. By Francis A. Knight. (London: 

Elliot Stock, 1889.) 

This volume is made up of “brief studies," which 
originally appeared a.s articles in the Dat'iy New. The 
author’s object is not to present scientific conclusions 
about Nature, but to convey some idea of the impressions 
which have been produced upon him by various elements 
of the external world. He is an ardent lover of every- 
thing in Nature that appeals to what may be called the 
artiatic sense ; and he has the secret of suggesting, by 
means of brief and simple descriptions, very vivid pictures 
of scenes in which he himself has found delight. No one 
who wants to be intellectually instructed should trouble 
himself to read the volume ; but it will give much pleasure 
to persons who like to be reminded of some of the in- 
numerable aspects in which the country reveals itself to 
Sympathetic observers. The volume is prettily illustrated 
by E. T. Compton. 


LETTERS TO THE EDITOR. 

f 75 i/ Ediier dm not hold himtilf responsibk for opinimts ex- 
pressed by his correspomdenis. lAither eon he undertake 
to returUf or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communicatiomdi 


On an Electro-magnetic Interpretation of Turbulent 
« Liquid Motion. 

The equations of rate of iocreau of momentum F, com- 
ponents X, Y, 2 , per unit volume of a liquid (density w i) 
are— 

dn j ^jdu , ^iin , ^jfu 

dt 


X + f.'"' + 


dx dy dz dx* 

and corresponding terms for Y and Z. If the liquid be 
incompressible, 

di( . dv . dw 

+ + = a 

dx dy <t& 

Mulip ying this Ijy w, and adding to X, we get— 

+ - («’) + + i («««) + 

fit dx dy dz dx 

and similar ones for Y and Z. 

It is at once obvious that these could be written down at once, 
for u^f, and trw are the momenta per second carried into the 
element through its faces as in the kinetic theory of gases \ and it 
Is evident that the equation is ifie same as for a strained solid 
whm these are the superficial normal and tangential forces. 

If we now take the averc^ iralues of these throughout nny 

dtt^ dd^ 

small region, and write fiw the average of , we 

have— * 

Va '*' + '* 1 x^ 4 . 

^ /// dx ^ dv dz dx 
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Now', assuming 


y-V //V . _ 

dv^ ’ 


dx^ 

dV 


dy^ 

dO 


we get— 


a. "'c X dK 

T" * j - a= 

(7.V dy dz 

da , dfi dy 

dx dy dz * 


V du 
^ dt 




and two other similar ones. 

If we now assume as the relations connecting P, (J, R an 
a, hj 7 with a velocity V — 


c? 

- - 9 ) 

= «0d V 

(dy 

\dy 

at/ 

<* ' 

W 


and the corresponding others, we get— 


dV 

dV 


x-t 

dt 


P# + «/»!+ <(Qy-RP). 


which, if we suppose the motion steady, so that « 0 gives 

exactly the right expression for the mechanical force due to an 
electric charge, r, and a magnetic charge, ntf and to an electric 

, ... dK dq dR 

current with components , 

In order to justify assumed relation between a, j8, y and 
F, Q, Ri compare with Sir ’William Thomson’s equations of 
propagation of disturbance in a turbulent liquid {i mL 
October 1887, p, 343}. 

In his case everything js a function of y only, and in that crm 
my equations become, when there is no mecbMical force— 


lu 

dt 








Now under the circumstatwe® contemplated, K and y ara not 
funciions of y 


, dis 
' ‘ 'dt 


q'f +d*. 
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If we assume that during the passage of a disturbance of 
the kind Q ts i8 s constant, they must be if 


wegec^ 


ii^L + '^9 4 - z:.o, 

tfy (h dx dy d% 


and ooftseqaently— 

(Rfl - qn) = V X (PQ + 

Comparing this wUh Sir William Thomson's equation (34) we 
see tnat— 

y* =s - xmv{u7j) = PQ + a&). 

Similarly, by calculating 
d 

V/ 

* - QV 


.(PQ 

iiy 
' dy 


vp 

+ a/ 3 ) = Q + $ 


+ |8V = + V ; (R/8 - Q7), 

dy dy 


dt 




m 

This 


we reproduce Sir William Thomson's equation (49), If V® : 
i.f. be ij of the average square of velocity of turlmlency. 

V is the velocity of propagation of the disturbance. 

If we wish to identify this laminar motion of Sir William 
Thomson’s with a simple wave propagation such as light consists 
of, we must take Q =: J 3 - constant, and then the two equations 
are satisAed by — 


and 


dc 




dy 

dy 


and 


dy 

di 


dR 

dt 


= V 


t and 
dy di 


. V 

dy" 

dR 

di* 


no matter what Q and ^ are, and these are, of course, Maxwell’s 
eauations. There is nothing to settle which 1 % the electric and 
which the magnetic disturbance, nor even which,/ or is 

proportional to RjB - Q-y, and which to P(^ + but the 
consideration that electric currents and electrification are pos- 
sible while magnetic currents do not exist, will probably decide 
a question of this kind. In Maxwell’s simplest wave, P and y only 
exist, and in this case, as 1 have assumed above, xsav{$ 4 p) would 
correspond to electric, and / to magnetic disturbance. In Sir 
William Thomson's representation, xjtap{mf) is of the nature of 
a (wist, and / of a flow, contrary to the usual notion that mag- 
netic force is twisty. However, a flow cannot take place outwards 
contianously from a body, so that there seems a reasonableness 
m likening electrification to a twist, The fact that magnetism 
in matter rotates the plane of polarization sometimes to one side 
and sometimes to the other does not prove conclusively that it is 
a rotation ; a flow might confer that property on matter. 

In order to include the general case of a variable state, an 
Interpretation of X, Y, Z, is required. Where no matter is 
present^ we must assume-^ 

+ + Q’ + R‘J + »a + &C., 

dx ux ^ 

and In the steady stale— 

/, = - i(P» + Q» R2 + a« + + y’). 

When the state is not steady, we have, if 

dP dO . dR _ ^ da d$ 


m. 


4. + /i? 4. 

dk ' ^ dz ^ dx dy dz 

X- 5 |=+p, + .„+ M, &e. 


Wa mint asntoM that has no longer the above^vahte ; but by 
duRqvanjdating tbe 61M of these wi£ respect to x, the second 
whh respect to/, and the third with respect to a, we get— 
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which is satisfied by s « o, ai = 0 j or if and m exitt, by- 
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+ - 
ds* 


dfi} 


d'p, 

dy^ 


+ = 


+ Q» + R» + «•-• + gP + y'-)^ 0 . 

which means that energy is propagated with a velocity = V, 
and so the assumed relations connecting P, Q, R, and o, /ft, 7, 
mean little more than that the Initial state is stable. 

This, 1 think, shows that, so far, the ether may be a turbulent 
liquid. 

If we compare the dimensions of the quantities involved in 
the theofy of motion of a turbulent liquid with those in the 
electro' magnetic iheoiy, we find it convenient to put these latter 
dimensions into the following forms, as they are the same on the 
electro-magnetic and electrostatic systems. 

Calling [K*m *3 = [V'’], and density [,] = [ML*’], we con 
write — 

Electric displacement = [K^p^V] 

Electric force = [K"V*VJ 

Magnetic displacement =; [aa^P^V] 

Magnetic force = 

It is at once evident that the products of the force and dis- 
placement are, in each case, of the dimensions of the P*, Q®, 
ii®, a®, 7®, involved in the theory I have already given. 

1 think it would be well, perhap, to introduce some new 
quantities of zero dimensions to denne the jxilarization of the 
medium. It seems likely that the velocity involved in P must 
depend on bow intensely the turbulency is polarized, and could 
therefore be measured by a quantity of zero dimensions multi- 
plied by a measure of the turbulency. This measure would be 
plv, so that, for electrostatic energy— 

P® - P/(pV®), 
and for eleclro-magnetic— 

a® = 

where P^ and o„ were of zero dimensions. 

In order to introduce the eifect of alterations in material, we 
may pul these in the form — 

- P«o* 

K/a Km ’ 


P® 


and then the electric displacement will he- 

= Jf. . p., 

M 


and the electric force— 


= J^ 

\ M 


P«. 

k ' 


p 

k 


while the magnetic displacement will be— 

~ i k 

and the magnetic force will be- 

Vi 

If we c^l the six quantities w*, z^* ivw, wv, «, c^. 

/ ^ (h^ are connected with the six quantities P, Q, R, 

a, J, 7, abd the three undisturbed values of / 7 ® w A, ss B, 
m C, by the equations— 

» A + P® + a®, &c., /« QR + 187, &c. 

In order to examine how these are related, take an ellipsoid 
defined by-r 

+ re® + 2fyp 4- tgex -f- 2hxy m d^ 
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And we see that, if A ^ w C os b the case etcept In a 
< aP3^sUlUne tneditim, ih* elUp^id is — 

lt(x^ -f /’ + e*) 4- (1*4^ + Q;i^ + Rjs)’ -i- (ax ^ J3ly -i' ys)^ = ; 
enthat, if Px + Q;* -f Rs = L, ax ^ fij* + ys - a. 

1. 4* and fA arc the imaginary circular reactions of the 
el 4 ptoid,^and consequently tlie intersection of Land A, whose direc* 
1101) cosine^ are proportional to Q7 - is the major axU of 

the ellipsoid, when the above ‘‘igns are attributed to and 
any ellipsoid can be expressed in ibis form by referring it to its ' 
circumscribing sphere and the corresponding planes of circular | 
sectioni it b apparent that any polarued state of the turbulent 1 
motion can be buUt up of P,Q,R» and % fit 7^ polarizations. The 
i»f thfe ellipsoid mentioned above represents the flow of , 
^ttpgjr in the medium during the propagation of a disturbance, 
t ant inclined to think that f)ir Wilham Thomson's fear that j 
r' would vitiate these investigations would be avoided 
Supposing the turbulent liquid to consist of interlocked 
VOf^ Hngtf, or of infinite imercros'^ing lines ; and in either 
dace, A Aatucal hypothesis would be that matter consisted of free 
eoiiOK riogi*. Geo. Eras. E[T/.(;ekald. | 

Trinity CoUegc, Dublin, April 26. 


ticn, it is Icsflteasy to undentond how the dtflfereisoBS of IrariMNUtAtl ' 
velocity can be sufficient 

Reference may be mede to a paper by Mr. H. Airy (Natuav, . 
vol. xxvii. p. 590b in which the wwlter is further discussed. 
Similar views have also been put forward owe recently by mii 
American author, whose name 1 have, nafonunately, forgotteit 
Terling Place, Withom, May 6 , RaVXiRIOH* 


The New Eruption of Vesuvius. 

On April 29, 30, and May i, a constant series of explosions 
and rumblings acc ^mpanied by earthquakes, which shook 
the southern foot of Vesuvius, were very noticeable at Resina. 
About 2 a.ni., on May 2, part of the new cone of eruption 
(formed during the la.st ten months) felt in, showing that the 
internal support of the lava column had been removed, in con* 
sequence of this filling the new dyke, the formation of which 
'hod given origin to the preceding sonorous and mechanical dis> 
iUltbai)ce$4 On the .same day at 3 p. m. the lava sank still lower 
lA the c mduit on account of the dyke reaching the surface at the 
Upper part of the great cone. More of the eruptive cone crumbled 
in, aoa of course simultaneously a considerable outpour of lava 
took place from the dyke fissure which is situated on the s>uth* 
umi side of the great cone. This outflow soon formed a long 
tongue of lava reaching to the Pedimentina or lower. 

My friend Mr. George Bidder, Jun., who is studying at the 
Zoological Station here, was fortunately able to visit the rnoun* 
tain yesterday (May 3), and much of the information in this 
letter I have to thank him for. Unfortunately the extremely 
bad weather has prevented the upper part of the mountain being 
examined, so that accurate information as to the position and 
length of the fissure has not been obtainable i I hope, however, to 
make the ascent to-morrow, and will then send a more detailed 
account for your next issue. So far as the facts at hand arc 
available, it would appear that this eruption is of small im- 
portance, being an analogue of that of May 2, 1885, and that, 
therefore, the lava will hardly reach cultivated ground. 

A short glimpse of the summit of the mountain this evening 
ahows that much of the eruptive cone still exists, whilst the re- 
flection from the flowing lava is much feebler than yesterday 
evening. Lastly, a single faint glimmer this evening at the vent 
demonstrates the fact Uiat the lava has not sunk very deep in the 
chimney. The eruption, or more properly was 

coincident wich a marked barometric depression. 

Naples, May 4. H. J, JohnstoN-Lavis. 


“Glphantia.^ 

In a curious little work, entitled Giphantitt,’* the full title* 
of which 1 subjoin, there is, at pp. 95 -^f apmoge that may 
have some interest in connection with the early history of photo- 
giaphy, and of which I therefore suh)oin a copy. 

The Camp, Sunningdale, April 29. J. D. HOOKER. 

“Giphantia; or, a View of what has imssed, what U now 
passing; anti, Huang the Present Century, what will pass* ill 
theWdrlcl.” Translated from the Original French, with' Ex- 
planatory Notes. (London : Printed fot Robert Horsfield^ in 
Ludgate Street, 1761.) 

“ Thou knowest that the rays of light, reflected from diflereot 
bodies, make a picture and paint the bodies upon all {>olUhed 
surfaces, on the retina of the eye, for instance, on water, on 
glass. The elementary spirit^ have studied to fix these traAideiit 
images : they h.tvu composed a most subtile matter, very viscous, 
and proper to harden and dry, Iry the help of which a picture is 
made in the twinkle of an eye. They do over with this matter 
a piece of canvas, and hold it before the objects they have 
a mind to paint. The first effect of the canvas is that of a 
mirrour ; there are seen upon it aU the bodies far and near, 
whose image the can transmit. But what the glass cannot 
do, the canvas, by means i)f the viscous matter, retains the 
images. The mirrour shows the objects exactly ; but keeps 
none ; our canva-ics show them with the same exactness and 
retains them all. This impression of the images is made the 
first insiant they are received on the canvas, which is imme- 
diately carried away into some dark place ; on hour after, the 
subtile matter dries and you have ft v'icture so much the more 
valuable, as it cannot be imitated by art nor damaged by time. 
We take, in their purest source, in, the luminous b'>dies, thb 
colours which painters extract from different materials, and 
which time never fails to alter, The justness of the design, the 
truth of the expression, the gradation of the shades, the stronger 
or weaker slrolceK, the rules of perspective, all these we leave 
to nature, who, with a sure 'and nevor-erriog hand, draws np^n 
our canvases images which deceive the eye and m^e reason to 
doubt, whether, what are called real o''»iects, are not phantoms 
which impose upon the sight, the hearing, the feeling, and aX\ 
the senses at once. 

“The Prefect then entered into some physical dUouswonaL 
first, on the nature of the glutin ms 8ttl>stancc which intercaptoa 
and retained the rays \ secondly, upon the difficulties of pfepanqg 
and using it ; thirdly, upon the struggle between the rays ^ 
light and the dried su!)stanco, three problems Which X propo^ 
to the naturalists of our days, and leave to their sagacity/’ 


The Sailing Flight of the Albatrose. 

T have been much interested by the letter of Mr. A. C. Baines 
(Naturs, May 2, p. 9) upon this subject. In the year 1883 i 
(“ The Soaring of Bird*,” Nature, vol. xxvii. p. 534) I sug- j 
gested that the explanation of these puzzling porforraances might 
be found in the increase of wind with height, To take advant- 
Afe of this, the bird must rise against the wind and fall with it ; 
imt, at the time referred to, X had before me only the observa- 
tim of Mr. Real, in Assam, on the flight of pelicans, in which 
this feature is not alluded to. In Mr. Baines's obsQfrvations* 
the omUston is supplied; and thfire seems little reason to doubt 
that the true explanation of the flight of the albatrois has been 
Atcived At. In the coae of the pelican soaring to a great .eleva« 

* 

" This was remarked to m« by Lyle, of M<>lhuuriu, while t wai 
j^ecendy ap«aktikg to Nm upon thi« etikJ«ct 


Geological Photography. 

In the report of the Annual Conference of Delegates of 
Corresponding Societies of the British Associatiofn (Ma Nature, 
voL xxxix. p. 187)* reference is made to the proposed ap* 
pointment of a Committee to collect and roister photographs 
of localities, sections, or other features) of geologicaf interest in 
the United Kingdom, Several Societies have weady attempt^ 
local photographic surveys, but the need U felt to secure 
uniformity of action by all the Societies Interested, and to arrange 
for the phoiogriiphs to be available for teaching and 
purposes when needed. In order that steps maybe tokeit to 
arrange for the practical working of the proposed scheme at the 
forthcoming meetiog of the Britijsh Association at Newcastle, t 
am desirous of invoking the kind aid of those of your reo^rs , 
who have interested themselves in the holography of lodal 
geological features (espedally of typical ahd temporary 
in favouring mcf with the following infarmation t-— ^ 

(1) A list of photograpijg already toJccis, iUttstrarimg givea 
localities or sections j ana • ^ 
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(2) The names of locaJ Soeieties, or persons who arc wiJlitYg: 
to for a pitotographic survey for geological purposes In 

theljr <6strict, 

The informetion affonled me will be placed before the Geo* 
logical ^ectloB of the British Association at their next meeting, 
aiM I liiwit to receive many olhers of vahiable assistance from 
di^rent parts o( the country^ If coj>les of photographs are 
5 »eni: roe they will be carefully kept for exhi Idtion at the meet- 
ing, Several geeJogical friends have favoured me with sugges- 
tions in regard to sise of photograph, scales of height, length, 
and other details, which will alt m carefully considered. Photo- 
graphy is now 80 po] 7 uJar and easy of accomplishment that 
mere should be no diihcuUy in organizing local jdiotographic 
surveys for the purpose I have indicated. 

11 was arranged at Bath that the delegates should get their 

Societies to think the matter over, and that 1 should meanwhile 
endeavour to prepare a list of local geological photographs 
already available for study. 1 am communicating with the 
Societies witii this object, but your insertion of this letter will 
further aid me in directing attention to the subject over a wider 
circle than I am able to reach. Osmund W. Jkfps. 

12 Queen's Roail, Keck Ferry, Cheshire, April 23. 


Columnar Structure in Ice. 

1 HAVE just read Mr. James McConnel’s inlorcsling and im- 
jwrtant paper on the plasticity of ice (Nature, vol. xxxtx. 
p. 203), and an he remarks that it would Ite interesting to know 
whether the columnar stiucture he il escribes n-s occurung in the 
ice of the St. Moriiz Lake has been observed in England, I 
venture to ask you to record the fact that I iccollect seeing a 
precisely similar structure in the ice of the lake in Kew Gardena 
in February 1880. The phenomenon occurred ifurin^’- a thaw 
that preceded by a day or two the uicmorahJe snowstorm of that 
monln, and the aspect of the ice, where it had httn broken 
throngn, recalletl to my mind that oi the well know?! fossil 
imaUififtinfy as it was butU np of vertical columns, 
irregitltiTly hexagonal in section, about a quarter of an inch in 
diameter and ol equal length with the thickness of the ice, 
about 4 <?r 5 inches. If 1 remember aright, bright sunshine had 
been thawing the ice dating the day. 1 marie a nt)lc on the 
occurrence at tlte time, but as 1 came to India shurtly after I do 
not know what has become of it. 

T. p. 1 A Touche, 

Gcol igical Survey of India, 
Camp near Chertapunji, Assam, March 4. 


Brilliant Meteor, 

I SEND you an account of a meteor T saw on Saturflay evening 
last, thinking it may interest others as much as it has myself. I 
WAS Uihp-feignalling at the time (8,55 p. m. ), and saw far the largest 
meteor I have ever seen. It woh for brighter than any planet, or 
even than a good rocket. It seemed to start from the Great 
Bear, and fall in,a north-eaM direction halfway to the horiiou. 
I immediately stopped my message, and asked my companion 
(a mile distant) if tie had seen the meteor. He replied he had 
not* which surprised me, though he had the town lights not far 
behind him, and he was looking away from the north-east. I had 
not tinished aeking him about the meteor, when T heard a loud 
but distant report, which I con otdy put down to the same 
sdttroe. It soupded like distant artiUery, or more particularly 
like a six^pounder at six miles distance pn a still evening. The 
interval of time between the sight and the sound I should 
estimute at a minute, T, Herbert Cdark, 

Wingfield, Trowbridge, ApHl 30. 


A New Mountain of the Bell. 

Nave the kindness to correct two typographical errors in ray 
cdmmvtiuoaiion dvserihing the "New Mountain of the Bell, 
printed in your fssae of April 25. On p. 607, col. 2, line 7i 
40 uotono^ wper^uotts comma after the word ijuarta ^uld 
ba ko Ea to read quartz pebbles and veins. 

Near toe wiora of the sawte column **mpdem gOng " should 
Aa a matter of fact the is Ikr 

IfiCttn '^rondhrta* ft eoRwistt Of a heavy ptank nearly z inches 


thick, 14 feet Jong, and «u>pended by ropes at tv o points 4 firrt 
from either end. When struck with a wooden mallet, this 
primitive gong emits a loud sound* At ihe Mouastery qf St. 
Catherine, three of these are in u6e,ione smali one to cidl to 
their noonday meal the numerous cats which inhatdt the 
rambling old building. H. CaruinCtTON Bottow- 

London, May i. 


KLEJNKS IKOSAHEDRON:^ ^ 

I T has recently been said, with great truth, that, pure 
mathematics is at the present moment the most 
progressive of all the sciences. It is, we mukt confess 
with sorrow, equally true, that the means at the disposal 
of English pure mathematical students for making Ipfein- 
selves familiar with the recent advances in their sciotlce 
arc deplorably scanty. This is not the place to discuss 
the reasons why it has so long been the case in this 
island that the stars of our mathematical firmament have 
been 

** Rfoiii's gut fiknf et disparaimt 

and not fixed suns, with minor but still useful bodies 
around them, receiving their light and completing their 
systems, But it is obvious that this shortcoming has been 
closely associated with the backward ‘itate of our text- 
book literature in pure mathematics. There exist in the 
English language so few books through whose pages the 
reader can so much as descry the frontier land of pure 
mathematics that ever>* addition is an event of import- 
ance. Such an addition is Mr. Morrice's translation of 
Klein's " Ikosahedron.** Klein’s book is m many respects 
the most charming piece of modern mathematical writing 
that has appealed for many a day, It is a rare combi- 
nation of great originality with wide and far-reaching 
views, Teutonic minuteness of scholarship, and a candour 
in dealing with the w'Ork of others wdiich docs not always 
accompany the other high qualities just mentioned. If 
we were asked to name a single book that would beyond 
others give the reader a comprehensive glance over the 
wide field of modern pure mathematics, and give him 
an introduction to this study which would at once both 
interest and instruct him, we should without hesitation 
name Klein’s “ ikosahedron.” The work interweaves, in a 
singularly felicitous and natural way, the most remote 
and apparently unconnected branches of higher pure 
mathematics. In the course of its perusal the reader 
will make acquaintance with the geometry of the re- 
gular solids, the theory of substitutions, the theory of 
functions of a complex variable, invanants, the theory of 
linear differential equations, Riemann’s researches on the 
hypergeometric scries, Galois’s theory of the resolution 
01 algebraic equations, elliptic functions, PUicker’a line 
geometry, and the special theory of quintic equatiana. 
Thijs enumeration will sufficiently indicate the wide 
sweep of the work ; but let not the reader be alarmed. 
If he is ignorant of all these subjects, 90 much the more 
will he enjoy the pleasure of Prof, Klein’s introduction 
to them. He will find that he is led, by easy and 
pleasant ways, first to see tlie interest and importance of 
these subjects, then to panoramic aspects of them, and 
finally to just so much detail as will make him (if he be 
right-minded) thirst for more. Speaking from piut 
experience, we should say that one of the greatest dis- 
advamages of modern specialism is the repulsive force 
which it establishes at every point lo Uic entrant. Let 
an EngHsh student sit down, for exiimple, to Jordan’s 
“ Thi^rie des Substitutions*” He is at once plunged into a 
sea of iww terms and definitions. He is bamed by a 
k^idoscopic atray of subtle distinctions between con- 

^ tutum thtt Ikt«aH«Ii;on, and tbo Solution of Equation* of tb« 
Fmb By Kkla. tranttW^ by Gfiorga Gavtn worrioe, M. A*, 

M.B. <Ci»n<iofi ; Tfflhner arid Co., 1888.) 
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that are uafatihiHiar to him. He toils throti^ 
iteaoNtiofi of abati^t problems whose formulation he 
lEoperfectly grasps^ and whose interest and importance 
he has not l^en perpiited to see beforehand. The very 
beauty and logical rigour of the work is a hindrance to 
him i it entan^es and suffocates him at the outset. And 
yet M. Jordan’s work could not be otherwise, could not 
oe better for its purpose, could not be dispensed with. 
But let the learner first read Klein’s “ Ikosahedron.” He 
will there see the substitution theory first applied in 
simple cases with concrete illustration, and will then be 
led oy degrees to see its all-embracing character. Then 
let him return to Jordan, and he will say of the theory of 
substitution, 

** Her loveliness I never knew, 

Until she smiled on me.” 

Uhder ordinary circumstances, any detailed analysis of 
a mathematical work would be out of place in the pages 
of Naturk:. The appearance of the “ Ikosahedron ” 
in English is, however, an event of such importance that 
it womd be wrong to miss the opportunity of giving the 


sphere made by the planes of symmetry of a nqpito 
tetrahe^n, a b c B, tw vertex of prelection being the 
antipodal point to a, and the plane of projection 
diametifal plane of which A is tbe pole. The spherical 
surface is obviously divided by the planes of symmetry 
into twelve (non-shaded) congruent triangles, imd twelve 
other (shaded) congruent triangles, each of which is the 
image of one of the former in a plane of symmetry. 
These triangles lie in sets of Vj 2 about points such as 
F, which correspond to mid-edges of the tetrahedron, In 
sets of Va =* 3 about points such as E, which correspond 
to centroids of the faces, and in sets of vg *• 3 shout the 
points which correspond to vertices of the tetrahedron* 
It is farther obvious that any one of the unshedfd 
triangles can be transformed into each of the other 
unshaded triangles by one of the group of N » 12 rotatiem 
which cause the tetrahedron to return into itself. If we 
mark one of these by inscribing i, and if S denote a rota- 
tion of period 2 (t.e. of angular magnitude 2 n/ 2 ) about O, 
' T a rotation of period 2 about F, and U a rotation of period 
5 about A, then the rotations by which the region i is trans- 
formed into the other twelve arc — 



English mathematical world some account, however 
imperfect, of its contents. 

The proper subject of the work may be said to be the 
general theory and applications of functions which arc 
transformable into themselves (t\e. are unaltered) by a 
finite ^oup of substitutions. By a of substitutions, 
or indeedf of any operations whatsoever, is meant a 
complete set of operations of such a nature that the com- 
bination of any two or more of them is equivalent to 
some one of the set. The number of operations in a 

^ 18 called its order, and tbe order may in general 
ice or infinite. A leading feature of Klein's work, 
indicated by its title, is the ^ometrical connection Which 
he establishes between certain groups of substitutions, and 
the rotations which cause a regular solid to return into 
Utfelf U is obvious beforehand that the totality of such 
rotations for any given regular solid forms a group of 
finite order, for any two sneoessive rotations of the land 
may be replaced by a single one. The accompanying 
figure wUl make the connection plain. U represents the. 
stereogThphic projection of the traces on a circumscribed 


1, U, S, SU. SU 3 , T, TU, TU 3 , ST, STU, STUt; 

and these give the twelve rotations of tbe terrahedral 
group expressed succinctly in terms of three of them^ 

The same holds for the shaded triangles. Hence, if we 
pair each non-sbaded triangle with a shaded one, and 
thus form a fundamental domain, then we see that any 
point within such a domain (boundary and summit points 
excepted) is transformed by the N tetrahedral rotations 
into N other points, one of which lies in each pf the 
N domains. (Here we count the transformation of thfi point 
into itself, viz, tbe rotation represented by the idofittcal 
symbol i.) We pass over the questions that arise it^^ard- 
ing the composition of a group and the conception Of 
extended group which embraces reflections in the pla^ 
of symmetry as well as rotations, and merely mention 
that a similar theory is established for the dihedron, f<e., 
the figure composed of a great circle of the sphere 
divided into « equal parts, the octahedron, and the 
ikosahedron, the characteristic numbers being given by 
the following table;— 

VI V3 VJ N 

Dihedron ... 2 ... 2 ... n ... 2 n 

Tetrahedron ... 2 ... 3 ... 3 ... 12 ' 

Octahedron ... 2 ... 3 ... 4 ... 24 

Ikosahedron ... 2 ... 3 ... 5 ... 60 

The next step is to connect each point on the where 
with the value of a complex variable ^ or with the ratio 
of two complex variables ss ri/r*, This is done, afj^r 
the mannerof Riemann, by representing 2 » intu 

Argand-diagram on the diametral plane of the sphere r 
and then projecting the point (a-, y) stereogra|^jt^Uy 
upon the sphere. 'The point on the sphere ts then spoken 
of as the point (x) or (jTi, r,), 

It is next shown that every dihedral, tetrahedral, octa- 
hedral, or tkosahedral rotation is equivalent to a non- 
homoj^neous linear substitution of the form— 

d «(Ae + B)/(C5 + D), 

or to one or other of two pairs of homogeneous substUii^ 
tions of the form— 

+ BSj, z,' =a Csx + B*, J 

and the proper values of A, B, C, D are calculated for 
each case. 

If we consider the values of 2 corresponding to a poinh 
and the N — 1 other points into which it is trUnsfbrtmw 
by the N polyhedral rotations we see that they are 
roots of an algcbmical equation of the Nth d^ree. 

Z ^t) me, tfio cbwcteriitic Z <kf whish muiTSsiv* m'- 
propwty of romnialng vmltentd by every one. of the N, 
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iKMi^boinatfeiieouB tubstitutions. And ttere 

<ad«thcmioiencou«MitMTAl<^cUoiw o ^a) 

m t& two Tjimmes su contaimng ^ ^ 

wunrtiittter, which remain unaltered, to a factor tor 

ate first determined. First, a special function (of 
deiarree is determined, such that F, « o gives one 
Of the Pi summits on the sphere, and the N/»'i * 

other points into which it U transformed by the poiy- 
bedral rotations. Then Fi"* is a particular function 
havinff the property sought for. By an eluant applica- 
tion of the theory of mvariants, two other functions, 
F, and Fa, corresponding respectively to the Pt and 
silmmits, are derived from Fj. We then have for the 
general invariant function reauired — 

^iF/l + XaF/a +A#F/3. 

which contains only one arbitrary parameter, since there 
is in each case an identity of the form — 

connecting Fj, Fj, F,. In the particular case of the 
ikosabedron wc have — 

F, 

-lOOOSWV+^x'V"); 


with rcsoect to 2 (sec ForsytVs Differantial Equations," 
§ 67 il.) ; and that 2. and 2. each satisfy the 

linear diffmntial equation— 


SiW*) - 494^1 
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Fj= - + 228 ( 54 ** 2 / 

F,i = W»i^® + iisiV - V") ; 
andF/ + F/ - i7a8F/ = o. 

The non-homogeneous function Z is next discussed. It 
is shown that any form of 2, whatever, is a linear rational 
function, +ff)/(yr say, of any particular form 
2 } ; so that it is sufficient to determine a special form Z 
subject to the conditions that Z assumes the valuM 00 , 
for the pj, pj summits respectively. It is found that 
Z - fF/s/FA and thus the synthesis of the polyhedral 
functions is completed. 

In Chapters III. and IV. of his first part, Klein dis- 
cusses theinversion of the polyhedral functions. If, in the 
polybei^l eithatioB rF/a/F^^# « Z, we suppose Z given 
ana z require, sf appears as an N-valu^ function of Z, 
whose properties it becomes our business to discuss. 
Parallel to this moblera we have a “ form-problem,” There 
are for each of the five polyhedra a set of three forms 
which are ak^olutely invariant for the aN homogeneous 
polyhedral substitutions ; thus, for the ikosahedron, these 
ate the special forms Fj, F#, Fs, themselves. We may 
suppose the values of these absolutely invariant 
forms given, sutyect to the identical relation which in all 
<ase» connects them ; and require the values of Zi and 5^. 
lliere art in each case aN solutions of this “form-prob^ 
and it is shown that these can all be obtained from 
(thd N solutions of the corresponding polyhedral equation 
by adjoh^ng an accessory square root. It is, of course, 
obvious that the N solutions of the polyhedral equation 
and the 2N solutions of the corresponding form-problem 
can aW be deriyed from any one of them by the N non- 
homogeneous apd the 2 N homogeneous polyhedral 
substitutions respectively. ^ „ 

A brief graphical discussion is given of the functions Z, 
2i, Zi i and S is shown that Z satisfies the differential 
equation-^ 




-m 







.Mww fldto of which in the differential invariant 
has called the Schwar*ian derivative of » 


Through the latter eiroations and ate idenh^ as 
particulMcaseeof the Riemannian P-function, w»d thus 
Connected with the theory of 

Here Klein’s work comes in conttM wiA the w^toow 
researches of Schwart-" Ueber 

welchen die Gaussische tfyP^’VOOiwtnnd^ Rei^we 
A^ebraische Function ihres vierten ElementeS darmeUt 

^^Tbe’inveraion of the P®*y*‘®^'** of^^the 
sidered from the standpoint of Galois s theory of th^e 

resolution of an algebraical equation. A" 

line of this theory is given, so far as “ 

problem on hand. The starting-point 

the famous theorem of Lagrange, which, in a 

form, runs as follows: If R, Ri, R*. • • ■ i 

functions of the variables a;*, • • • • imvc 

unchanged by all the substitutions j**®. **! 

R„ R*, simultaneously unaltered, then R can to ex 

pressed as a rational function of R,, R*,,- • • * 

Sementary symmetric functions of t**® . ^ l^e 

if we characterise all the funrtions which 

unaltered by) a given group of substitutions, G, as bdong 

ing to the family G, we see that all the 

familv are rationally expressible in terms of one another. 

Suppose now that we have any algebraical equations, 
/(X) - o, whose roots are . . • • and we ^at^om 
thereto a group of asymmetric 
of its roots, whose values along *’*® 
of /(a) are supposed to be “known, then ‘l*^® 
a group of substitutions, G, that, .'wi*'®" 

K,r^^7. are unaltered, such that aU foncttons of the 
family G and no others arc rationally expressible in terms of 
the “ known quantities.” If R be a function of ar,, a-*, .... 
.r«, not belonging to the family, Imt say to *1*® ^ 

where ^ is a sub-group in G of the order v » N,« , then 
we can form an equation for R, vi*., 

(R - R,)(K -R.,) (R- R«i) = o, 

whose coefficients are rational functions of the known 
TOamities. Such an equation is called a resolvent of 
» o. All the resolvents constructed by means of 
functions R which belong to the same A ^ 

identical in the sense that they are ‘""sform- 

able into each other, and with these “ 

resolvents arising from funcuons belonging to the families 
r . . where IT., .Ta, • • • ^reihe sub-gro«PS assopa- 
ted'^ithVi ” in the ma?n group G of the onginal e<l«a*'®“* 
There are therefore as many different k>n<fe of resolvents, 
as there are different sets of associated 
The group r of every resolvent is isomorphws wth tTO 
orlgi^ group G ; that is to say, we can order the two 
grTOOS so that to every substitution S in G corresponds one 
gi j^*r to every combination of substitutions STU 
.... in G corresponds S'T'U‘ . . . . in r. ®®rre- 

spondencebe holohedric (one S for n^ery S ), then the 
I'Molvent and the original equation are equivalent m the 
SMteXtwryrootoftheone is rationally expressible 
in terms of tii^oots of the other and of the known tjuan- 
tities ; each is In fact a resolvent of the othw. 
among this species of resolvents stan^ tbe 
restds^ whose R is a perfectly 

regkrds tie substitutions G. The degree of this resolvent 
is the highest possible, viz. N. Since the 
betengit>r»o any root R, of this equation reduces to the 

identical substitution^ it follows that we can express each 
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of the ih terms of K|. In fnct, all the roots of the 
iSatoU resolvent are rational functions of any one of them ; 
and it has the remarkable property of being transformable 
into itself by a group of N rational transformations, which 
stands in holohcdric isomorphism with the group r. It 
1 $ also established that an irreducible equation of the Nth 
decree which is transformable into itself by a group of N 
rational transformations is its own Galois resolvent ; and 
its group is holohedricaJly isomorphous with the group of 
the N transformations. We are now enabled to perceive 
a very important property of the polyhedral equations, 
vii. each of them is its own Galois resolvent ; the N 
rational transformations in question being simply the N 
linear polyhedral transfonnaiions. Every polyhedral 
equation therefore stands in a fundamentally simple rela* 
tion to any equation of which it can be hhown to be a 
resolvent, 

' If we consider the case whexe the isomorphism of the 
groups G and r is not holohedric — ^thal is, where to each 
of the S'^s corresponds a group of the S^s, wc see that this 
necessitates the existence of a self- conjugate 
eSate) group y in G to which belong the whole of the K's. 
If to the otner known quantities we now adjoin the R’s, the 
solution of the original equation /(.v) =*= o w’iil be simpli- 
fied, because its group is now y, which is smaller than G. 
Moreover, the R^s themselves are calculable in terms of 
the known quantities by means of an equation whose 
group r is also smaller than G. In this case, therefore, 
an essential simplification in the formal solution of the 
equation /(jr) can be cfifccied. If the group y be 
either intransitive or composite, a further simplification 
would ensue, in the one ca^e by the reduction” of 
/(r) o, in the other by the construction of another 
resolvent having a smaller group than y. 

Thci application of the latter part of the general theory 
in combination with the data regarding the groups of 
the polyhedral substitutions obtained in the earlier 
chapters, lends at once to important conclusions re- 
garding the polyhedral equations. It is found that the 
octahedral equation cart be solved by extracting in 
succession a square root, a cube root, and finally two 
square toots ; the tetrahedral equation by the same 
series of operations, if we omit the first, and the di- 
hedral equation by extracting a square root and then an 
«th root. All lliese equations are therefore soluble by 
means of the ordinary e/em^ti/ary algebraical irration- 
alities. 

The ikosahedral equation stands by itself because the 
ifcosahedral substitutions form a simple ” group ; its 
lowest resolvents correspond to the five associate tetra- 
hedral and the six associate dihedral sub-groups of the 
ikosahedral main group, and arc of the fifth and sixth de- 
grees respectively. This is, from one point of view, the 
main part of the theory, for it lends us to see that the 
solution of the ikosahedral equation involves an irra- 
tionality which exists independently of the ordinary 
algebraical irrationalities. 

Since Abel demonstrated the impossibility of solving 
general equations whose degree exceeds the fourth by 
itmans of elementary algebraical irrationalities, two, 
or perhaps wc should say three, great classes of 
problems in the higher theory of equations have arisen : 
(l) to characterize aird classify all those exceptional 
cases of equations of a degree exceeding the fourth which 
can be solved by elemental^' irrational operations j 
(a) to Circumscribe the domain of the higher algebraic 
irrationalitieft^that is, to characterize and exhaustively 
classify all the essentially distinct irrational operations 
which are required for the solution of any algebraical 
et^uation of finite order,— this is not to be confounded 
with the interesting and practically important, but 
perfectlyr distinct, question regarding the solution of such 
equations by means of transcendental irrationalities, such 


as circular and elliptic functions ; (3) >rt connection with 
each distinct higher irrationality, there arises, of course^ 
the question as to the characteristics of the vario^ 
equations which can be solved by mean* of this 
irrationality and others of a lower order. 

Much has been done in the working out of the fim 
problem by Abel, Kronecker, and others ; but compar^ 
lively little progress has been made with the second 
class of problems. In Klein^s work we have an 
important contribution to this new branch of the theory 
of equations ; and a sketch of a general n>ethod which 
seems to promise farther advance In the immediate future. 
The latter part of the book under review is almost en- 
tirely occupied with this subject. He there shows by two 
diflerent methods that the solution of the general quintic 
equation can be effected by means of the ikosahedral 
irrationality combined with an accessory square root A 
brief sketch of his first method will enable the reader to 
understand the general march of the investiffation. If to 
the rational coefficients of the qiiiiUic equation we adjoin 
the square root of its discriminant, its Galois group be- 
comes the 60 even permutations of its roots. Now this 
is isomorphous with the group of the ikosahedral equa- 
tion, and therefore (since that group is simple) with the 
group of any of its resolvents. Hut it is shown that one 
of the ikosahedral resolvents (“ the principal resolvent ”) is 
an equation of the fifth degree of the form + SQ^'^ + 
5R/+S, where G, K, S are rational functions of three 
arbitrary parameters w, «, Z, The question then naturally 
arises. Can we rationally connect the roots of this re- 
solvent with the roots of the genera) quintic by properly 
determining the parameters «, Z ? By means of a 
Tebirnhausian transformation, we can reduce the general 
quintic to a principal equation ” of I he form -f* 50^'-* -f 
0 y + y ; and it is shown that the necessary operations 
become rational after the adjunction of the square root 
of the discriminant of the quintic. We have thus two 
equations, each involving three arbitrary paramclers ; and 
it is shown that the determination of «, Z in terms of 
«, y so as to satisfy the equations Q * a, R “ S ^ y 
involve no farther irrational operations. 'I'he calculations 
in both methods are full of beautiful details, partly 
geometrical and partly analytical in character. 

In the last chapter of the first part a general st^fvey of 
the theory of the polyhedral functions is given, wherein 
their relation to a variety of other functions is pointed 
out. In particular it is shown that the polyhedral 
functions virtually embrace all functions that admit” a 
Jimye group of linear transformations The proof of this 
depends essentially on the fact that the diopliantinsi equa- 
tion, X ( 1 - i/V/) 2 -- 2/N, where the and N ate 

all finite and positive, has only four solutions, via. tW 
values of V3, N (given in the above table), which 
characterize the polyhedral functions. I n these four cases 
ijpi 4. i/pjj 4. i/Vy >1. If in the differemial equation 
(A) wc give to Vj, vg other integral values for Which 
i/vj 4. i/vj 4- i/j'g or < 1, we get the Schwanfeian func- 
tions, which arc transcendents admitting infinite groups 
of linear substitutions. Among these, as a limiting case 
corresponding to v, 3, « 3^ ^ 00 , are found the 

elliptic modular functions. This fact naturally leads to 
the attempt to solve the polyhedral equations by means of 
iransccndcntally irrational functions ; and H is shmyii 
that, just as the binomial equation, Z* » A, can be. 
solved by means of logarithms, and the dihedral equa^ 
tion, £(** + ^ - 4Z1+ 2, by means of 

functions, so the tetrahedral, octahedral, and ikosahedral 
equation^ can be solved by means of elliptic modular 
functions. , 

The above iirtperfea sketch of Klem^s Ikosab^dron?^ 
will, we trust, be held sufficient to justify u.s in saying thdt 
Mt. Morris's hope that his translation ** may contribute 
towards supplying the pressing need of text^books 
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iht branches of mathematic ” is not a vain hope. 

Jte coiild not, in our opinion^ have made a better 
begmaia;. If our critical responsibility compels us to 
IKuiit out some defects in the execution of the work, we 
trust that this wilt be understood as Indicating our desire 
to see the book made perfect ; and not construed into 
depreciation of a valuable service to the cause of pure 
mathematics. 

We strongly advise the author to have the translation 
read by some one who is familiar with both English and 
German idioms, and who possesses also some familiarity 
with the departments of mathematics concerned. In 
proof of the necessity for such a revision, we draw the 
author's attention to the following points, which are 
merely a few of tho^e that have attracted our attention. 
W^u Klein says (Et. 1 . chap, iii., g 7), “ Die Lineare 
Differentmlgleichung zweiter Ordnung, verlangt also, 
. . zu ihrer LOsung nur noch cine einzige Quadratur 
he does mean, ** The linear dtlTerential equation of 
the second order, therefore, requires, • . - i only a single 
square root besides in order to solve it.^' Quadratur 
means simply quadrature. (/>,, direct integration), it 
never means square root. Here a knowledge of the 
properties of the Schwarzian derivative might have helped 
the translator to divine the meaning of the German 
technical term. On p. 96, “ But for this the determina- 
tion of the R's themselves is more easy to carry out," is 
not a good, but in fact a misleading translation of the 
German “ DafUr aber ist die Hestimmung , . Dafur 
here means “in compensation for this." At the foot of 
the same page occurs a very common confusion between 
wenn then and wnn gleicky which has the effect of 
exactly reversing the meaning of the note. “ Hicrdurch 
o (wenn eben y, in den x geschrieben, nicht 
transitive ist) mdglicherweise reducibel geworden scin," 
means, “ Hereby /(.r) o may possibly have become 
reducible (namely if (or precisely if) y, when expressed in 
terms of the ys, is intransitive) " for, of course, an 
equation is reducible if, and not unless, its group be 
intransitive. W still more important error occurs on the 
following page, where, in the definition of the Galois 
resolvent, Gnrc einzelnc Wurze) bei jeder in G enthal- 

umgeiindert wird" is trans- 
lated ita individual roots are unaltered^ &c." First of 
all, this makes nonsense of the definition, as definite 
knowledge of the subject would have shown ; and farther, 
supposing the translator to have read un- by mistake for 
a knowledge of German idiom would have ahown 
him that “ungeiindert udrd^^ makes nonsense of 'the 
German. The error is deliberately repeated on the fol- 
lowing page, where in umgekndertcr Reihenfolge " is 
sranalated in unaltered sequence," instead of “ in 
altered aequence." These are vital errors, which should 
at oooe be corrected by means of an “ errata-slip " ; for 
they afould be a serious rock of offence for a tyro irf 
riding the passages where they occur. There are many 
other cases, however, where loose translation somewhat 
obscures the crisp and lucid exposition of Klein, which is 
quality is not all too common among 
Ktem s countrymen. There are a considerable number 
of mi^sprmt^ many of them copied from the original. 
An amttwng instance of this occurs in the first footnote 
P- 73 i where the title of Schwarz's well-known 
memoir begins “ Ueber ditnigtn Fklie, 6 tc,** ; this is in 
the original, but the transcriber should have known that 
impossible German. Nevertheless, we declare, 
with aji the sanction of our critical stool of infallibilrty, 
thftt Is a notable piece ^ good 

knd he did well to publish (t without waiting to 

g srfect Urn khaWledge of German idiom or of Galois's 
blemishes allti<kd to end bt easily amended 
ivhen another edltloh is trailed for, which wHl be speedily, 
If dm gOQ^ wishes avail r » 

G,.Ch, 


TM£ NORT//FLEET SEE/ES ELECTRIC 
TRAAflVAV. 

/^N Monday, April 29, there was opened for regular 
^ paasengw traffic an electric tramway at North- 
fleet, near Gravesend, which marks an ere in the 
history of electric traction. This line has been run 
experimentally for the last month, but the seven years 
rioard of Trade certificate having been received, this 
line now enters on the commercial stage of its exist- 
ence Four tramways on which electricity is the motive 
power have been in regular use for the la^t few years in 
Great Bril^n: it is not, therefore, because the North- 
fleet line is the first electric tramway in this country 
that it has attracted considerable attention ; nor is it 
because it is the longest electric tramway, for two of the 
ot^r four are of much greater length ; but it is because 
this Northfleet line has been constructed on a totally 
different principle from that hitherto adopted on this side 
of the Atlantic that it is worthy of special consideration. 

When a number of electric lamps or motors have to be 
supplied with power from a common centre, there are 
two well-known methods by which this can be done. 
They can either be Joined “ in parallel," as it is technic- 
ally called, or they can be coupled up “in series," In 
the parallel system, the one generally adopted with 
electric lighting, and hitherto the only method that has 
been employed with the electric tramways in Europe, the 
electric current that passes through any lamp or motor 
doe? not pass through any other, .and the dynamo pro- 
duces a large current ecmal to the sum of all the currents 
passing through all the lamps or motors. In proceeding, 
therefore, from the dynamo end of the circuit to the 
distant end, there is a steady falling off in the current, but 
the electric pressure remains, or may remain, nearly 
constant. In the series system, on the other hand, the 
whole current produced by the dynamo passes through 
all the lamps or motors in succession, and therefore this 
current can be small. The initial electric pressure, on 
the other hand, must be large, since the energy imparted 
by the current 10 each lamp or motor is represented by a 
drop in the electric pressure. Since the energy furnished 
by the dynamo depends on the product of the current 
into the electric pressure it produces, while the waste of 
power in heating the conductor depends on the square of 
the current flowing through the conductor, it is clear that 
while any amount of energy can be supplied by either 
system, the use of hi^fh pressure and small current is by 
far the more economical as regards the power wasted ia 
heating the conductor, this economy being the greater 
the greater the number of lamps or motors on the circuit. 

Until a few years ago, however, it was not clear how it 
was possible to run motors electrically in series when 
the motors were themselves in bodily motion, as they 
must be when employed to propel tramcars. In i88t, 
Profs. Ayrton and Perry, for the purpose of diminishing 
the loss of power through the leakage of the current that 
occurs from the insulated rail of an electric railway to 
the earth, and which becomes serious when the line is 
long, proposed a plan of electrically subdividing the 
railway track into sections so arranged that the electric 
current was only supplied to that section of the track on 
which a train happened to be at any moment. This 
system was described and shown in action at a lecture 
givenbyone ofthe inventors at the Royal Institution in 1882, 
and the late Prof. Fleeming Jenkin, on reading the account 
of this lecture, saw that the device of employing an elec- 
trically subdivided conductor supplied the means of 
running electrkal trains in serits. A combination was, 
therefore, brought about between these three Professors 
to develop etectric traction. This combination resulted 
in the farn^don of the Telpherage Syndicate, and lastly 
in the Series Electrical Traction Syndicate, to whom is 
due the construction of the first series line in Europe, the 
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pne Att was opened for public traffic at Northfleet, 1 
on April 29. . , *»«. ' 

The track itself docs not at first sight appear to diner 
from an ordinary horse tramway track, there being no 
overhead wires as in the American electric tramways, 
nor anxUlary raised insulated rail, as at Porttush, nor 
central trough, as at Blackpool. A closer inspection, 


however, shows that one of the rails at NorthfleOtt Instead 
of being simply grooved, is a double fail with a cavity or 
slot between mt two portions, Fig. i shows the general 
cross-section of the Iine> the upper portion only of which is 
of course visible to the passer-by. In the cavity “ the arrow, ^ 
as it is called, glides, being drawn along by the moving 
car, the function of the arrow being to open the electrical 
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conductor at successive points, and insert the electric 
motor carried by the moving car in the electrical circuit. 
This arrow is made of flexible leather with a kind of 
steel 8pear*head at each end ; it is coated with two 
flexible conducting strips, i, 2 (Fig. 2), insulated from 
one another, and permanently connected respectively 
with the two terminals of the motor. As this arrow 


glides along, it passes, as seen in Fig. 3, between theltwo 
portions of each spring- jack, the spring-jack being shown 
in detail in Fig. 4. The arrow keeps open two spring- 
jacks at any one time, the portion of the cable joining 
them being either cut out of circuit or short-circuited, its 
place in the electric circuit being temporarily occupied by 
the motor on the car. This result is attained by the con- 
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ducting-strips !, 2 (Fie 2) on the arrow, being each 
wrapped round one end, and by an insulated space, 5, 3, 
being left on each side, slightly longer than the surface 
of contact B of the spring-jack. When the sceptical 
Enghshman, who, in the past, could not realize that rail- 
ways could ever succeed if the carriages were not shaped 
and painted like mail-coaches, reads a descripuun of the 


Northfleet series tramway ^ he at once jumps to the con* 
elusion that stones must necessarily get wedged in 
slot ; that the cavity will get filled up with mud ; that 
the arrow must stick ; and that the method is impossible 
in practice, though very pretty in theory. When he is 
told that a senes electric tramway has been running 
successfully for some time in Denver, Colorado, and that 
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anodier series line, twelve miles long, with forty cars on ; 
it, is completed, or on the terge of completion, in Colum- 
bus, Ohio, he merely shrugs his shoulders and impUes 
that such crude Ideas may do for America, but that in 
this country we want dnm-bohoured well-tried methods, 
and not new-bmgled notiems. The Northfleet cars, ttow- 
Wervse^ to have a nmriced disregard for coAseirvative 


prejudices, slncb the arrow, with an ease and Icdty conteriapt 
that makes one re^ct the silent power of the 
current, simply whisks out of its way any stone rimt ha« 
b^n intetnionaHy Jambfted Into the slot as tighdy as 
mischievous London urchin can fix it 
The spring-jack (Fig* 4) conriSte of a jwUr Of 
earthenware blocks, 14 X 3 X 4 indtes. To 
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U attached, by means of a double spiral spring, a gun- in a few minutes in case of any failure. The electric 
metal easting? curved at its ends to allow of the easy resistance that they offer is much smaller than would have 
entrance of the arrow. The spring-jades are arranged been anticipated, the total measured resistance of the 
so that they can be taken out or replaced in the conduit entire line being but little higher than the calculated re- 
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sistance of the insulated cable. This is probably due to affected by the starting or stopping of any other, it is 
the surfaces of the spring-iacks being kept bright and necessary, with series working, that a c^^nsfani current 

dean by the arrow constantly running through them. should be supplied to the circuit. Now while it is pos- 

In order that the speed of any one car shall not be sible, by winding the field-magnets of a dynamo in a 
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pisxdcubir way^ known as compounding/ to cause it, practically attained when the supply conditions are 

a fiaced speedy to supply perfectly con^ stant currmt Henc;e some mechanical device is^neces- 
slltnt; premte *0 a oiituit^ BO sary in the tatter case, and the one employed with the 

irf tlto iney yaryi ho such solution has yet beeti Nonhfieet dynamo is that due to Messrs. Statter, and 
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fe»tt m Fig, 5. A small pinion rotated by the dynamo 
i^fialc rocks a doable ratchet by means of an eccentric* 
One or other of the ends of this ratchet is puUed doam 
n>nd made to engage with the ratchet wheel depending 
•on whether the current is greater or less than 50 amperes^ 
the normal current supplied to the line. The rotation of 
^e ratchet wheel alters the positions of the brushes on 
the commutator, until the current is diminished or in> 
•creased to 50 amperes, when the iron core attached to 
the ratchet, and which was previously sucked down below 
its normal position by the solenoid, or not sucked down 
so far, is now held in its normal position, and the ratchet 
kept tree of the ratchet wheel. This mechanical con- 
stant current regulator works well, with a surprisingly 
small amount of sparking at the commutator. 

As constant current is supplied to the line, the speed 
•of the car could not be altered by introducing resistance 
into the circuit ; what is done therefore is to shunt the 
field magnets of the motor with a less and less resistance 
by moving a lever on the car, as less and less power is 
required to be developed by the motor. When the car 
is at rest at the end of the journey, the motor is entirely 
■cut out of the circuit by the handle being pushed full 
home. With horse tramcars a mechanical brake must 
“be employed, and the energy of the moving car wasted in 
jfi'iction ; indeed with the continuous vacuum brakes on 
the modern railway trains, not merely is the energy of the 
’train wasted, but coal is actually burnt to stop the train. 
Some years ago, however, Profs. Ayrton and Perry pointed 
•out that when an electric train was running down hill, or 
when it was desired to stop the train, there was no 
necessity to apply a mechanical brake and waste the 
energy of the moving train in friction, because by turning 
a handle the electromotor could be converted into a 
dynamo, and the train could be slowed or stopped by its 
energy being given up to all the other trains running on 
the Same railway, so that trains going down hill could 
help the trains going up hill, and the stopping trains 
could help the starling trains. And at that time they 
proposed detailed methods for carrying out this econo- 
mical mutual aid arrangement whether the trains w^erc 
running in parallel or in series. But there is this great 
difference between the two systems, that whereas with 
motors in parallel it is only as long as a stopping train is 
still running fairly fast that it can help other trains ; on 
the other hand, when one of a group of motors in series 
•has been temporarily converted into a dynamo by the 
reversal of the connection of its field-magnets, this motor 
can return energy to the system clown to the very last 
rotation of hs armature. This difference, which is greatly 
to the advantage of the series system, will be easily 
understood if it be remembered that a motor will help 
other m )iors in series with it if it Supplies a forward 
deettomotive force, however small, whereas if the motors 
be in parallel it is necessary, in order that a motor should 
give energy to the system, that it should be able to 
reverse the direction of the current that was previously 
passing through it— in other words, produce an electro- 
motive force actually larger than the potential difference 
set up between the mains by the dynamo itself. 

And not only is this form of brake very economical in 
that it acts by saving power instead of by wasting it, but in 
-addition its application imposes no tax on the driver’s 
strength, as is the case with mechanical brakes where the 
pressure of the brake blocks is actually exerted by the 
-driver's hand or foot^a consideration of considerable im- 
portance in these days of the natural revolt of the tram 
slave.** 

At each end of the Northfleet cars there are two 
bandies, one of which regulates the resistance shunting 
theffeld-magnet of the motor, and which therefore replaces 
the hapdle working the throttle valve of a steatti loco- 
ittotiVe, while the other handle reverses the terminals 
<if ihe field-magnet, or short-circuits them when it is in its 


middle position, and therefore replaces the handle which 
operates the link motion in the locomotive. During the 
several journeys we made in the cars, we had frequent 
opportunity of ^ing how perfectly they were under 
control, even when descending the steep hill near the 
Norchfleet railway station. 

One defect of the parallel system of working electric 
tram-lines is that it is possible for a mischievous person 
to cut off the power from the whole line, while at 
the same time the constant potential difference dynamo 
is made to produce far more than its normal current, by 
hfs laying an iron crowbar so as to electrically connect 
the go ng and return conductor. This result he may be 
able to accomplish without much difficulty, since both 
these conductors must be sufficiently exposed along their 
whole length that the passing train can maintain electrical 
contact with both of them. With the series system, on 
the other hand, such a catastrophe is impossible, since 
the return conductor, 3, marked ‘Mine" in Fig. 3, is 
completely buried out of sight. 

A considerable amount of ingenuity has been displayed 
in the mechanical details both on the cars themselves 
and on the track at North fleet. The motor, for example, 
is geared directly to a spur wheel on the car wheel shaft 
by double helical gearing, which runs without biting, and 
at the same time without any chance of slip, since the 
axle of the motor and the axle of the car wheel driven by 
it are always maintained at exactly the same distance 
apart. The result is attained by supporting one end of 
the motor framework from two bearings on the axle of 
the car wheel, and the other end by stout springs from the 
car itself. The tram-line is for the greater portion a single 
track, hence several places where the up and down cars 
can pass, “turn-outs ’ as they are technically called, have 
been provided. As both the up and down lines at the 
turn-outs are electrically in series; special electrical 
devices which appear to work very well have been pro- 
vided for the facing paints at the two ends of each turn- 
out. At one portion of the line the road is so narrow 
that it would have been very inconvenient to the ordinary 
horse traffic, had an up and a down tramcar gone along 
the same side of the road. An up car has therefore to 
pass the horse traffic by following the “ near side,” so 
also has a down car— in other words, the electric tramcar 
if it be going in one direction has to be on the opposite 
side of the road from that followed by an electric tramcar 
when going in the contrary direction, Hut as the road is 
too narrow for two sets of rails the track here consists of 
three rails, a b and c, A and B being used by the car when 
going in one direction, and c and n when it is returning : 
the facing points at the ends of this section being fitted 
with special mechanical and electrical devices, which also 
appear to accomplish their aims with perfect satisfaction. 

A portion of tne line has a long steep gradient of i in 
32, but instead of jaded horses having to tug the cars up 
this hill, they ascend it at a rate of about nine miles an 
hour, so that the wholt journey, which is a little under 
one mile, is accomplished when desired in three minutes 
and a half. 

It is but a few weeks ago that the first trial trip of the 
Northfieet line was made ; it is but now that it is opened 
for public use ; and yet already the passers-by and the 
shopkeepers along the route have ceased to wonder how 
it is that horseless cars full of people rush up hill without 
smoke, quickly start in cither direction, and as quickly 
stop when directed by the passengers to do so; After 
the Englishman has be^ spending soepe time conctui^ively 
proving to himself that a senes tramline lyas a practice 
impossibility, while the American was engaged fh 
ing out the trite saying that "the best way to do a tlhtog 
is just to go and'do it, our countrymen now aeeetit 
regular diily running of the series tramMine at 
fleet as a matter of course, and hkve forgotten ths^\ it* 
very marked success Ought to astonish them. . ' : / 
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THE Examinations for woolwich and 

SANDHURST. 

T he revised Cede for these exaniinations has at 
knfirtb been published. It is to come into force 
attcr January i, 1891, There is to be a preliminary exami- 
nation in elementary Arithmetic, h-uclid, Algebra, French 
or German, writing English from dictation, elementary 
Eatin, Geometrical Drawing, and Geography, for which no 
marks are given, We regret that as this examination 
has now been extended till it includes nearly all the main 
subjects of a modern education, an elementary know- 
ledge of some branch of science is not also required. 
T^cre is also to be a further examination for those who 
pass the preliminary, for which the following Code has 
been adopted:— 

Class 1 . — Ohligatory, 

Mathematics (for Woolwich) 3000 Marks 

,, (for SaadhurKt) ... 2500 ,, 

Eatin 2000 „ 

Freuch or German 2000 ,, 

Class hvo Suhjedi, may hi, taken up, 

II ifrhor Mai hematics ... 2000 Marks 

German or French ... ... 2000 ,, 

Greek 2000 1 ,, 

English History 200O ,, 

Chemistry 2000 ,, 

Fhyjsics ... 2000 ,, 

Physical Geograj^hy and Geology zooo ,, 


Class HI.- 

English Composition 
Freehand J!>rawlng 
Geometrical Urawing 


-, 4 // may he takett, 

500 MarlsS 

500 ,, 

1000 ,, 


Notwithstanding the relative positions of science and 
Latin — which seem indefensible in regard to the 
Woolwich Cadets —this Code of marks is decidedly 
better than that which was the subject of so much 
adverse criticism in the early months of last year. In 
the ftrst place, the allotment of marks which had such 
disastrous effects when adopted a few years ago in the 
Sandhurst competitions is at length abandoned, and 
candidates will no longer be at any disadvantage in this 
respect if they offer ihcmseives for examination in such 
subj^setfi as science, history, or Greek. 

tn the second place, it will now be possible for candi- 
dates to offer Greek or history, together with a branch of 
science, or to offer boeh chemistry and physics. In the 
case of some candidates this may prove a considerable 
advantage; though the fact that the obligatory and 
advanced mathematics can to some extent be studied, 
concurrently may probably induce a large proportion to 
select the latter from Class IL 
Thirdly, the better position that was claimed for expe- 
rimentfil sciences in the Woolwich competition has now 
also been given to these subjects in the Sandhurst 
exominatiow. 

At Arst sight It may appear, after all that has been said 
and done^ that the position of the experimental sciences 
as membm of Ckss II. is not very splendid. It is 
therefore wo^ While to point out, lest it should be over- 
looked by teacbersi that chemist and physics are so 
important: in curriculum at the Royal Military Aca- 
demy, that It will be greatly to the advanta^ of candidates 
fhr the aei#ntjflc brahebes to study and offer one of these 
autdecte, now their inspects of success, will no longer be 
dfouniished hy doiof so. Hence, as a whole, the scheme 
feir eefe^ng and educating cactets for the Engineers 
* Artidery it how reaeonably IkvouraWe for those who 
ap aptitude for experimental braitches of 


science. We think this will soon be recognized by the 
candidates themselves, and that those who are interested’ 
in the science of our public schools will also quickly per- 
ceive the importance of the changes that have been 
secured in the face of very considerable difficulties by the 
action of Sir Henry Roscoe and the other Scjetitific 
members of the House of Commons. 

Altogether, therefore, it may decidedly be said that 
the authorities at the War Office are to be congratulated 
on the result of their conaulutiouswith Sir Henry Roscoe 
and other educational authorities. The new Code is not 
ideal. It does not fully recognize the importance of 
natural science in modern education, and it is to be 
feared that it will lengthen the examination to some 
extent. But, if it be fairly carried out, scientific candi- 
dates will not in future be placed at any great disadvant- 
age j as compared with tnose who have studied other 
subjects, in the examinations for admission to either 
branch of the Army. In regard to this last point, how- 
ever, it would be well if the Civil Service Com mission 
took steps to remove the blot in their system of conduct- 
ing public competitive examinations to which attention 
was called, some years ago, by Sir Lyon Playfair, in his 
Presidential Address to the British Association. We 
allude to the irregularity with which marks are awarded 
for the various subjects at more than one of these exami- 
nations. These irregularities are still unduly large. We 
have before us an account of the marks given in six 
examinations for Woolwich, taken at random during the 
years 1884-88, and it appears that, at these examinations, 
successful candidates who have offered French, (rcrman, 
Greek, and experimental science have been given, on an 
average, 38, 35, 29, and 28 per cent, of the allotted maxi- 
mum marks. A successful candidate offering Greek and 
science would, on an average, have obtained irs4 out of 
the maximum of 2000 ; whilst one offering French and 
German would have been given 1491 out of the same 
maximum. A similar tale is told by the highest marks 
awarded in the respective subjects. It will scarcely be 
contended that, on the whole, the superior teaching of 
modern languages, as compared with that of Greek and 
science, justifies this. It is perhaps too much to hope 
fur absolutely equal rates of markirtf^, as between different 
subjects at each separate examination. But we do not 
think that during such considerable periods of time the 
variations should be so great as they have been, especially 
in the case of subjects taken up by fairly large proportions 
of the candidates. Such variations do real harm by 
encouraging the mark-hunter, who is ever on the alert, 
and by artificially stimulating the favoured subjects at the 
expense of others of importance. 

We understand that the examiners are not to be 
blamed for this state of things, but rather that the Civil 
Service Commissioners are directly responsible. For it 
is slated by Mr. Oscar Browning, in the Journal of 
Education for April, that the examiners “ receive a paper 
as a model which they are told to copy as exaaly as 
possible. They are informed of the average of marks 
given at the last examination, and they are enjoined to 
adhere to the standard with special care.” If this goes 
on year after year, aa seems to be implied, it is difficult 
to see how any code of marks can secure a fair examina* 
tion. If the candidates who offered any subject were 
hardly treated in 1S8B, the chances are that those who 
dffer the same subject in 1889 will also suffer hardness. 
For if the candidates in that subject be better in 1889 
than they wews In i888 they will be relatively still moro 
hardly treated. If of similar calibre they will be treated 
equally badly. Only if they happen to be inferior will 
they stand at an advantage. ^ f 

If the systort! of examining be as it is represented, it is. 
high tUne tlunt it should be revised by those who are 
nesponsiblelbr it. 
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We TCgif^t to Announce the death of Mr. Robert DMon, of 
WeymoQthi the welbknown naturalist and geologist. He died 
suddenly on Saturday, the 4th instant, from heart disease. Mr, 
Damon was the author of an excellent work on the "Geology of 
W^rmouth and the Isle of Portland," now in its second edition. 
He was a most extensive traveller and an assiduous collector. 
He obtained a marvellous series of fossil fishes from the Cretaceous 
beds of the Lebanon, Syria* now in the British Natural History 
Museunb, also the most complete skeleton of that rare and extinct 
Slrenian, *' Steller's Sea*cow, " from Behring Island. Although 
in his seventy-fifth year, he contemplated another trip to Siberia 
to procure an entire Mammoth's skeleton for the National 
Museum. Only a few years ago he took passage from Nijni 
Novgorod, down the Volga to Astrakhan, for the purpose of 
collecting a complete series of the fishes of the Caspian Sea, in 
which he was most successful. He lately purchased the celebrated 
zoological collections forming the "Godefiroy Museum" in 
Hamburg, and he had perhaps the largest collection of recent 
shells in this country. Mr. Damon’s loss will be long felt by a 
wide circle of scientific friends in all parts of the world, by whom 
he was warmly esteemed and respected. 

The Paris Exhibition was opened on Monday by the Presi- 
dent of the French Republic. As usual on such occasions, there 
was a great display of empty spaces which ought to have been, 
and soon will filled with exhibits. The British Section was 
greatly in advance of the others. M. Carnot, in speaking of 
the general character of the Exhibition, referred emphatically 
to " the surprises reserved for our generation by the marvcllouB 
progress of science.” 

At the Royal Academy banquet, on Saturday last, Sir Henry 
Rpscoe responded to the toast for " Science." He spoke of the 
intimate relations between science and art, and, as an illustra- 
tion of the services rendered by the former to the latter, referred 
to the fact that this year wt celebrate the jubilee of the dis- 
covery of photography. "In 1839," he said, "the power of 
the sun to ^raw in black and white was first indicated by 
Daguerre and Fox Talbot. In her infancy exhibiting but 
slight promise of artistic life, Photography, in her maturity, has 
developed true artistic power, so that she has now grown to be 
a trusted and valued > helpmate to the artist, while she can pro- 
duce effects and catch expressions which might defy the brush 
of a Turner or a Reynolds." 

Ak International Congress of Photography will be held in 
Paris from August 6 to 17. If we may judge from the pro- 
gramme, which has been issued by the Organizing Committee, 
the proceedings are likely to be of great interest. Anyone may 
siigffest subjects of discussion on condition that the suggestions 
are sent to the secretary (M, S. Pector, 9 rue Lincoln, Paris) 
at least fifteen days before the opening of the Congress. On 
August ao there will be a public conference on the labours of 
the Congress. 

The third of the series of One-Man Photographic Exhil^- 
tions at the Camera Club is now open to vbitors on presentation 
of card, The Exhibition will continue for about two months. 
The object of tliis series of exhibitions is to bring together, in 
turn, representative collections of the work of the best photo- 
graphic artists. The photographs. shown on the preaebt occasion 
are hy Mr. J, Gale* They ore chiefly photographs of land- 
scape, and landscape with figure, and are printed in platinum 
and in silver processes. * 

ScUiitcg gives the following as a complete list of the papers 
presented and read to the American National Academy of 
Science, at iu meeting in April i on composite coronagraphy, 
by P, P. Todd; additional experimental proof that the relative 


coefficient of expansion between Bally*s metal and stetf Is con- 
stant between the limits aero and 95“ F. (read by tUleh by W, 
A. Rogers ; notice on the method and results of a systematic 
study of the action of definitely related chemical oota pounds 
upon animals, by Wolcott Gibbs and Hobart Hare ; on Mosa- 
tions of colour, and detewninatioiis of gravity, by C* S* Peirce ; 
on the Pliocene Vertebrate fiiuna of Western North America, 
and on the North American by E. D. Cope j on 

the mass of Saturn, by A. Hall, Jun. ; on the nature and com- 
position of double halides (read by title) ; on the rate of reduc- 
tion of nitro*compounds, and on some connection between taste 
and chemical composition, by Ira Remsen ; recent researches in 
atmospheric electricity, by T. C. Mendenhall ; measurement by 
bght- waves, by A. A. Micholson ; on the feasibility of the 
establishment of a light- wave as the ultimate standard of 
length, by A. A. Michelson and E. W. Morley ; on the general 
laws pertaining to stellar variation, by S. C. Chandler ; review 
of the trivial names in Piazri’s Star Catalogue, by C. H. F. 
Peters ; on Cretaceous flora of North America, by J. S. New- 
berry ; terrestrial magnetism (read by title), Cleveland Abbe ; 
spectrum photography in the ultra-violet, by Romyn Hitchcock ; 
North American Peia^iifa (read by title), and development of 
Crustacea (read by title), by W. K. Brooks ; the plane of de- 
marcation l^twecn the Cambrian and pre-Catnbrian rocks, by 
C. D. Walcott ; report of the American Eclipse Expedition to 
Japan, 1887, by D. P. Todd. 

f 

It is reported from India that Mr. Blanford, Meteorological 
Reporter to the Government of India, who retires at the end of 
his furlough, has been recommended for the special pension of 
6000 rupees per annum. 

The following "resolution" of the Government of Bombay, 
which has just been published, tells its own story, and adds 
another to the already numerous examples of the well-judged 
munificence of the Parsoe community of Bombay. The resolu- 
tion is entitled " Scientific Medical Research." " (t) The sum 
of Rs. 75,000 having been placed at the disposal of his Excellency 
the Governor by Mr. Framjee Dinshaw Petit, for the purpose of 
erecting and fitting a laboratory for scientific medical research, on 
a site which has been approved by the donor, in the immediate 
vicinity of the Grant Medical College, the Governor in Council 
has much pleasure in accepting the offer, and, in doing so, 
desires publicly to thank Mr. Ffamjee Dinshaw Petit for his 
munificence in supplying an institution, the want of which has 
long been felt by those most interested in promoting the cause 
of higher medical education in this Presidency. (2) The 
Governor in Council is pleased to direct that the institution 
shall be called ‘ The Framjee Dinshaw Petit LabbmtOiry for 
Scientific Research.’ (3) Instructions for the preparation of 
the necessary plans and estlaaates for the proposed buUding have 
already been given." 

The native population of Benares cannot be said to have very 
advanced ideas as to the importance of sanitary science. Ibn 
other day a monster meeting was held in that city to protest 
against certain proposed drainage and water supply schemeSt utd 
a petition to the Government condemning the entire action of 
the municipality in the tnatter is said to bear 100,000 signatures* 
According to the Calcutta Correspondent of the TVarir^ tlie 
petitioners emphatically decline to pay by increased taxat&ott for 
any new system. 

Last winter tlie Vienna Medical Sriiool was attended by tfo 
Britirii and American medM graduates, among iHhom 
many Edinbuigh men, As mafiy medical students, On 
arrival at Vknnm do not know Oenuai^ t1^ ViOlwim 
Netm has opened a special medical 
the hospital, where Infortnatko os to lectures, W 

^ven without chUcrge to British and American, medkjnl 
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The fern Jenrnat ]^tiblltibe« wMkfy a lUt of forthcotAing courses 
0f lectures at the Ueivenitiesbf Vienna and Beritti. 

Tbk Timts &f Colombo announces the arrival in C^lon of 
tsro naturalists^ Herr Frlihstorfer and Herr Katmegteter, the 
fbrmer a German, ih« latter a native of Amsterdam. Herr 
FrUhstorfer has already travelled over a great part of the world 
making natural history collections, while his companion is travel* 
ling on behalf of the collection of Herr Van de Poll. Both 
werenbout to proceed to the southern part of Ceylon, and after 
a feiv weeks’ exploration they intended going, one to Malacca 
and Borneo, the other to Samatra and Java, for scientific 
purposes, 

A severe earthquake lasting four seconds occurred at Agram 
on April 37 at 8.35 p.m, 

A NEW stalactite cave has been found at Hbnnetha], in Sauer* 
land, not far from the village of Sanssoucl. It is not very large, 
but has many beautiful stalactites. 

Complaints having, on several occasions, been made to the 
Fishery Board for Scotland that salmon smolts are exposed for 
sale and sold, the Board have issued a notice to the e^ect that 
such sale, or exposing for sale, is illegal, and renders the seller 
or exposer liable to severe pecuniary penalties. The word 
** salmon” in the Salmon Fishery Acts of 1862 and 1868 means 
and includes ** salmon, grilse, sea trout, boll trout, smolts, parr, 
and other migratory fish of the salmon kind.” All ofifences 
under the Salmon Fishery Acts of 1862 and 1868 may be prose- 
cuted, and all penalties incurred may be recovered, before any 
sheriff or any two or more justices acting together^ and having 
jumdiction in the place where the offence was committed, at 
the instance of the clerk of any District Board, or of any other 
person*” 

With regard to Prof. Harker’s article on a new farm 
pest, printed in Nature last week, Miss Ormerod writes that, 
** if, by any accident, readers should think that what her valued 
friend Prof, Harker meant only as a courteous acknowledg- 
ment of specimens was on expression of belief in the injurious 
powers of this worm, she wonld in such case like to be able 
to mention that up to the present 'time she sees no reason for 
alarm.” 

A SERIES of experiments upon combustions in nitric acid 
vapour have been made by Dr, P, T. Austen, of Rutger's 
College, U.S. The gaseous nitric acid is most conveniently 
obtained in the following manner. Into a I^rge fiask, whose 
neck is sufiUdently wide to admit a good-si^d deflagrating 
spoon^ a quantity of sulphuric acid is poured, so as to form a layer 
about half an inch deep. About ten to twenty grammes of 
potassium nitrate, in crystals avenigiog a quarter of an indi in 
siaCi are then added. On careful heating, the air Is rapidly ex* 
pi^lled, and the itask becomes, filled with the clear vapour of 
oUric acid, A glowing chip of wood held in this vapour in- 
flames and bams cneigelScally, something after the manner of 
oombuatiqn in oxygen ; but, as the red tetroxide of nitrogen, 
w formed by the reduction of the nitric acid, a ruddy 
halo is 4 een to play around the fiatne. Charcoal, espe- 
chOly bask-dharcoali burns brilliant^, the scintillations 
in the red totrOKide gas producing an unusually fine 
In a '^ndkur manner a steel wmtch-spHng may be 
burnt al in OxygUtt, the dombttSttbn being started with a 
Httio snlphuti the oflfect, however, is quUe dUTerent from that 
In o^lng to the formation of a italo uvound each 

glbbn^ of :iroh as it Ms* A layer of sand should be 
in ^ bottom of Uie flask in this expe^ment, in order to 
jpsmb Pho^horas bums with great beauty, Ae 

4i|iji^nf^ w red at the edges. By 

^ teent bewtM obtained by tbe 

^btmtibn ¥ tWdily oxidlsai^e gases from jets suspended in 


the nitric noid vapour. Hydrogen burns with an Intensely 
white flame, total^ unlike that in oxygen, surrounded by a deep 
red envelope. Coal gas continues to bum with a white centre, 
enveloped as in case of hydrogen by a red halo ; when first intro- 
duced the fiame becomes musical, then degenerates into a series of 
rapid slight explosions ; at length, after a certain amount of nitrogen 
tetroxide has fiwmed, it bums quietly. Sulphuretted hydrogen 
gas bums with a bright yellow fiame, and the flatk becomes 
filled with a cloud of minute chamber-crystals, resulting from 
the action of the sulphur dioxide and water formed upon the 
tetroxide of nitrogen simultaneously produced. Ammonia gas 
burning in nitric acid vapour is peihaps the most beautiful case 
of simple combustion yet investigated. Success in this experi- 
ment appears to depend entirely upon the sin; of the orifice of 
the jet, which should not be less than an eighth of an inch in 
diameter. As soon as the jet, which of course should be turned 
upwards, from which a good stream of ammonia is issuing, is 
lowered to a level with the mouth of the^fiask, it may be readily 
ignited. On lowering it into the centre of the fiask, the fiame is 
seen to consist of a bright yellow nucleus surrounded by a 
greenish-yellow envelope ; this, in tnm, passes into an outer 
envelope of a carmine-red colour, which deepens as the amount 
of nitrogen tetroxide increases. 

According to the Manohister Cuartiiant a technical school 
has lately been added to the ancient Chetbam College, **the 
most unique piece of antiquity " left in Manchester. It seems 
that a well-known employer of labour in Salford, and a strong 
supporter of technical education in Manchester and the neigh- 
bourhood, generously offered to fit up a workshop and supply it 
with all necessary tools for the use of Chetham College. The 
offer, which was regarded both as a very generous and a very 
happy one, was accepted by the authorities. The result was the 
erection of a building at the north-east rear of the Collie dor- 
mttoriea The building, which is very well lighted and com- 
fortably heated, has been fitted up with lathes (for wood and 
iron) driven by a stcain-engine \ ^o benches, drilling machines, 
grindstones, blacksmith's forge, vices, &c. The results so far 
are regarded as highly satisfactory. Some forty-five of the boys 
are now regularly engaged In the shop ; fifteen working in the 
morning, fifteen in the afiemooo, another batch of fifteen the 
next morning, and so on. Each boy works nine hours in the 
shop every week. 

Mr. Rowland Ward writes to the 7'imes that on Saturday, 
April 27, one of the keepers on the estate of Mr. Famal Watson, 
in Surrey, trapped a fine specimen of the kite {Falco 
'• a grai^ bird,” says Mr. Ward, ** at one time common on our 
moom before men became so many in the land, and their 
hospitality, even to such visitors, so scant, ” Mr. Word notes 
that these birds are sttli sometimes encountered in Wales. 

Mr. Allan Hume proposes to issue a second edition of his 

Nests and Eggs of Indian Birds.” It will be edited by Mr. 
E, W. Oates, author of a Hand-book to the Birds of British 
Burmah,” and will inoorporme all the notes which Mr. Hume's 
numerous correspondents in all parts of India have sent to him 
since 1873, as well as some notes from other sources. The work 
will be published in three volumes, 8vO, of 5«) pages each ; but fer 
the convenience of subscribers it will be issued in six parts, one 
of which will be completed every three months, beginning from 
an early date* The publisber will he Mr. R. H. Porter, 18 
Princes Street; Cavendish Square, London, W. 

A COLLECTION bf Prof, WeUmann’s essays on heredity 
has been translated under the care of Mr. E. B. PouUon, of 
Osr<»d, and vrill forifi the second volume of the series of 
ttonslations of foseign biological memoirs v^hich the Clerendon 
Press ate pubtiihihg* The volume is nearly ready, and may 
be expected ^honly. 
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Messrs, Croshv Lockwod SQJf have published a 
edition of M* Eissler^a "Metallurgy of Gold/* The 
“Work has been enUrged by about 150 pages and 40 additional 
tHustrations, 

Wr have received the seventh part of Cassell's "New 
Popular Educator," which will be completed in forty* eight parts. 
This part contains a lithograph presenting the constellations 
visible in Britain. j 

Messrs. C. Griffin and Co. have published the sixth annual 
issue of the " Year-book of the Scientific and Learned Societies 
of Great Britain and Ireland." The work, which is compiled 
from official sources, comprises lists of ihe papers read during 
4SS8 before Societies engaged In fourteen departments of 
research. 

The additions to the Zoological Society's Gardens during the 
past week ineltide an Indian Wolf {Cartit pallipes $) from 
India, presented by Ma}<»r C. S- Skipton, R.A. ; two Slone 
Curlews {(KdUnetnm icolopas^^ British, |>re3entcd l>y Mr. 
Urunaden ; a Golden Engle \Aquila chrysantui) from Inverness- 
shire, presented by Mr- Thomas G. Henderson ; a Cape Mole- 
rat {Gtorychns cap^nsis), a Geometric Tortoise {Testudo 
^putrica\^ four Tuberculated Tortoises {ffpmoj>us femoralis), 
six Narrow -beaded Toads {/yt 4 /o angH\tictpi\ thirty-four Gray's 
Frogs {^Ratta ^ Spotted Slowworm (Acondas fjuleagris)^ 

rom Cape Colony, South Africa, presented by the Rev. G. H. R. 
Fiik, C.M.Z. S. ; a Puff Adder {Idpera atietans) from the Cape 
of Good Hope, presented by Mr. F. Strcatficld ; six European 
Tree Frogs {P/yla arhrda)^ European, presented Mr. H. Bende- 
lack Hewetaort, F.Z.S. ; a Rhesus Monkey {Macacus rhtsus $ ) 
rom India, deposited \ two Wliite-eyed Ducks [Nyroca J^rru’ 
European, two Black-necked Swans nigriMllis) 

from Antarctic America, two Lineated Kuleege {Bupt^camm 
/ifWOi/wj) from Tenasserim, a Brazilian Tortoise { 7 estudo tabu- 
lata) from South America, a Blackish Sternotliore {Sternot/wsrHS 
iuimigtr) from Madagascar, purcliasod; a Persian GareUe 
{Gaa$lla mbgutter&sa)^ two Cltinchillas (Chinchilla laHigera)^ 
four Long- fronted Gerbilles {Ckrbillus iongifjutHs)^ born in tlie 
Cardens. 


ASTRONOMICAL PH^^NOMENA FOR THE 
IVEEJC 1889 MAT i 2 - i 8 . 

(17 OR the reckoning of time the civil day, oommeacing at 

' ^ Greenwich mean midnight, counting the hours on to 34, 

4s here employed.) 

At GremutUh on. May is 

Sun rises, 4h. tsm, ; souths, ixh. 5fim. 10*11. ; daily decrease of 
southing, t ‘25. ; sets, Iph. join. : right asc. on meridian, 
jK 1 7 'pm. ; decl. x8* ij' N. Sidereal Time at Sunset, 
ixh. im, 

Udoon (Full on May 15, yh.) rises, ijh. $$m . ; souths, 
3th. 57m.; seu, jh. 45^*1 right asc. 00 meridtan. 


flanot. 


Riaft. 

b. m. 
4 48 

3 Zt 

4 38, 


Mercttiy 
Venus... 

Mars.... 

Xupiter. - 
Saturn.... 10 7 
Urapus... 16 17 
Neptune.. 4 50 


Mr/ r5> 7h.) rk 

seu, 3h. 45m, * t 

deck 3* 58' 

S. 

Soatha 

Seta. 

h. nu 

hi m. 

... 13 to 

31 32 

... 10 45 .. 

18 0 

... 13 37 - 

30 36 

... 3 H - 

7 10 

... 17 45 

I zt 

... Zt ^ .. 

3 15’ 

... 13 37 

ao 34 


Right oac. «ad dvcllnstiofi 
on emidlan. 
m. 


h. 

4 

3 

J 

9 

13 

3 


33^4 

si-l 

9-8 

S9'4 


34 N. 
IS r6 N. 
ao ss N. 
33 58 S. 
17 4»N. 
6 42 S. 
x8 56 N. 


* InttleatM that the dsiag U that of Om preceding eveaing and the 
oetlinf that of tbe ^Uoirhiff naoming. 


|8 


b. 

3 


Jupiter in conjunction with and o” 1$' south 
of the Moon. 


Variabli Stars, 


Star. 

U Cephei ... 

RA. 

.. 05A- 

ZM. 

81 17 N. 

... May 16, 

h. «- 
1 It m 

R Auriga? ... 

5 8*3- 

S3 N. 

... ,, 

*37 

M 

W Leonis ... 

.. 10 47'8 i- 

14 18 N. 

... tf 


M 

T Ursce Majoris 

.. iz 3t’3 - 

60 6N. 

- •» 1* 

*5. 

m 

8 Librae 

.. 14 SS * 

® ss. 

... ,, 

*3* 

23 25 w 

U Ophiuchi... 

.. 17 10*0 .. 

1 30 N. 

... ,, 

*7. 

0 to 'm 

R Scuti 

18 4r*6 .. 

S SOS, 

... „ 

13. 

M 

B Lyrw 

.. 18 ^'0 .. 

13 14 N. 

... tp 

u> 

33 30 if 

U AquUa? ... 

.. 19 23*4 •• 

7 16 S. 

... ri 

18* 

I Oi/ 

R Capricotni 

.. 30 5'r 

14 36 S. 

... ff 

*7. 

M 

X Cygni ... 

... 30 39 1 .. 

35 « N - 

... ,, 

17. 

3 0 at 

T Vulpeculse 

... 20 46*8 .. 

aj SO N. 

... ft 

u. 

I 0 M 

8 Cephei 

... 33 35*1 .. 

57 5« N- 

**• »i 

*5. 

21 Q M 

Near a Coronoe 

M lianifiei maximujtt ; m miniiniUB. 

Mttocr^Shastnrs, 

11.A, Ded. 

2j3 ... 37 N. ... Faint, Rather Slow. 

,, ff Aquila? 

295 

0 

... MU) 

*5- 

Very slow. 

From Delphiniis 

3'3 

... 15 N. 

... Swift. 

Sue aka. 


GEOGRAPHICAL NOTES, 

Dr. H. Meyer, in a paper read before the Geographical 
Society of Leipzig, deals with the . snow fall on the summit of 
Kilimanjaro. Having shown that the souihern and ^outli-eastem 
slopes of the mountain are exposed during summer to the south- 
eastern trade winds, while the summit r&es in to the ^ioo <rf 
the anti-trades, and that local winds, sometimes of considerable 
force, ascend the mountain slope during tlie day, and descend 
during the night, he explains how those winds produce rain and 
snow. Dr. Meyer looks upon the wall of ice which stopped his 
further progress ns the edge of a can of nl:^ which covers the 
summit, and which, owing to the comoined influence of the wind 
and radiation, has melted away on its northern side. On the 
south, however, it seems to form a true glacier, which issues from 
the ancient crater-trough of Kibo, 

Some of the conclusions come to by Dr. K, W. Schmidt, in 
his paper on the soil and climate of German East Africa, in the 
current number of Pelermann*s MlUnlungen^ are worth giving 
in detail. The wooded and mountainous region of Usambara 
and the western part of Bondei, in con8e(^ttencc of the favour- 
able character of the soil, the copious rainfail, and extei^vo 
irrigation, may be truly described as fertile, and in the opinion 
of the author these countries have a great future before them. 
West of Usambara extend vast steppes, utterly unfit for Cultiva- 
tion. The mountain moss of Kilimanjaro, composed of recent 
volcanic, basaltic, and traohytic rocks, and clothed with a wealth, 
of forests, shonid become of great importance. The physical 
condition of the country between the Pimganl and the 
Wami are apparently not very fovourable. westwards iDwa 
country of Nguru, la iu geological formation^ Its 
niheent forests, its numerous atreami, and its meteorplogM^ 
conditions, resembles Usambara. Southern Useguha, aaiar e* 
the Kingani and Gerengere, indudtng the distriott of U4oe and 
Ukewere, is nothing but a vast waterTess steppe. 'Ukattiit In hs 
western part, abounds in lofty forest- clad mountains and rusMim 
streams, and its goU U well adapted for cuUivation ; the m 
the eastem part of Ukaml is, on the other hand, compooed 
almost exclusively of qUaru p^bfos and gravel. Immedlttieiyr 
to the west of Ukami stretches the vast desolate Mkat^ 
steppe, beyond which rises the mountainous country of Usagbritv 
divided by the Mukondokwa River. The plain of FmSan!, 
traversed by the rivey, is fertile and well populated The 
mountainous district of Usagara Itseif gufieri from % laok rol 
streams, and also from the aparsely Wooded oharac^ of ita* 
moamoin slopes, at leaat in the eastern part^ The boehtlfT qf 
Khutu. is its various river volleys, might furnish soil Vuil^d^ for 
extensive eultivation. Tbe .gen^ reiBulu Of Dr. S^iinSdlf^a 
observations ti to rivrw that there Is a gnBatdiflltMneeln foii 
fertility and oomeqoeitt of the various coantmcioniW^^ 
within t^Oesssain furotectombe k East Equafotkl 
that while there Is a considerahle extent estrefoity 
territory; the fri^eater part does not appear to be espyw^isl ' 
semtmemtive Mivatiob. * ; . ^ ^ 
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LIVERPOOL MARINE BIOLOGY 
COMMITTEES EASTER DREDGING CRUISE. 

lUverpooi S«lva|^ AMocittioa'» %.%* Ifyana left the 
* Merttey oa Thursday, Afttil |8, on her hfth tcienUBc 
ct^lm under the dhrection of the Liverpool Marine Biology 
Ci^minittee. The otd gunboat had been generonsly planed 
it tlte diapowd of the L.Wi.B*C, for fitt daya, afad ibt pro- 
|»Osed oouiae wai to crOaii to Port Erin, at the south end 
of the Itle of Man, and then dredge southwards to Holyhead 
through the deepest water to bo ^und in this district ; then 
ttr whrk ahwig the coast of Anglesey to Puflin Island, and 
from that back to Livetpoo). Besidefi the ordinary dredging and 
toW'Dctttng operations, it was hoped that two interesting new 
mothods of collebttng would be tried on this cruise : (i) the sub- 
marine electric light, which gave such good results in the Hyana‘ 
expedition of last summer, was tobcuseiTttfl an attraction in the 
nets let down to the bottom at considerably greater depths than 
was the case in last year's experiments at Ramsey and Port Erin \ 
(a) Mr. W. E. Hoy lex new tow- net (recently described in the Proc. 
Biol. Soc. Liverpool, voh ill), which can be opened and closed 
at any required dep^h, so as4o insure that the contents were 
captured in a particular stmtum of water, was to be taken with 
the view of trying how it worked. 

After the first day, however, the weather although fine on land 
became very unfavourable for marine work, and the programme 
had to be considerably altered. Thursday was spent in crossing 
to Port Erin, On Friday morning we steatned south-west 
towards the deep water, but a strong wind was blowing, and 
after a haul of the dredge in 27 fathoms, about five miles out, 
some bottom and surface tow-netting, a sounding in 50 fathoms, 
and a further run to about nine miles from land, it was found 
that the heavy rolling of the vessel rendered dredging operations 
impossible out in the open sea ; so the Hyana was put about and 
returned to Port Erin, where tow -netting and other work was 
carried on in the bay. The following day the wind was still 
stronger, so it was decided to give up the Anglesey part of the 
cruise and devote the remaining days to shore and shallow- water 
vrork round the south end of the Isle of Man. Accordingly the 
rocks at Port Erin, Port St. Maty, Poyllvaaish Bay, and 
Fleshwick were explored on the third day, while on the 
fourth most of the day was spent on board the Hyana.^ at anchor 
in Port Erin Bay. Tow-nets were let down, both on the surface 
and weighted so as to reach the bottom, and a small dredge with 
a long canvas net was taken out in a boot and used for obtaining 
samples of mod and sand to examine for small animals, such os 
Foraminifera, Copepoda, and Ostracoda. The strong wind 
blowing was utilised by Captain Young, who suggested Boating 
tov^*nets across the bay with Ufe*buoyt^ and devised a sailing 
apparatus, consisting of an old life 4 >uoy rigged up with a mast 
aw sail, and having a tow net suspended from it, which was let 
out carrying a tong line to leeward and was then hauled in, the 
net keeping distended and working well during both the outward 
aihd the return journeys. Another surface-net was even rigged 
up attached to a targe kite, but this did not work satbfactoriTy. 

In the afternoon the Hymia made two runs from Port Erih 
southwards to the Calf, dredging homewards with the wind^ and 
got two excellent hauls, which contained amongst other things : 

catenaia^ Sik/tast^ rvicnr, Paimipes jwmAmrtarrta, 
Pytaniu pahdiimt Admisia jfaliiaU, and Pa^rus priikauxiit 
Mbaiia «p., Lynnsia nofvigicA^ P^tunculm glycUmrls, and 
Avidia venoia. 

After dark on two consecutive' nights the electric light was 
used for a couple of hours in collecting bottom and snriace free- 
swimming animals round the ship, in much the same way as 
dtmng lost summers cruise. A pair of large arc lam^ of 2000 
candle^pfower aai^ were hoist^ up in io<^ a posftioo as to 
illuminate the de^ and' cast a bright light cm the water for some 
dietan^ on each side ef the ship. Three submarine incandescent 
leipp^ of caadleipower each wWre then fitted in thwsuouths of 
tt^-hets .and were lt;t down, two of them to the bottom at a 
d^pthofj; fathoms, md the third to a foot or so below the 
suriace of the kea, Each of these nets was put out twice, so that 
-^ got four bottom' hauls and two surface hauls with the electric 
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Aemther tow-aet, without t 


, wfw jet over 


^ lay in the, hrjghify iUmniuated 

.aufftoe these net* were stationary, mtt weie kept 

ijMf distended, bjy the tide. At thh same rime Mt?. C. 

Was^ rovpd and ibimd the mp dragg^ nq 
tow-net in the Iwto Consanmitly idlirim ante 

WeWk/un thb used In water lighted up, the Sttrfaoe n^s 


being in the glare of the 4000 candle-power lamps, white the 
botiom neU were further from this bri^t light, but had each 
their own smaller lantpa,- All gave, *0 far as we yet know, from 
a cursory examination, practicably similar results whi^ are 
markedly difterent from both the l^tom and surface gathering 
taken at the same place during the previous day. The elOctnc 
light gatherings contain chietiy Schizopoda, Cumacea, Amphl- 
poda, and a few Copepoda. Tne Cumacea are the most marited 
feature, they are very abundant, and form a conspicuous charac- 
teristic in tbe gathering whenever it is transferred from the net 
into a glass jar.. In none pf the daylight low-nettings, either 
bottom or sorl^e during the cruise, was a single CumaceaO' 
obtained, while every gathering 00 the two nights when we had" 
the electric light ^ing contained Cumacea In abundance. T 
think there can be little doubt that those captured in the 
surface-neu bad been attracted from the bottom by our brilliant 
deck-lights, which bad been shining for fully half an hour before 
the nets were put over. 

On the fifth day the Hyiina started in the .morning from Port 
Erin and arrived at Liverpool at midnight. A litUe dredging 
and tow-netting was done on the way. A good haul was 
obtained from a stony and shelly bottom, at about 15 miles 
south-east of the Chicken Rock, depth jo fathoms, which yielded' 
large numbers of Polysoa, diiefiy iocrusting forms. At thls> 
spot dso, it being the deep^ water on our track from Port Erin 
to Liverpool, we let the electric lamp down to the bottom in a 
tow-net twice, and got gaiherings conslsiing mainly of Copepoda, 
Sa^ta^ AmphipotCi, /^as, and other larval forms. 

That free-swimming Crustaceans are attracted to a stationary 
net by the electric light may now be considered established beyond 
doubt ; and that the illuminated tow-net can be used in, at 
least, such moderately deep water a.s is commonly met with iiv 
dredging round our coa^^ts was evident to all who saw the success 
with which the net was worked on board the Hyarna in 30 
fathoms. 

The various tow-net gatherings and dredged collections were^ 
as usual preserved and brought home, and are now in the hands 
of the specialists who are w'orking at the different groups of 
animals for the Liverpool Bay “Fauna.” 

W. A. Hicrdman. 


SOCIETIES AND ACADEMIES. 

Lomdoh, 

Linnoan Society, May 2,— Mr. C. B. Clarke, F.R.S., i» 
the chair. — With refercrice to a recent exhibition, by Mr. D. 
Morris, of leaves of different species, or vartetiea, of plants in- 
cluded under ErythroxyUm C^ca, Lamarck, Mr. Thomas Christy 
made some remarks on the leaves of a variety from JiqpaD- 
These he described as brittle and thin, with hardly any trace of 
cocaine, though yiehling 8 per cent, of crystal) izable substance^ 
The thicker leaves of the Peruvian plant yielded more cocaine, 
though at first rejected on account of their more glutinous 
nature*—* Mr- John Carruthers read a short paper on 
Cystocarps, hitherto undescribed, of a well-known seaweed, 
PApdytnema palniata^ upon which remarks were made by Mr^ 
G. Murray and Mr. A. W. Bennett. •‘-The second part of a 
tnonograpn of the Thehphorea was communicated by Mr. G. 
Ma88ee.-‘-Mr. Mitten contributed a paper on all the knoyrn 
species of Mwei and Hepatua recoraed from Japan. An in- 
teresting discussion followed on the character of the lapanese 
flora, in which Mr. J. G. Baker, Dr. Braithwaite, and Mr. G. 
Murray took part. 

QeologtcAl Society, ^il 17.— W. T. Blanford, F.U.S.,. 
President, in the chair.— The following communications were 
read On the production of secondary minerals at shear- zones 
in tbe crystalline rocks of the Malvern Hilts, by Charles Calla- 
way. In a previous communication the author had contended 
that man^f theaCbists of the Malvern Hills were of igneous, 
origin. Thus, mica^gneiss had been formed from granite, hom- 
blende^gncfiss from diorite^ micaxchUt from feEite, and in- 
jecUon^s^ists from veined complexes which had been sul^ected' 
to CQfflpmsiion. ^ a further instaUuunt towards the elucida- 
tion 0/ the iraMti of the Malvetti schists, he discussed the 
c^ogss the mpective minerals of the massive rocks had 
underm^ in tlw pritcess ofaohist-makur^.^The northern slcpea 
of Gaoer Idris, iv Grenville A. J.Xuie and A. V. Jennings. 
Friim the publioarion of Mr^ Alkin^s paper in the Transactions- 
of the Geological Society in 1829 to tbe second edition of the- 
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i$«my Memoir on Noiih tho relations of the geo^ 

iogioel and |rhysical fhatorel of Cader Idris have been pointed 
Ottt in sdme detail. The present paper dealt with the nature of 
eroptidils that t^ok place in this ai^i and the characters of 
their p^ucts at successive stratjffraphical horisons. — Discussions 
followed the reading of both of these papers. 

Taris. 


Acadetny of Scletites, April 29.— M. Hermite la the 
chair.— Qn a means of obtaining photographs of true chrocnattc 
vaHte bp the use of coloured glasses, by M* G. Dippmann. By 
judicious employment of green, yellow, and red glass in the 
way here explained, excellent results have been obtained even 
with present plates, notwithstanding their greater sensitiveness 
to bdue. The impressions are described as clear and free from 
brown patches, the green foliage, the red or yellow draperies, 
instead of yielding brown tints, being reproduced in deUcatcly 
modelled design os in a well-executed engraving,-^ Loss and gain 
of nitrogen as determined by the experiments carried on at 
Grignon from 1875-^9, by M. P. P. Deherain. A general 
survey of the results of these experiments leads to the conclusion 
that all soils containing considerable quantities of nitrogen in 
combinalion, say two grammes to the kilogramme, lose, if culti- 
vated without manore, far more nitrogen than is absorbed by 
the crops, but in proportions varyiag according to the nature 
of those crops— more with beetroot, less with maize grown for 
fodder, si ill less with potatoes and wheat. But when the 
ground has thus been iroj^verished, no longer containing more 
Uian 1 '45 or 1 *50 grammes to the kilogramme, the losses ceases 
and the ground 'logins, on the contrary, to recover a certain 
proportion of nitrogen, the gain being much greater on grass- 
grown than on tilled lands. — Underground growth, seed, and 
afiloUies of the Sigillaria, by M. Grand’ Eury. The author, who 
has had a favourable opportunity of studyii^ these fossil plants 
in the Carboniferous formations of the Gard, confirms the view 
always held by Prof, Williamson, that they are true Cryptogams 
of the vascular order, despite the radiated structure of the wood. 
But they are not directly connected with any living type, and 
form a family of fossil plants which entirely disappeared towards 
the close of the PaJseozoic period,— Two eruptions observed on 
the sun in September tSSS, by le P^re JuJes Fcnyi, These 
eruptiani, observed on Septeml^r 5 and 6, arc described os of 
an extremely violent character, and as all the more remarkable 
bimause at the epoch of minimum intensity. Both 

appear to have taken about the same region of the solar 
disk, and the protuberance accompanying the first contained 
the vapours of several metals, such as sodium, barium, and 
iron, besides two very bright red ra^ of an unknown 
element, one between B and C, the other between B and , 
the alloy of the standard international kilojgramme, j 
by M, J. yiolfe. The alloy of platinum and iridium in 
the proportion of lOper 100, prepared with the greatest care by , 
M, Matihey, is here found to be still somewhat defective. M. ! 
Violle^s researches show that an alloy of 9 parts platinum and i j 
iridium yields more uniform and accurate results both os regards 
•density and specific heat The density thus obtained Is an 
absolute constant, incapable of further oiodification under cold- 
hammering, annealing, or any other severe test.— Dilatation and 
compression of carbonic acid, by M. Ch. Antoine. In a previous 
note (January 21, 1889I, the author showed that the reciprocal 
j8 of the coefficient of dilatation under constant pressure Is given 
^ the relation— 
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9 being a constant coefficient, C and t/t the temperature and 
volume at saturation under the pressure /. Here he finds that 
more simple valaesmay be obtained both for and Jfl.— On 
electrolytic polaritation by metals, by M. N. Filtschlkoffi A 
general result of these researches is that one metal mny be polar- 
feed W another.— On the formation of earths epntainrog nitfogeUr 
by l(M. A. Miintx and V. Mareano, The authors desmbe 
xittUMw caves in Venesnclat both bn the coast ranges and on 
the HdbMs 6f the Andes, ^hich contain vast depbiiti richly 
ebittged whh njtrates and interspersed wfUi the remains pf large 
animals. The bhoea are to friaWe that thgr m^irible to 
4 ttst Id contact hence the of determining 

the kpecles. Th^ consist almost ewdurively of phosphate oT 
lime ; catbonate of lime is eatimly absent, and m but 
oigahiemato^^^ In these eava^ sh^lemd&om 


the action of rain-water, the nitrogen yielded by 
organic remams was gradually accumulated, la some pilaoeS the 
bms are over 30 feet tmok, contafniiig from 4 to 30 ^ tori 6f 
nitrate of calciatn, and firotn 5 to fioofphqephate Qfcal0ttm--''^Oh 
the art of utniring statistics, by Delating. With a view to the 

better utilization of statistical returns, especially in the sphere of 
meteorology, the author here proposes a solution of the prol^em : 
Given the statistics of a phenomenon, to find a ceriafo method 
by means of which the laws controlling that phenomenon may 
be discovered. 
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THURSDAY. MAY i6, 1889. 


BORNEO, 

Borneo i Entdeckungsrdsen und Unienuchungm; Qegen- 
wdrHgif Stand dcr GeologUchan Kmntnisse; 
hreitungdtr Nutsbaren Miner alien. V^on Dr. Theodor 
Posewiu. (Berlin: Friedlander, 1869.) 


mountaios occur at intervals, surmounting t^ll>le-^nds 
which extend in a north-east to south-west direction \ bast 
it is not yet decided whether a regular chain exists m 
any part of the interior. The Kina Balu .Mo^tain^, 
which have a maximum elevation of 13^698 feeti are, sd 
far as is at present known, the highest in the island ; they 
I are situated in the territory of the British North Borneo 
! Company. 

j The largest rivers— the Barrto, Kapuas, Redjang, and 
I Mah&kkam — rise in the centre of the island. 


I N the work before ua, Dr. Theodor Posewitz, of the 
Hungarian Geological Institute, gives the results of 
his three years’ personal explorations in the Island of 
Borneo, with which he lias incorporated the more im- 
portant observations which are recorded in the literature 
of the subject. The larger portion of this literature being 
in Dutch, it is, as a whole, not very widely known ; 
it is, accordingly, a matter of considerable importance to 
have it here summarized and critically examined by $0 
competent an authority. 

The three parts into which the volume is divided arc : 
(1) Political and Historical ; (2) Geological ; and {3) 
Economic Mineralogy. Each of these parts is further 
subdivided into a number of clearly- defined sections, so 
that there is no difficulty experienced in at once master- 
ing the range and contents of the work, which arc further 
indicated by means of four excellent maps, showing re- 
spectively, (i) the routes of travellers, (2) the political 
divisions, (3) the geological structure, and (4) the 
distribution of useful minerals. 

We arc told, in Part I., that two-thirds of the island 
belong to the Dutch, but that the States on the north 
coast are more or less under British influence^ 

The history of exploration, as conducted by the Dutch, 
is treated separately from that which originated in con- 
nection with British colonial enterprise. During the 
last century, only one extensive journey was undertaken 
in Dutch Borneo, and scientific exploration was then 
altogether prohibited. 

The genuine exploration of the country did not begin 
till 1820-30, when a Natural History Commission was 
established in Batavia, and its members undertook to 
investigate and describe various islands. Among others, 
Horneri G. MfiUer, Dr. Schwaner, and Von Gaffron 
devoted themselves to Borneo, and to the two last we 
owe OUT knowledge of South Borneo. Between the years 
1850-60, systematic explorations for useful minerals were 


I The geological structure is remarkably free from com- 
’ plexity. The isolated mountains are of slate or schist 
i penetrated by granite and dioritc — conditions, it may be 
I remarked, which are in many countries accompanied by 
j the occurrence of mineral veins ; this also seems to be 
the case in Borneo. 

Succeeding these are rocks of Devonian age, in 
which auriferous veins occur. Till quite recently no 
formations had been recognized between them and the 
Tertiary deposits which have long been known, but Car- 
boniferous strata (mountain limestone), which it is be- 
lieved occur throughout a large area in Northern Borneo, 
i have within the last few years been recognized, and 
Cretaceous rocks have been discovered in a single 
locality in West Borneo. 

Tertiary formations belonging to several subdivlsioniS 
are distributed over considerable areas ; they form the 
plateaus through and above which the mountain chains 
rise. The older Tertiary strata were first studied by 
Verbeek and Pengaron in South Borneo. Thpy aami 
divisible into sandstone, marl, and limestone groi^ 
The majority of the coral deposits occur in thesandf: 
stone; and the limestones consist mainly of wide-spreadr 
ing coral reefs. These older Tertiary strata arc often 
I much disturbed and broken by intrusive masses of 
I andesite. Oligocene strata are only known in East 
; Borneo, where they include extensive deposits of coal 
j The diluvium of our author is of considerable economic 
, importance. It spreads over wide undulating tracts sur^ 
j rounding the Tertiary hills. It includes the principal 
j sources of the gold and diamonds which, together with , 
I coal, constitute the most valuable mineral resources of 
the island. From the diluvium to tlie alluvium whkh is, 
in process of formation at present, there is a gradual 
transition. 

There arc no evidences of any post-Tertiary vokasM, 
energy in Borneo. The Kina Bahi Mountains, at osw 


carried on by DutOh engineers in South-West Borneo, time thought tabe volcanic, are now known to consist of 
and these ex^omtions have been recently resumed, after ancient eruptive masses. Earthquakes occur, but xacely, 
aa interval el twenty years. and so far as is known they originate in neighbouring 

To Alexander I>a]ryin{da^ #bo travelled in 1769, we islands, 
am indebted Yor our 6rst knowledge of North Borneo ; In West Borneo a deposit which appearv to be ident^l 
batly travtdierS wme Bums, Hugh Low, and with one formed Indian laterite, is described as resulting 
^^pwnser St» John, who vidied SarawaJt^ Brunei, and the from weathering of the rocks. A similar kterhe 
ascended the Kina fealu Mpun- ocenm near Singapore. ^ 

0^ Amon^Jater traveller^' Crpc^ ^ survey of the probalde 

a« alep do^^ pioneers history ^ Borneo, it appears that, up to thebepening of 

: Ktwth Borneo thf Tertiary period, what now forms one united island 

eoaWsted of m irchipclaffo like that between Singapore 
Alter the deposit of the tertlasy strata 
the iskund had the form of 
';A>ra#li(m-am0nirthenaCivn^ 
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, the view that the present farm of the island 

; h^ only been acquired recently, 

melul tnineraU are described in Part 11 L, and 
tbdr, distribution is indicated on the map already re- 
futed to. Of inofi^ of them Dr. Posewits has previously 
pnbiiahed separate descriptive monographs. 

The rich cosil^delds are first described. The seams 
are exposed jn many river cuttings in Sarawak and 
Bxunei. Coal also occurs on the Island of Labuah and 
in Sabah. There are said to be rich and extensive deposits 
in East Borneo also> but they have not been worked 
Gold is of the next importance to coal as a mineral 
product. Mining in the older formations has hitherto 
not proved remunerative^ the best held being from the 
diluvial deposits^ which are worked almost exclusively by 
Chinese. The richest gold regions are in the south- 
east, near Tanah Laut and Kusan, on both sides of the 
aurifi^us Meatus Mountains ; and in the north-east, in 
the ^inesc districts of West Borneo and Sarawak. 
Recently, what promise to be rich gold deposits have 
been discovered in the Upper Segamah River in Sabah. 

The production of gold was much more considerable 
formeriy than it is at present. In West Borneo it amounts 
annually to ]ao,ooo-i 50^000 kilogrammes, and in Sarawak 
it amounted to 28,281 kilogrammes in 1886. 

Diamonds are not, comparatively speaking, so abundant 
gold, but they occur in the same dejK>sits. They arc 
searched for by Chinese. Since the introduction of the 
cheaper Cape diamonds, the production has fallen. In 
1884, 2727 carats were exported from West Borneo, and 
J200 carats from Sarawak in 1886. 

Dr. Pdsewiti refers to the late Prof. Lewis's speculation 
'as to the connection betwein diamonds and serpentine 
(Nature, voL xxxvi. p. 571), but states that 
not yet known how far his conclusion is correct, 
diamonds apd platinum are only found in Borneo 
ib stmams which traverse areas containing , serpentine. 
Indeed, it may be added that serpentine is of rare occur- 
rence in the principal diamond regions of India, and in 
some of them none whatever has been observed. 

The famous “ diamond ” of 367 carats, known as the 
** MflUan," from the territorial title of the R^h to whom it 
bclqngs, has been estimated to be worth 4^,378 (Craw- 
fprd). The Dutch made very large offers ^ money and 
warlike material for it early in the present century, but 
these tvere always refused. The stone, it now appears, 
'brM, examined in 1868, and proved to be only a rock 
CrysjUd with a specific gravity of 2 63, thus confinning 
dhubts Mrviously expressed as to its being really a 
dtatnbno. 

Platinum is of very local occurrence in Tanah Laut only. 
Antimony and quicksilver only occur, so far as is 
kno«vn| in sufUdent quantities to be regularly mined in 

are widely distributed, but are of no present 
ecemondr vklue. Tlw Introduction of cheap European 
iitpi end to the native iron industry, as is the 

€asey j^% many parts of Indi^ 

Wt, P^witx states that th^ condition of mining 
indd^btes generally in Borneo is at present very poor. 

|>civate coal-mines existed, but were,, ppt ah 
end lie hn insurrection. The w«li4hown 

thirty-six; yeaib' 
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existence, as they were no longer remunerative. A private 
company has now commenced to work ^'alllabIe mines on 
the east coast, In Sarawak, mines hate been worked by 
the Government since i88i, and in 1886 produced 44,167 
tons. In Labuan, mines were also worked for some time, 
but are now closed. The principal source of supply at 
present is from Brunei (Muara coal). It is hoped that in 
the British North Borneo Company’s territory extensive 
workings of gold and coal will be established., 

It is impossible to give here an adequate idea of the care- 
ful details with which each topic discussed in this work is 
illustrated. At the same time there is a highly meritorious 
conciseness of treatment which, together with the sound- 
ness of the author’s views and his careful quotation of hi® 
authorities, makes the work a text -book for which it is to 
be hoped that a competent translator into English and an 
enterprising publisher will be found. It is emphatically a 
work which was much wanted, as our knowledge of the 
geology of this important island has hitherto been most 
fragmentary and imperfect, and we trust, therefore, thak, 
ere long, steps may be taken to make Dr, Posewiu*s 
labours better known to English readers. V. B. 


GKAPN/CS. 

GrapAks; the AH of Calculation by drawing Lines ^ 
applied espeeiaUy i<^ Mechanical Efigitmring, With 
an Allas of Diagrams. By Robert H, Smith, Professor 
of Engineering, Mason College, Birmingham. Part I. 
(London : Longmans, Green> and Co., 1889.) 

M axwell was the first, according to the Intro- 
duction of the present treatise, to state the 
principles in a very complete and general manner by 
which stress-diagrams are drawm, in the Pkit Mag^% 
xxvii,, 1864; and also in the Trans. Roy. Soc. Edinburgh, 
vol- xxvL 

But Maxwell himsclP is careful to point out that he 
derived the original i<fea from Mr. W. P, Taylor, or at 
least was unaware of his previous use of the method. 

The method js of much greater antiquity, and can be 
traced through Moseley’s “ Mechanical Principles of En- 
gineering and Architecture,” 1843, to Hutton’s Course 
of Mathematics,” i8n, and probably still further back. 

It is, however, only of recent years that Maxwell’s treat 
meat has been followed up and developed by CremonO) 
Culmaun, von Ott, aUd others ; and now the methbd is 
considered indispensable in practice for Uie calculation 
of the stresses in bridges, roofs^ and engineering and 
architectural structures generally. 

Two great advantages of the graphic method reeom^ 
mend it to the practical man^tbe that the^dlagram 
is itself a check upon the correctness of its constractipn ; 
and the second,, that the numerical results of the diagr^ 
are read off on a scale only to the really practically 
ficant number of figureSi the very roughness and in^jieiw 
fcctlon of the draug^tamanf’s work showing the margin of : 
variation to bo^allowed,!^. 

As to the relative raif>Jdtty,>f the graphic piethbd 
pared with ordinary numerical cakuladon by l6gari%^j| 
and 4rithnmtk^preoesse% authbrpplpts 
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Oti^ratibtis of tbe lame character required by the eagmeer^ 
ehi|»btiilderf iOr eonatructor in general, that the graphic 
Ihethod lahei the lead once the calculator has got his 
mental operations thought out, and his instruments in good 
order ; for which purpose Chapter I., on instruments, gives 
Valtiable hints and information. 

Chapter 11, explains succinctly the plan of the book in 
its applications to graph-arithmetic, Chapter 111 . ; graphs . 
algebra, Chapter IV. ; grapho-trigonometry and mensura- 
tion, Chapter V., ic., and lastly, grapho-dynamics, 
experimental and mathematical tabulation. 

It is in the later chapters that the full power of the 
graphic method is developed, but in the earlier chapters 
the student is exercised by well- chosen practical examples 
in the mental operations and manipulation required in 
the advanced processes. The student of ordinary mathe- 
matical processes will find here graphic solutions of geo- 
metrical loci, and the solution of quadratic, cubic, and 
other algebraical and trigonometrical equations, illus- 
trated by carefully-drawn diagrams in the atlas of 
plates. But the author appears to underrate the value 
of the planimeter on p. 63, in its application to the evalua- 
tion of the irregular areas encountered in indicator dia- 
grams, shipbuilding, and railway engineering. 

In Chry stars “ Algebra,” the importance of the graphic 
solution in integers of the loci represented by indeter- 
minate equations of the first and second degree is pointed 
out ; and in the present work the graphic solution of the 
general quadratic and cubic equations by means of a care- 
ts jt'*'* 

fully-drawn curve, / ■“ or y ^ , and its intersec- 

tions with a straight line, is also developed, and illustrated 
in the Atlas of Diagrams. 

The logarithmic curve, y ^ or lo^, would also be 
uteful for the graphic solution of transcendental equations 
of the form — 

Aa^ -i- D;r + V ■■ o, 

required in the problem of the hydraulic buffer. 

Again, in trigonometry, the solution of the equation — 

a cos d + ^ sin d »a 


or the summations 2 cos (04- or sin (a + «j 8 ) by a 
graphical method, or drawing Lissajous’s figures graphic- 
ally, would tend to impart freshness to a subject 
||iresent running In a narrow dry rut. Paper ^ed into 
Wmtl squares of centimetres and millimetres, suitable for 
graphic methods, can bo obtained in Germany, of Carl 
Scfaleidier and Scbhll in Duren, for instance. 

It is itBuriauf to su^ee that the fresh and original ideas 
and matbemathieal subjects dob 

to MjirnvW ate to be fottnd embodM and 

ddopted only it and tmtises, such as 

4 m pmimit wDtk. £teenla^^th««natic^^ ireatises are 
of becQiiiibg ai dry ^ orthodox as a religious 
bh lhe dnh 'liand, sire forbidden to set 
Idehi bit ; and 
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purely abstract speculations dear to Sir W. Thomson and 
Mr. Macfarlano Gray. 

Chapter IX., on the ** Kinematics of MObhapismis,” 
covers much the same ground as 'vKennedy's MeCMRics 
of Machinery/* and follows keau]eaux*e treatment in his 
“ Kinematik.” Chapter X., on “Static Structures, Frames, 
or Linkages,” and Chapter XT., on “ Flat Static Structures, 
containing Beam- Lin k^,” contain the applications of the 
graphic method to problems most commonly encountered 
by the practical designer. 

The consideration of “ Solid Static Structures ” in Chap- 
ter XI I. follows very oaefully as a check upon the piano 
treatment of the subject in the two preceding chapters. 
The failure of many very scientifically-designed bridges 
in America has shown tliat it is not sufUcient to treat the 
beam in elevation only, as if it was a vertical plane Struc- 
ture ; but that the torsional rigidity is of importance 
whenever the load is applied in the least degpree 
eccentrically. 

A glossary of special terms and symbols is inserted 
at the beginning, containing without redundancy the 
new terminology useful in this subject ; and an index 
completes the work, in which w e should like to have seen 
a complete list of books in English bearing on this and 
kindred subjects, such as Cotterill's “Applied Mechanics/ 
Eagles’s “ Constructive Geometry,” Clarke’s “ Graphic 
Statics,” Wormell’s “ Plotting, or Graphic Arithmetic ” ; 
also Me Lay’s articles on “ GCcrmetrical Drawing,” now 
appearing in the Practical Bngimer. 

The author promises a second part dealing with “The 
Distribution of Stress and Strain,” ‘^Thc Strength, 
Stiffness, and Design of Beams and Struts,” “ Economy 
of Weight in Structures,” “ Stresses in Redundant Struc- 
tures,” “ .Statics and Dynamics of Machines,” “ Frictional 
Efficiency,” “ Governors and Fly-wheels ” “ Valve Gears, 
“ Practical Thermodynamics of Furnaces, Boihsrs, and 
Engines,” “ Hydrostatics and Hydrokinetics of Ships and 
Hydraulic Machines all subjects Of great practical and 
theoretical interest, to which we shall look forward with 
much pleasure. ^ A. G. Green HILL. 


THE C^$^ICAL ANALYSIS OF /RON 
The Chemicat Analysis of Iron. By Andrew Alexander 
Blair. (London : Whittaker and Co. Philadelphia : 
J. ,B. Lippincott, r888.) 

O F all the branches of quantitative analysis practised 
for the control of industrial processes, none is of 
greater importance than that which concerns iron.- The 
precise relationship of chmiical composition to mechan- 
ical properties is by no means folly ascertained; but a 
great deal of excellent work has been done in this 
direction, and we know in several cases the kind of 
variation in physical properties which hi, cwleris parihusj 
to b^ expected to accompany a variation in the ^nOntity 
of one constituent. We know, moreover, 
ordinarily groat this physical change may com- 
pared with the change in composition. When todnet 

that a queaniSty, whidh in most Other technical analyses 
U witidh the SfHror of experiment, may bcoeme 
cHterfon by an iron is oppndsed, we must recqg- 
riite thn hebes^ty of accurate methods ctf anaiysls for 
‘ 4 tis itttiichlar dmnmcxBty. 
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, ^ work is sta^ited to h€ a ^complete account 

^ w known tnothods for. the analysis of iton, 

/|^ee^:pi^ 4 ion^ iron^ore, limestone, slag^ clay, sand, coa{, 
and producer gases,*' and we may say 
^ once that the book realitses its title in a very admitaMe 
f'iay. 

; The author bnnfs credentials to his task, having 
^as chief chemist United States Board, appointed 

)tent iron, stei^, and other metals in 1875, and as chief 
Christ to the United States Geological Survey and 
' tenth census 1880 — devoted many years to the subject. 
He records, he says, the results of his own experience, and 
there is a person^ flavour about the work such as is too 
seldom found in modem hand-books. One feels in read- ’ 
ing the descriptions of apparatus, processes, and pre- ’ 
cautions, that they are not merely what the author has 
eoBated, but what he has seen and done and learned. 
There are many novel arrangements of apparatus de- 
scribed, many improvements of detail in various ana- 
lytical processes, and altogether the subject is handled 
in a thoroughly authoritative and practical manner. 

The most striking thing, however, is the elaborateness 
and refinement insisted upon in the performance of the 
more important operations. There is no attempt to com- 
promise unwisely between accuracy and rapidity— these 
two desidern^ are treated separately. Thus there is a 
me^od described for determining silicon with elaborate 
precautions by volatiliration in a current of chlorine, and 
Bnpthi^ in which the amount of silicon in a pig-iron can 
be detetpitned in twelve minutes from the time the ladle 
is put into the molten iron. 

. iTte book begins with a description of apparatus and 
nnmipuiatlon required for sampling, and subsequent 
analytical, operations. This portion of the work will no 
doubt be foijiiid naefiil^but we regard it as sufficient 
^ther than exhaustive. We can scarcely say as much of 
l 3 te following 20 pages, devoted to reagents. There seems 
tq some uncertainty as to the chemical knowledge 
expected from the ope^or. The information about 
dblorine that it is a yellowish gas, about two and a half 
times heavier than air, sparingly soluble in water, and the 
somewhat obvious truth which completes this description, 
that “when required.it must be made/' will probably 
fall flat upon a person who a £ew lines further on is 
SKpected to know that chromic acid should not be dried 
by hlter^psqiet. And again, if one is to be tpld the 
equations which represent the preparation of ammonium 
^piridei, why should not one be told it “ becomes 
/(rilow by age, or on exposure to air**? We think this 
porrion nei^s revision ; superfluous information should 
^ removed, and the desdriptions should be made more 
complete. We think also that it would be much to 
the benefit of the very large number of half-informed 
pei^BS engaged in the routine analysis of iron, if t^e 
' theory of the analyricml process were described always at 
t^bKigiiimihg of^ being Interspersed 

imperfectly) with the details of qpem-. 
tiqns/V:^q respects Mt, jbhdr*s wt^k might , be 
iknpc^^ the main inures there is ho fa^ 

pmisdiqn or cqrabdssion. The book Is bdiuti- 
is feU ma^nai nbttw ^ 

; wieoi^t^; qbd' ^ akoi^ber a much . 

^ the Hrkish analyst is acdtstqnus 4 ' . 


to have about him. We haw no doubt it wUI he very 
cordially welcomed in the numerous iron and steel worki 
laboratories of this country. 


OUH BOOK SHELF. 

Agricultural Canada: a Rtcord of Progress. By W. 

Fream, B.Sc., LL.D,, &c. (£889.) 

Last vear, Dr. Fream, as Commissioner of the Canadian 
Government, visited Canada, for the purpose of reporting 
upon the position and prospects of agriculture in the 
Dominion, and his Report has now been published .under 
the direction of the Government of Canada. The author, 
who was well fitted for the task by his previous know- 
ledge of Canada, appears to have visited every province 
in the Dominion, from Nova Scotia on the Atlantic sea- 
board to British Columbia on the Pacific. Numerous 
details concerning the climate, and the geological, bota- 
nical, and other natural features of the northern half of 
the North American continent, are interwoven with i the 
more prosaic facts bearing upon the agricultural deve- 
lopment of an area as large as that of Europe. Some 
parts of the Dominion, little known even in Canada, are 
dealt with in special detail. The fine rolling prairie 
occupying North-Western Manitoba, and stretching aw%y 
through Assiniboia to the banks of the North Saskat^ 
cbewan River, is selected for favourable notice, but this 
region has at present to be explored on horseback or on 
a “ buckboard." Far away to the west, in Alberta, there 
appears to be another fertile and beautiful region await- ' 
ing development, in the Rosebud country, which includes 
the Red Deer Valley. The attempt to unravel the com- 
plicated surface features between the Rocky Mountains 
and the Pacific deserves notice, and some reference Is 
made to the little-known Kootenay district. The Com* 
missioher extended his travels across an arm of the 
Pacific to Vancouver Island, the southern point of which 
is capable of considerable a^icultural development- To 
the production of cattle, horses, grain, cheese, and fruit, 
the agricultural energies of the Dominion are chiefly 
directed, and the Report strongly urges the Govemmeat 
not to moderate one iota the stringency of the quarantine 
regulations, s^hereby j^lone Canadian cattle are kept free 
from contagious The Report, as a whole, might 

advantageously wit the place of nine-tenths of the sch^l- 
books which profess to deal with Canada. 


Longmans' School Arithmetic. By F. E. Marshall, M.A., 
and J. W. Welsford, M.A. (London! Longmatiii, 

Tlf^ work owes much of its value to its being drawn pp 
oh ™ ^es laid down by De Motgan. This Is shown 
by the importance attached by the authors to computation 
in the cany part of the work, and by the copious utie 
diagrams in the chapters devoted to vulgar fraOtioni A 
moving cause to such a casting of ttie^book is the import- 
ance which has been attached to Dq Mor^kh'i methods in 
the recently issued report of the Adthnw® ISimtm of 

the Association for the Improyepen^ 4 
Teaching. With such an atoirdie of fhe^tWessor as the 
late Presidentofihe ASsodi|ton W; ComniirieqV 

we should expect euch ^ Mu^ ^pice is deyoM 

to oral exercises ; this beii| sb^w^U o^edunt, in a measdt% 

D^#ite so^fulL *a ivp 


for the written exptanntl 


isemplq; 
care had 

ii 

are 4 fkw small; 
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cail Ibr cardul aod .ipid:tse statement, but on 
wbdk th0 work b calculated to be useful^ and we can 
ittCOX^mend it for school use. 

OUf^sis of FiV0rlA^\ or^ A Cruise in H^esf African 

W'wrj, By Archer P. Crouch, B.A. Oxon. (London: 

Sampson Low, idSp.) 

In this volume Mr. Crouch presents a record of the 
impressions made upon him* by the land and people of 
certain portions of WestrAfrtca* which he visited in 
connection with the la/Jhg ^of a cable > to put various 
places, principally French and Portuguese, in telegraphic 
comnumicatjon with Europe. A large part of the book 
is devoted to an account of what he paw during his 
passage from Accra, on the Gold Coast, to the Fortu^ 
guese island of St. Thomd. Afterwards we have a full 
description of St. Thomif and St. Paul de Loanda, and in 
seveira] concluding chapters the author sums up the 
incMients of his voyage homewards. Mr. Crouch is so 
good an observer, and has so frank and lively a style, 
that his narrative, taken as a whole, is fresh and interest- 
ing, although his subject is often, apart from his treatment 
of it, dreai7 enough. He is particularly successful in those 
pasties in which he seeks to give his readers glimpses 
of native customs and superstitions. U is worthy of note 
that he has formed a very unfavourable judgment as to 
the intellectual and moral qualities of the Negro race ; 
bitt on this question, with regard to which he differs 
widely from Mr. Stanley, he perhaps speaks rather more 
positively than the extent of hia ex^rience warrants. 


LETTERS TO THE EDITOR. 

\ 7 %e Editor does not hold himselj tttfomihU for opinions ex- 
pnSiod by kU correspondents, mitker can he undertake 
to or to correspond mtk ike writers rejected 

manuseripts itstended for this or a^y other part of KatUas. 
No mtue it taken of attonymoui communications.) 

The Meteoritic Theory. 

I tuvK during the post six months been led k<>m the study 
of our own atmosphere to consider oertaia phenOttNina relating 
on the one hand to the solar atmophysb^^^ on the other baud 
to the evolution of our own globe and tw atmosphere. There 
has thus arisen in my mind a system of Cosmogony whioh has 
led me, quite independent of Mr. Korman Lockyer's published 
course of reasoning, back to a meteoric theory that will, 
I bopCi he fcceptabte to yourself and others. Awaiting 
ihe preparation of these views fjr pubKcation, I have had 
occasion to look over the report on the total eclipse of the »«n, 
July iSyS (Professional Papers of the Signal Service;, 
Wmln^on, 1 quote from pp. 49 and 50 mme 

graphs to show the connection between views then^leid and 
tht^ at which t have recently arrived. 

Wasbingtiwii April J19. Ci.evw,Amd A»a«. 

vUn%c, 
tkm ttor 
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Circ^thgtances, 1 could but regard the sugges* 
“ “o mi on July 29^ as h sl^t but imporiant 
qcfiitibQ of the itiews previously held, . 







of ihe phenomena of the 
having to do with , cold 
gasepwi^atmosphere and 
ing cm its lyay to plunge 
"^few imuw,itwotthiBe 
ware due to wholly new 
ai^toachimc the aun. 
" w to very ih* 

pfineteoije a6d lo 1%e in^igSi'fplloWed hy 
that; enturibe Splat ateivphefe and 
at will fid Ahlmt wlkb a gtew in- 
a povtibnL oT the inoOE 
tbigaii^v aiWM)i|»h^ 
^ locidfd at a distanoe 


of five minutes (of arc) above the sun’s surface* and i* vety 
liliely to be less than this. . . , Meteors glow as dtootln^aiats 
whin they strike our atmo^here with a relative velocity w froh^ 
twenty to forty miles per second, and at an altitude of afemt pqe 
hundred miles where the density of the atmosphdf^ pa 
about 3 y 10" • times that which prevails at the surfaef* '^ow 
these same meteors will, when they have approached to wpthia 
130,000 miles of the suit's surface, have a momentum at least a 
humfred times greater than that with which they enter the outer 
limit of the earth’s atmosphere ; therefore we are allowed to 
assume the density of the outer limit of the supposed solar 
atmosphere to be but the hun dredth part of that of the earth, 
or 3 X lo*"’* ; thU gives us for the base of the solar atmo- 
sphere a density and a pressure quite wUhin plausible bounds,” 


The Structure and Distribution of Coral Reefs. 

Those who have read the additional appendix In the edition 
just published of Mr. Darwin’s work on coral reefs will doubij- 
le&g have observe*! that whilst the recent evidence there pro- 
duced against the theory of subsidence lies chiefly in observations 
on living reefs in the Fmrlda seas, in the Western Pacific, and in, 
the Indian Ocean, the new tesumony advaheed on bchaU of the 
theory is in the main indirect in bearing, and is based ou 
assumptions that have yet to lie proved. 

Referring to the latter evidence in the order of mention, I come 
first to the qo- fathom reef off Soc'Jtra, a reef that is assumed to 
have. been lowered by a movement of subsidence into its present 
position. So defective is our knowledge of the depths at which 
coral reefs may grow, and so incomplete is our acquaintance 
with the complex agencies that combine to produce a coral reef 
or to limit and prevent its growth, that the inference respecting 
tlie depth of tne Hocotra reef may be truly characterited as 
based on an unproved assumption. At present our acquaintance 
with the fauna of the submarine slopes of tropical islands in the 
Indian and Pacific Oceans, between the depths of ao and 100 
fathoms, it of the seamiest description ; and we are not in a 
position to hazard even a guess on the subject, much less to 
assume that an island like Socotra has experienced a movement 
of subsidence because it possesses a reef ’* submerged in some 
places to a depth of over 90 fathoms.” It U owing to Our 
Ignorance of the fauna in these depths that it has not been 
possible to identify the great numbers of minute mpHuscan shells, 
which occurred in the upraised post-Tertiary muds discovered 
by me in the Solomon Islands ; and it is of the lack of such know- 
ledge that Prof. K. Mattin in his recent great work on the 
I Tertiary formations of Java naturally omplains. Surely, when 
the biologist is fain to acknowledge his want of acquaintance 
with the matter, and when as a consequence the paleeontolwist 
and the geologist have to bring their labours to a standstill trom 
the lack of eoRiparatlve material, it seems rather dangerous for 
the coral fuef speculator to assume what has never been properly 
examined. 

If, therefore, we have yet to determine the limit of depth of 
the growth of coral reefs, we are scarcely in a position to advance 
as evidence in behalf of subsidence the thickness of certain up- 
raised beds of coral limestone in the West Indies and in the 
Sandwldi Islands. Eyen if such evidence should be asceruined 
to be valid in itself, it must be remembered that Mr. Murray in 
his theory places no limit to the possible thickness of coral ree^, 
and that in the outwmrd growth of a reef a considerable thickness 
may be produced* There was, in truth, no circumstanca suore 
impressed on my mind in the Cocos-Keeting Islands than the 
seaward exteneloa of c^ral t^fs« 

Once more, however, 1 would impress on future inveitlgaiocs 
the extent of our ignorance of the depths in which coral reefs 
may form. In one of my papers (Proc, Koy. Soc, Edin,* idSc- 
d6, p. 8fiy) I have potdted out that the estimatds of observers m 
different regkma vary between 5 and 40 latboms. It la also 
singular hew different observers may vary in the oondusiops they 
draw from the same lines of soundings. ITse iioahdh)igs off 
Kaelhig Atoll were made by Captain Fitoroy hhoMlf^ and he 
places The Ijmh of depth at 7 fathoms Admetter* end 

Reagtef ii. 634} ; whilst Ids compaobti, Mr. Darwin, jodcte 
front the same soundings, conduded that it lay between iC and. 
an Ikibemt. In truth, as long ^nee pointed out by PtPf. 
Semper^ ihh whole tptesilon eff thed^ of^he rsef-coml oboe 
baa never iWWi It never occurred tp 

Mn l^rwIn^orFrof, Dium th^t coiid iwefs might grow 
btybndthe aelt ^ sand that apparently limited their grenutk. Vet 
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such 1 found to be nctuftlly the case on the sloped of Keeling 
Atolb where Captain Fitzroy's sovindings were taken. Few, in 
fact, who have read the work of the young naturalist of the 
B«<igUy can autholently realize how scahty were the data on which 
the fundamental inference of the theory of subsidence was based ; 
and I may eafely add that few must be the scientific (questions 
that have been settled on a semtier basis of observaiion than 
that relating to the depths at which reef-corals grow. 

With regard to the sections exhibiting the submarine profile 
of the reef of MasAmarhu Island, T was first at a loss to under* 
stand why their character should be advanced as favouring 
the idea of a movement of subsidence, since, when they 
first appeared in Nature (vol. xxxvi. p. 413), I regarded 
them as favouring Mr. Murray's views. However, it soon 
appeared that this opinion was based on our inextenaive 
acquaintance with the habits of corals, e^ccially with the limit- 
ing causes of their extension in depth. The *' ditches ” shown 
in these sections I look upon as indicating the formation of 
barrier-reefs at considerable depths, and as giving remarkable 
support t ) iny views on the origin of these reefs. In the paper 
al^ve quoted 1 have been led by the observations of Agassiz in 
the Florida seas, and my own in the Solomon Islands, to the 
conclusion that the mam determining condition of the depth in 
which reef-corals thrive is to be found in the injurious effect on 
coral growth of the sand and sediment produced by the breakers, 
and that the distribution of these materials is dependent on 
the angle of the seaward submarine slope and on other less 
important circumstances. 

It follows from this that in those localities where the sub- 
marine slope U moderate, a barrier-reef will f »rm beyond the 
belt of detritus derived from the shore-reef inside it. Hut when 1 
the slope is fairly steep, as in the case of Keeling Atoll, the J 
reef lUbris will cover an area of much less horizontal extent, j 
and, as at these islands, an off-lying line of coral shaals will j 
spring up at a distance only of 150 or 200 yards from the inner j 
reef. Should, however, the slope Iw precipitous, as at Masa- 
rnarhu Island, the reef liSh'U will extend to condderable 
depths ; and beyond the area thus covered with sand and gravel, [ 
a line of reef will in the course of time grow upwards, giving 
Tiw to the so-called ** ditches” of the sections. 

Reefs of all clas.ses, as I hold, have n two-fold mode of 
growth -seawards. ^ There is first the advancement of the outer 
edge of a reef on its own talus, as dwelt upon by Mr. Murray. 
In the second' ploce, they grow seaward by a reclaiming pro- 
cess, whether twfey be fringing, barrier, or circular reefs. The 
distribution of the sand and aSns, guided by the angle of the 
submarine slope*, determines, as above shown, this second mode 
of jgrowth, which may result, as at Keeling Atoll, in a line of 
adjacent coral banks that ultimately reclaim a new strip and add 
it to the width , of the reef, or a more distant barrier reef may 
appear at the surface, the lagoon of which silts up and is choked 
with coral in llic course of ages, or, as at MasamarbtJ Island, 
there may occur a deeply -submerged barricr-reef that can be 
discovered only by methodical soundings. 

IM lis take the instance of Keeling Atoll to illustrate the 
present condition of this controversy, In a series of papers on 
this celebrated atoll, that I am preparing for the Royal Scottish 
Geo^phical Society, I have shown that the direct evidence of 
^bMdence adduced in its case by Mr. Darwin is, according to 
Mr. G, C. Ross, its present proprietor, founded in error. In 
truth, Mr. H. O. Forbes, during his visit in 1878, observed 
esrfdence leading in his opinion towards a movement of upheaval, 
3 n dafhttlt, then, of direct evidence, we have to look for the 
indirect proofs to certain a priori considerations, baaed on a 
few soundings that appeared to demonstrate oncfe Ibd for all the 
limit of depth of ihere^-eoral zone, a subject conoertrfng Whicb we 
atill have very incomplete data. Then we are transport across 
the Indian Oooan to the goTathom reef of Socotra, the 'ofrigin of 
V htch, for (he reojton juU fiJafed, is hidden in mystery. After- 
wards, appeal is made to the thickness of reef limestones in 
Cuba and in the Sandwich Dlands, limestones which, it is 
aUeged^ could only have been formed dvinng subsidence, not- 
with»tat)din$; that their exact nature has not yet lieen deter- 
ndned, and in spite of the circumstance ihrt reefs can attain a 
CoiwideraWe thickness, as Mr. Murray rightly holds, solely by 
their outward growth. 

If a x-lsiior from another planet, having thus fa* followed the 
dticaS}doiii were to inquire in an apologetic manner whether, 
inotoad of going to the other hemisphere for evidence we had 
methfxlically endeavoured to investigate the problem on the 


spot, by patiently studying the complex agencies at work on 
IhK atoll, by carefully inquiring into the changes of the past, 
and by interpreting ihiough iheir a'd the processes of the 
present, we should be obliged to answer : Scarcely at all. A 
theory advanced on the very threshold ctf such an investigation 
explained so well our limited knowledge by a movement of 
subsidence, that it i> only of late years that doubts have arisen 
and that a new theory has been adv.'vnccd opening up the lines 
of research to which you refer.’* H, B. GVM^pV, 


Bambangala.” 

I SHALL be glad if you will allow me to call the attention of 
those who visit the Congo Free State to the curious antelope 
called “ Biifttbangii/a,'' which U spoken of by Captain Bateman 
in his ‘"The First Ascent of the Kasai," lately published by 
Messrs. George Pliilip and Son, Captain Bateman describes it 
as being m yi/e as large as a mule ; of a bright chestnut colour, 
striped with creamy white, much in the manner of a zebra, on 
the back and sido.s, and dappled on the neck and flanks.” 



ITom the form of the horns shown in the figure (which, by 
the kind permission of Messrs, (ieorge Philip and Son, is here 
reproduced from Captain Bateman’s book), it would appear that 
this antelope must belong to tbe genus Tragclaphm^ bntprobibly 
to a new species. 

I should be very glad to exajnine Sf^ecimens of tire head and 
horns of this antcloi>e, in case anv of your correapondents in the 
Congo should meet with it, or to have some further information 
on the subject from those who have visited that region. 

r. L. SCLATKR. 

Zoological Society of London, 3 Hanover Square, 

London, W., May 7. 


Inclusion of the Foot in the Abdomtinal C»vity of A 
Duckling, 

A nucKLiNG, four days old, sent from Eastry hatched 

on April 25, 1H89, presented the alKtve curiant«^al:tt>rmaUty. 
The right lower exti^mny was normal in every the left 

appeared on superficial examination to be absent- " An inciaioit 
made through the skin ovef the left flank at once disclosed the 
left limb, the joints being flexed to their utmost extent, and 
the thigh adducted, so that it lay in contact with the abr 
dominal muaoles of the left side \ at the tibio- tarsal joint the 
limb passed througli the wall of the abddmeh, a few miUlmetres 
above the symphysis pubis. A portiop 01 the yolk-sw protruded 
at the aperture by which the foot penetrated tlie afelomSnal 
wall. Opentt^ the alxhnnen shO\t e<l the remflindvr of the ybik- 
sac, its connection with the ileum, and the left fool lyuig 
the siirGce of the intestines. This included foot was fully 
developed, having > complete web, nnl being; covored 
scales. An adhesion existed between the outer surfkee ^of tbe 
yolk-sac and tht^Ieft leg in the regi.m of iu tlbio^tarsal job^i and 
there were also adhesions of iht sUc to tha skin of the 
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covering the lower part of the tibial tnuRclcs. This adhesion of 
the yolk*sac 1o the leg had apparently taken place after the fall 
development of the limb ; and the yolk*»ac, in the course of its 
withdrawal into the cavity of the abdomen, had apparently 
drawn the foot in with it. The withdrawal of the yolk-sac is 
generally held to be brought about by the absorption of its con- 
tenU i if the above explanatiovi of the existing condition be 
correct, a considerable force must be exerted by this act of 
absorption if it is capable of dragging the foot, from its normal 
position, into the cavity of the abdomen. 

E. Waymoutii Rf.id. 

St. Mary^s Hospital, W., May 6. 


Atmospheric Electricity. 

I SEND you the following account of a curious, anti, I believe, 
rare electrical phenomenon witnessed last week by a friend of 
mine and myself. 

We had, in the course of a long mountain ramble, reached the 
summit of Elidyr Fawr (3033 feet), a mountain lying to the north- 
east of Llanberis, and about four miles north of Snowdon. Being 
a short distance in front of my friend, I sat down and rested with 
my back to the cairn, sheltering myself from a cold south wind 
which was blowing with considerable velocity. In about two 
minutes I heard a curious bu2?.ing sound commence, apparently 
proceeding from the top of the post set up not long ago by the 
Ordnance surveyors. 1 had heard the same noise about three 
years ago while descending the ar^/n of the Weisshorn, and 
on that occasion, as on this, there was a south wind blowing, 
accompanied by snow—on the W'eissluirn in large flakes, on 
Elidyr Fawr in fine powdery flakes. On the Weisshorii, for 
above an hour every rock seemed to emit tlie peculiar buzzing 
noise, and our icc-axes did the same. Wc were in too great a 
hurry, however, to pay much attention to the phenomenon. A 
day or two after, 1 related my experience to a gentleman, Mr, 
Powell — who, I trust, will forgive me for mentioning his name— 
and learned from him that he had had a similar experience on 
the Untcr-fiabelhorn, near SCermatt, The day was on that 
occasion, if I remember right, clear, when the noise wa^ heard, 
followed in a short time by a flash, and u shout from two of the 
party that they were struck. No harm was done by the shock, 
but the sensation was described as being like that which would 
be felt if every hair of the head were caught hold of and 
violently twisted. Having heard the sound before, I readily 
recognized it on Elidyr Fawr, and resolved if possible to study 
the phenomenon more closely, I first climbed on to the cairn, 
and found that the sound procee<led from the whole surface of 
the wood for nliout two feet from the top of the post. I then 
raised my stick, which had an iron point, and found that the 
sound be^an to proceed from it directly a height of about six 
feet from the ground was reached. I then put my band on the 
part emitting the sound, but could feel nothing. On putting my 
stick down, and keeping my hand up, the sound proceeded from 
my band^from more or less of it according as I raised it higher 
or lower— and I imagined that on the back of my hand the 
sensation of being very slightly pricked in manv places -was 
perceptible. My friend was much impressed by the peculiaaity 
and intensity of the sound, and agreed with roe that it would 
not be wise to stay long. As we proceeded aion^ the lidge, 
after a slight drop, we rose again, and while standing on some 
rocks, the ^oise began in our caps, accompanied by such an 
agilatioa pf^tN hair that it quite seemed an if we had literally a 
** bee Thm was no aonnd of thunder, and in 

the half an hour the snow-storm passed away, 

not we |^d descended far below the enchanted 

aimmiit, t C, A. C. Bovvlker, 


Halo of the Moon and Forftaatfen of FeeulUrly Shaped 
Cloudy at Oxford# 

I FOTZGED the very beautiful phenomenon on the 

night IbUoadng: May S, a.rd it i^ems td me worth recording. At 
themoon was surrounded a very large halo, the sky 
quite deaf In the immediate vicinity of the aame, with the 
exc^ion of a small encumulatlon of elouds at the lower part of 
the h^o'(to the left of the spectator). 

A't'i0.4S tHe halo had completely disappeared, and a large 
cloud was obscuring it and the moon, fhe margin of the 
cloud was «plk up Into tongue-like prctuUerancei. At ir.ao 


the halo had again appeared, but it vas not so bright; the moon 
was hidden from the spectator by some clouds. 

At n. 30 rhe clouds ha^l disapjieared, and the moon was shining 
out brightly, but the halo was only very slightly visible, and that 
only at its highest point. Just before it began to disappear 
gradually, some of the clouds with the peculiar tongue* like pro- 
tuberances already mentioned were formed, but they disappeared 
again after a few minutes. As was to be expecte<l, we had 
rain on the following day, and some already during ihe same 
night. 

I need only just mention that the halo is supposed to be pro- 
duced by (he refraction of light by crystals of ice. Brewster 
proved this by viewing the sun through some plate-gla*.s on 
which he had allowed some alum to crystalU/e out in a thin 
sheet, when he saw a number of rings closely resembling halos. 

Otto V. Harbishire. 

Balliol College, Oxford. 

Spherical Eggs. 

Tice problem of packing the greatest number of equal spheres 
into a given space, to which iTof, Aldis has drawn attention in 
your columns, is the simplest case of a mo»'e general problem 
which 1 h.ave employed m my theory of crystallization (Cara. 
Phil. Trans., vol. xiv. part 3) — that is, the packing of the 
greatest number of equal and similar ellipsoids into a given space. 
The solution is that the ellipsoids should he arranged in a manner 
similar to that de.scribed for spheres by Profs. Aldis and Green* 
hill, so that every ellipsoid be touched by twelve others, and, 
further, that all the ellipsoids be similarly situated. The curious 
result comes out that so long as the ellipsoids are all similarly 
situated the orientation of the axes makes no difference in the 
numlier of them per unit volume. They may be turned about, 
provided they are all similarly turned, without affecting the ratio 
netween the space filled by them and the unfilled space between 
them. 

In the case of spheres, if tangent planes be drawn through 
all the points where the spheres touch one another, they will cut 
up space into regular rhombic dodecahedron*;, every sphere being 
circumscribed by such a dodecahedron. Now, of plane-faced figures 
which can be described about a sphere and which will exactly 
fill space, the smallest in volume is the rhombic dodecahedron ; 
hence \he st^heres arranged in the way described occupy the 
minimum volume. In like manner if tangent, planes be drawn 
through all the points where the ellipsoids touch bne another, they 
will divide space into dodecahedrons with quail ri lateral faces, 
which will be iinsymmctrical, but will be all similar and equal. 
If the ellipsoids be all turned in a similar m.anner the dodeca- 
hedrons will alter in form but not in volume. These dodeca- 
hedrons are the smallest which can be described about the 
ellipsoids consistently with the condition that they shall exactly 
fill space. The condition of similarity in the situation of the 
ellipsoids involves the consequence that, if uc consider one 
ellipsoid and the twelve others which touch it, four planes can 
be drawn each passing through the centres of seven ellipsoids. 
The points of contact of the ellipsoids will lie in those planes, 
and the tangent planes through these points will lie parallel to 
the dmmeters conjugate to those planes. Other geometrical 
properties follow which do not concern the present problem. 

Cambridge, May 10. G. D. LivElNO. 


Columnar Structure in Ice, 

There arc several notices in existence on the subject of the 
columnar structure of ice, to which attention Ims been called by 
Mr. La Touche (Nature, May 9, p. 35). For instance, a 
letter by myself in ihe first volume of Nature (p. 481), which 
contains references to sundry cases of the occurrence of the 
structure in Britain and in other parts of Europe, and offLrs a 
suggestion as to the cause. The structure may often he seen, 
if looked for, and is be t exhibited when a very gradual thaw 
follows a hard frost. T. G. Bonnev. 


SCARLET FEVER AND COiV DISEASE. 

F ew questions have within recent years more en- 
grossed the attention of the veterinary and medical 
professions of this countr>% and have been the subject of 
greater or more acute controversy, than the relation of 
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lluman scatlet fever to cow disease. As is well known, ledge of those sores which remain on the list, while it is 
the Medical Department of the Local (Jovernmcnt Board, equally clear that there arc many kinds of such 
tbrougH the Reports of Mr. Power, Dr, Cameron, and Dr. In these circumstances there was nothing to be done 
Klein (1886), have brought forward a formidable array of but to begin over again the study of cow-poxes with a view 
fhets, by >yhich it was established that, in an epidemic of to learning of each one its complete 
scarlet fever prevailing towards the end of 1885 in the this has been the procedure of the Medical Department, 
north of London, the contagium was distributed through with the result that a considerable instalment of jwsitive 
a milk supply derived from particular milch cows at a knowledge respecting certain cow eruptions is aimrdcd 
dairy farm at Hendon, which cows were affected with in the Report already referred to. When it is said that 
a specific eruptive and visceral disease — the Hendon there w'as no alternative procedure to that adapted by 
disease. It was further shown (Report of the Medical the Medical ] department, no more is meant than that from 
Officer of the Local Government Board, 1887) that this the scientific stand-point no alternative was possible, 
cow disease is to be considered as cow scarlatina, and Other ways there w-ere, of course, of dealing with the 
that both human and cow scarlatina are associated with subject, as, for instance, in its practical or trade 
and caused by a microbe, the Streptococcus scarltitincz, aspects, or from the sentimental point of view. That 
The veterinary profession, headed by the Agricultural adopted by the Veterinary Department of the Privy 
Department of the Privy Council, have been foremost in Council is not easy of definition, but it may be described 
the opposition to these statements. In the Report “ On as a method of comjposiie character bv- which uncertain 
Eruptive Diseases of the Teats and Udders of Cows," science and excess of sentiment are oddly interjumbled. 
issued towards the end of 1888 by Prof. Brown, the chief It has consisted in flat denial of the possibility of cow 
of the Agricultural Department, a superabundance of scarlatina, along with reversion in the matter of cow- 
opinions were forthcoming, and, as often happens under poxes to the attitude of the cow-man of pre-Jennerlan days, 
the circumstances, fact has appearedfor awhile in danger Thus Prof. Brown, in the earlier pages of his Report in 
of being smothered in the confusion engendered. Hut, denial of cow scarlatina, speaks indifierently of “ eruptive 
happily, facts are stubborn things, and not easily stifled, disease among cows/’ “ udder disease among cows/' 
However much trampled on, facts arc ever prone to re- ' outbreaks of udder disease common as usual," “a very 
assert themselves and to multiply, and one result of the | common eruptive nffcciion which is usually called cow- 
cow controversy has been that the recently issued Report pox by dairymen," and the like. And throughout his 
of the Medical Officer of the Local t.iovernment Board Report Prof. Brown studiously avoids giving a name to 
gives promise of a new and abundant crop of them. The any udder disease or diseases with which he is dealing 
first subject bearing on this controversy and dealt with in Only once does his reader, wdien referred to Plate 4, at 
the recent volume is the significance of the Streptococcus the end of Prof. Browm’s volume, obtain hope of some de- 
scartatifue. Many and various have been the assertions finite nomenclature ; but he turns to the plate in question 
as to this microbe being an unessential concomitant of only to be confronted with such terms as “ bhsler-pock ’’ 
the disease. The experiments now made by l)i. Klein and “ blue- pock ’’ terms of the pre-Jennerian prototype. 
(Appendix B, No, i, Section A.), with artificial cultures of Having thus smoothed the way for discovery of a cow-pox 
the Streptococcus scarlatince on recently-calved milch (or “Hendon disease") not associated with scarlatina 
cow?, show that an eruptive and visceral disease is pro- among consumers of the milk of the affected animals, 
duced in these cows which closely resembles the Hendon Prof. Brown would seem to exercise almost superfluous 
disease, and consequently lend firm support to the view caution in his phrasing of the following passage at p. 
previously enunciated by the Medical Department that vii. of his Report “ Leaving for the present the subject 
the is the real microbe of scarlet of the original Hendon, cow disease in 1885-86, it is 

fever. necessary to refer to outbreaks of the same or similar * 

Amongst a further array of facts therein marshalled, cow disease which occurred at Hendon and elsewhere in 
some that are historical , obtain, in view of the cow 1887 88." Be this as it may, he had of course no difficulty 
controversy, fresh interest and importance. It is pointed whatever in finding instances of one or another cow malady, 
out (Section B.) that, before the time of Jenner, “ cow- which it pleased him to call “ Hendon disease," not as- 
pox*’ was the familiar name given to every sort of sociated with scarlatina among persons consuming the 
sore on cows’ teats ; that, with recognition by Jenner of a implicated milk. This sufficed for Prof. Brown, and for 
form of sore denominated by him variolas vauincr, one a while, perhaps, he was altogether content, 
panicular cow-pox obtained the distinctive name of But Prof. Brown’s confidence in his own opinion, 
“true "while all others became designated as “spurious"; fortified as it had been by his failure in the early stage 
and that, except for Ceely's notable endeavours to obtain of his investigation to find any udder affection associated 
better knowledge, spurious cow-pox," blister- pock, and with illness of scarlatinal sort among consumers of the 
the like vague terms continued to be used indifferently milk of the affected cows, was destined later on to re^ 
for all sores on the teats and udders that were not ceive somewhat rude shocks. Prof. McFadycan, a 
“ tniis/cbw-pox.” So tlie matter stood for eighty years, coadjutor of Prof. Brown’s, having made discovery at 
until kt the Hendon farm a second definite member Edinburgh of an udder malady associated with sore 
of this group was recognized by Mr. Power, when the throat among persons consuming the niiHc of the cows 
old division into true and spurious cow-pox became affected by it, Prof. Brown, on personai exAmination 
manifestly insufficient. It was now seen that the name of the Edinburgh cows, was constrained to admit for 
** spurious cow-pox" had in all probability been used to this disease clinical characters distinguishing it from 
cover a variety of sores having essential differences in any that he himself had been investigating, and patho- 
nature, just as, until the time of Jenner, the name “cow- logical features very similar to those of the original 
pock ” had covered along with various other things the Hendon di»ease. 

disease which we know as vaccinia. But it is one thing Of this Edinburgh disease (the pathology and aetiology 
to have learnt the essential natui^ of those sores of the of which are described by Dr. Klein in Appendix B., No. 2) 
cow that are concerned with vaccinia or scarlatina in Prof. McFadyean notes that it “differed in every im- 
the human subject, and quite another thing to affirm the portant respect from true cow-pox," and that (like the 
distinguishing characters by which these may be recog- Hendon disease) “it did not cause eores on the hands of 
nfeed from other sores that once on a time laid claim to the milkers." Here, then, on the evidence of the Vetermary 
beingequafly with them “cow-pox "or “spurious cow-poK," Department, was a cow malady that was not cow-pox, 
It is very obvious, too, that our new discontent with the 

name “ spurious cow-pox " does not at once give us know- ‘ The lujics cun. 
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that was not the Hendon disease of Prof. Brown^ but 
which was associated with throat illness among consumers 
of the milk of the affected cows— just such a cow malady, 
in fact, as the Medical Department stated could have, 
and had, existed without recognition by veterinary 
surgeons. 


SKELETON OF PHENACODUS. 

A ll readers of the American Naturalist must be 
familiar with a striking woodcut of the entire 
skeleton of a peculiar fossil Ungulate, which occurs 
throughout a long series of numbers among the adver- 
tisements, and bears the following somewhat startling 
subscription, viz. “ The five-toed horse — the ancestor of 
lemurs and man.” This figure we arc enabled, through 


< the courtesy of Prof. Cope, to reproduce in the accom- 
panying woodcut. The name given by its describer, Prof. 

I £, £>. Cope, of Philadelphia, to the animal of which the 
I skeleton is so marvellously preserved, is Phenacodus 
I primavusj the genus forming one of the best-known 
I representatives of that very curious extinct group of 
: generalized Ungulates for which the Professor has 
proposed the name Condylarthra. 

Till quite recently those zoologists who have not enjoyed 
i the good fortune of visiting the United States have been 
acquainted with this remarkable and unique fossil only 
by description and figures ; the largest figure being the 
; fine plate in Prof. Cope's ma^ificent quarto work on the 
, “Tertiary Vertebrata of the West,” puolished a few years 
ago by the United States Government among the Reports 
of the Geological Survey of the States. Some months 
ago, however, the Keeper of the Cieolo;;ical Department 



The Skeleton of rhenactHtuit pHmtgvm ; from the Wawteh 

of the British (Natural History) Museum entered into 
negotiations witb Prof. Cope, to whom this priceless 
specimen belMtgs, with a view to obtaining a plaster 
model for exlbibition in the palaeontological galleries of 
the Museum. Fortunately these ne^tiations have been 
attended with success, and all stu^nts of Mammalian 
osteology certainly to pay a visit to the Museum in 
order to see tbb beautiful cast, which is now mounted in 
Its place, and is, we will venture to say, of far more value 
tptheetudent^n many of the real but frag^nentary fossil 
specimens fot whidt large prices^ have been paid. We 
ma^ indeed congratulate the popular Keeper of the Geo- 
lo^cal Department in not hesHating to pay what we 
bmieve was a somewhat heavy price for the acquisition of 
thiscast^ 

No could, indeed, possibly give an adequate 

tdda of tne ntaryeUouB state of preservatm of the original 


Eccetie of Wyomine* One-aavenih natural 6.rc. (After Cope.) 

specimen ; and we must confess that personally we totally 
failed to acquire a conception of the real sue of the 
specimen till we were brought face to face with the cast. 

The original slab was obtained some years ago by Mr. 
J. L, Worlman from the Wasatch Eocene of the Big- 
Horn basin in Northern Wyoming, and was subsequently 
transferred to the collection of Prof. Cope, of which it is 
one of the chief gems. The Wasatch beds, it may be 
observed, are low down in the Eocene, and when we con- 
sider that so many of even the Upper Eocene Mammals 
of Europe are known only by isolated and often imperfect 
skulls, teeth, or limb-bones, we arc struck with the mar- 
vellous preservation of the American form. The dimen- 
sions ot the slab are about 49 by 28 inches ; an(> Prof. 
Cope describes the animal as intermediate in point of 
site between a sheep and a tapir. The animal lies on its 
I right side, wkh the tail bent suddenly down behind the 
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posterior limbs, and the shoulder-blades thrown up from 
their proper position some distance above the line of the 
vertebral column^ The skull is almost entire, and although 
the scapula.^ are imperfect, and the right pectoral limb 
has sustained some losses, all the bones of the skeleton are 
in their original juxtaposition, so that we may note the 
arrangement of the bones of the carpus or tarsus almost 
as well as in the skeleton of a recent type. It strikes us, 
indeed, that it would have been quite easy to have ex- 
tracted the ^kull and many of the bones of the limbs 
from the matrix, and made entire casts from them, which 
could have been pUiced in cavities in the cast from the 
original slab. 

The chief importance of this and other American 
specimens of fossil Mammals belonging to totally extinct 
types is iheir completeness, whereby we are enabled at 
once to gain a very fair idea of the affinities of the animals 
to which they belonged. In Europe, with tlie exception 
of the well-known Mammals of the Upper Eocene (or 
Lower Oligocene) of the Paris basin, our efforts are 
nearly always hampered by the imperfect nature of our 
specimens — as witness the question whether the limb- 
bones from Hordwell described by Kowaiewsky are or 
are not referable to the Dichvdon of Owen, which was 
founded upon the evidence of the skull— so that we can 
very rarely speak confidently and fully as to the affinities 
of any particular form. It may, indeed, be stated, without 
any fear of contradiction, that we could never have hoped 
to have attained anything like our present knowledge as 
to the mutual affinities of the various sub-orders (or 
orders) of Ungulate Mammals and their relations to 
other , groups, had it not been for the fortunate dis- 
coveries of such a host of well-preserved specimens in 
the Tertiaries of the United States. And we may here 
express the obligations which all European students are 
under to those palseontologists .who, like Messrs. Cope, 
Lcidy, Marsh, Osborn, Scott, and others, have laboured 
so indefatigably to collect and describe the Vertebrate 
faunas of past epochs in the so-called New World, In 
expressing Ihus briefly our obligations to these eminent 
exponents of the life-history of a former world, we must, 
however* not .omit also to mention the enlightened I 
liberality ,of the Government and of various learned 
Socji^lts in the States, which have furnished the funds 
aeottsary to render these treasuies available to the world, 
thrmgh the means of the magnificent publications in 
which they are described. 

In concluding this brief notice of the new treasure re- 
cently aqui red by our National Museum, we may say a 
few words regarding some of the chief characters of the 
Condylar throus Ungulates. One of their most essential 
A features is the comparatively simple arrangement of the 
bouee of the wrist and ankle joints (carpus and tarsus) ; 
the various rows preserving their original distinction, and 
having only very slight mutual interlocking. In this 
respect, this group agrees with the existing Hyracoidca so 
closely that Prof, Cope has considered himself justified in 
brigading the two groups together under the common 
title of Taxeopoda. Usually ihe dentition comprises the 
full mwnber of teeth foutKl in those higher, or jjJacental, 
Mammals in which the teeth are difieientiaied into 
groups ; and very generally the cheek-teeth have tlieir 
• crowns formed on \shat is .known as the bunodonc type. 
That h to say* their crowns ore low, and carrj^ three or 
more low and blunt tubercles, as eKempliiied in the pjg 
and in man. Further, the eye or canine teeth are well 
deveiapedj.and recall those of the Carnivora. Again, the 
hunaerus, or bone of the upper arm, has a ioramen at its 
lower extremity, which is totally unkne^wn inwall other 
Uiigtdafees, and hkewiso recalls the Carnivora, and .some 
<>£ the lower orders* Thcidipits are nearly, always five in 
^ number,, and theirlerminai joints arc so .pointed as fre- 
jquently to render it difficult to say whether their coverings 
should ho termed nails or hoofs. The femur, or Jpg-faoue, 


has a third trochanter, like that of existing Perissodactylate 
Ungulates ; and the ankle-bone, or astragalus, has its 
lower articular surface uniformly convex, instead of flat- 
tened or facetted as in all modern Ungulates. The astraga- 
lus and the wrist joint are, indeed, very similar to the sanm 
parts in the generalized Carnivora of the Eocene. The tail 
was larger and heavier than in any existing Ungulate, and 
was thus more like that of many Carnivora, such as the 
wolf. In walking, il appears that the three middle toes- 
of each foot touched the ground, whilst the first and fifth 
toes stuck out on the sides and behind, after the fashioiv 
obtaining with the second and fifth toes of the pigs. 

The curious approximation made in the osteology of 
this remarkable type of Mammal to the generaliied Carni- 
vora of the Eocene, to which Prof. Cope Iras applied the 
name of Crcoctonta, is so marked that Dr, Max Schlosser, 
of Munich, considers that we arc now justified in regard- 
ing the Ungulates and the Carnivores as divergent 
branches of a single primitive stock. Pkcnacodus ia 
regarded, moreover, by IVof. Cope, as the ancestral type 
from wliich a number of the more specialized Ungulates^ 
have been derived ; and there appears every probability 
that this genus should be placed as one of the earlier 
links in the chain which culminates in the modern horse. 

Recently, however, the American Professor has 
proposed to include in the 'Paxeopoda not only the 
Hyracoidea and Condylarthra (which it was originally 
formed to receive), but also the Primates of English 
zoologists, which it is proposed to divide into ibcDauben- 
toidea, represented by the existing aye-aye {Chiromys} 
and the extinct .■ the fjuadrumana, crobracipg 

the other lemurs and monkeys ; and the Anthropo^ 
morpha, which is taken to include the man-like apes and 
man. A complex genealogical tree is given, in which the 
Phenuccdontidoi are represented as not only the pro- 
genitors of the other Ungulates, but also as giving origin 
on the one band to the so-called Da u ben toidea, and on 
the other to the Qiiadrumana, from which the Anthropo- 
rnorpha are derived as a secondary branch from the 
PZoccne Lemuroid Amtp^morphidt^^ which group is itself 
derived from the Adapidir^ as represented by the well- 
known Adapts of the Upper Eocene of Euro]^. 

Now, with ail du3 respect to Prof. Cope, we venture to 
say that no English zoologist will be inclined to accept 
a classification which includes in a single “ order ” such 
widely diffcient forms as man and the hyrax, while the 
other Ungulates arc apparently regarded as constituting a 
1 totally distinct order. Again, in regard to the genea- 
I logical tree it appears to us to be incomprehensible how 
an order like the Primates, all the members of which are 
furnished with fully ^developed clavicles, can have taken 
origin from an Ungulate type like Phenacodits^ in which 
it appears that those bones are totally wanting. While,, 
therefore, fully recognizing the great interest of Pk&ta- 
codus as an ancestral type, we totally fail to see how 
it can also be regarded as the “ ancestor of lemurs and 
of man.” R. 


THE IRON AND STEEL INSttrUTE, 

^PHE twenlkth season of the Iron and Steel inptilKlte 
L was opened on Wednesday, May 8* when the FresMohN 
Sir James Kitson, gave his inaugural addwss, whiehwma 
of a technical character, and was devoted mainly lo ^*he 
consideration of the best YorHahire iron as an iadafttrial 
product ; hut the aub^ect of iron ,a^ys,to whieh/we ^liaU 
refer again, the e^denoing application of ux>n and 
railways and ships, and other ^noUers -of iotereatf aach 
as technical.educaUon and the revival^f trade, <weceMaUo 
referred to. 

The first paper read was one on the alloys of uiaheUnd 
alee), by Mr. James RHey. Thia4ed to.avery 4enSth^<and 
interesting disepesion, ^rom which it appeared^ as Ites 
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often occurred in similar instances, that another metal- 
lur^st had been working in the same direction for a con- 
siderabic time. The results obtained by Mr. F, J. Hall, of 
Messrs. Jessop'a, of Sheffield, and Mr. Riley are very 
similar in character, but whilst the former appears to have 
made what may be called industrial experiments, those 
of the latter have been mainly confined to the laboratory. 
Nickel can be made to form an alloy with steel, in 
quantities varying from a hardly appreciable amount up 
to as much as 50 per cent. ; the alloy does not require an 
excessively high temperature to melt it, special attention 
is not necessary in its production, the resulting metal is 
definite in character, and is easily worked both under the 
hammer and in the rolls. A very remarkable increase in 
the tensile strength and elasticity of steel is produced by 
alloying it with nickel. Among many tests given by Mr. 
Riley, the following specially referred to by him may be 
cited In No 6, the carbon present (0*22) is low enough 
to enable us to make comparison with ordinary mild 
steel, which would give (when annealed) results about as 
follows: elastic limit, i6 tons, breaking strain, 30 ions, 
extension 23 per cent, on S inches, and contraction of area 
48 per cent. Therefore, in this case the addition of 47 
per cent, of nickel has raised the elastic limit from 16 up 
to 28 tons, and the breaking strain from 30 up to 
40*6 tons, without impairing the elongation, or contrac- 
tion of area to any notice.ible extent.'^ In his remarks 
Mr. Hall referred to his applications of nickel steel to gun 
barrels, propeller blades, and other purposes during recent 
years, and concluded by observing that in an experiment 
he had made about twelve months ago, he had obtained 
with nickel steel a tensile strength of 97 tons per square 
inch, with an elongation of 7 per cent. Another im- 
portant point with regard to nickel steel referred to by 
Mr. Riley is its non-corrosibiiity when the alloy contains 
25 per cent, of nickel, for, with low proportions of nickel, 
-ordinary mild steel and nickel steel appear 10 corrode in 
about the same proportion. In the discussion Mr. White 
(the Chief Constructor of the Navy) drew attention to the 
■question of cost, as affecting the application of materials 
in practice, and with nickel at j^224 a ton, or jf|56 as the 
cost of the nickel in a ton of 25 per cent, nickel steel, it is 
a consideration. 

The next paper, on the manufacture of basic open- 
hearth steel, oy Mr. J. H, Darby, also gave rise to an 
important discussion. From the paper and discussion it 
may be inferred that the basic steel industry has not made 
so much progress in this country as it has done in 
Oofmany. This may be due to the circumstance that 
Gem an ores are mainly phosphoric in character (Mr. 
Thielen; who spoke as to his experience in Germany, 
stating that of the steel no v produced in the Siemens | 
furnace in Germany 70 or 80 per cent, was produced in'| 
the Siemens basic furnace), or to the Batho type of | 
furnace used in jthla countrj^ being inapplicable to steel- | 
making, aa oplitibri expressed as well by the author of , 
the paper as by speakers who followed him. Mr. Windsor ; 
Richards could not understand why they had gone away 
from the rectangular furnace of Sir William Siemens, and ] 
was pleased to say that since he had returned to it his 
difficultiee had come to an end ; iwhiUt Mr. John Head, 
Mr. Frederick Sien^eos’e reppeseniativer spoke of a new 
forni of regenerative gas furcace, recently built ^and tried, 
which- consumed about 50 per cent, less coal than the 
original regenerative gas furnace, and promised a paper 
on theeubj^i^theautiiina Parismeeting of the Institute. 

, A stJittiamal.pap«r on the^progrese made in the German 
irattindttfttry eim:e jSSo was read by Mr, R Schrosdter., 

Oh* otk the ingiience of copper on the tensile strength of 
stejd was read by. Messrs, E. J. Ball and A. Wingbam, in 
the^utbors sthtt that from a general consideration 
of t^ residts Of their expertmems ir would seem thht 
^thin certake lindts copper dees not prejudicially afftet 
the mechanical properties of steef. in this they agree 


with a theory brought by Prof. Roberts-Austen before the 
Royal Society last year to the effect that smill quantities 
of a metallic impurity exert a deleterious effect on a large 
mass of another metal only if the atomic volume of the 
impurity is greater than that of the metal in which it is 
hiciden. Mr. Bauerman, in discussion, expressed the 
opinion that it was not the copper, but the sulphur which 
generally came with the copperj that wa^ injurious to iron. 

The papers on universal rolling-mills for the rolling of 
girders and cruciform sections, by Mr. H. Slack, and on 
the Thomasset testing- machine, by M. Gautier, were 
mainly of mechanical interest. M. A. Pourcel read a 
paper on the application of thermal chemistry to metal- 
lurgical reactions 
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O BSERVANT travellers by the Great Northern Scotch 
express may see, as it nears Newcastle, the low 
dome of an astronomical observatory on the eastern side 
of the line. It is a spot which will be memorable in the 
history of astronomy, and it marks the home of a man 
who combined the practical sagacity and inventive skill 
which have made England the first industrial nation in 
the world, with the love of science which must be added 
to these if it is to hold its place. 

Mr, Newall, whose death we chronicled a fort- 
night ago, was a successful manufacturer. When he 
was still a young man, a friend who was studying mining 
in Saxony informed him that cables made of iron wires 
were largely used there, but that the process of making 
them was ‘‘ unmechanical,’’ and suggested that he should 
invent a machine for the purpose. This he did, and wire 
ropes of his construction are now used all over the world. 
From time to time he improved on the original desip^n, 
and so lately as JS85 he devised a new machine by which 
the rope is made at one operation, the double process of 
first making the strands and then combining them being 
avoided. 

His interest in his business was not, however, confined 
to the gradual development of his earlier patents. He 
was quick to see that wire rope might help in solving the 
difftcultics which had to be overcome before submarine 
telcp-aphy was an accompli ibed fact. 

Sir Charles Wheatstone had clearly conceived the 
possibility of electric communication between England 
and the Continent as early aS 1837. In 1840 he gave 
evidence on the subject before a Committee of the House 
of Commons, and references were made to his suggestion 
in the public Press. His drawings and notes show, how- 
ever, how diffimlt the problems of insulating and 
preserving the cables seemed to these early pioneers. 

The insulation was attained by the use of gutta-percha 
—of which Mr. Newall received a portion of the first 
sample transmitted to this country — but the cumbrous 
devices at first suggested for protecting the outer cover- 
ing of the cable were forgotten when Mr. Newall pro- 
posed that the gutta-percha lines containing insulated 
wire should be surrounded with a strong wire rope*' 
(pamphlet by Mr. R. McCalmont, dated September 

19. 

Th# firatxrablei laid berweftn' Dover and Cap» Grisnez, 
in which this plAn was not employed, broke after one 
day. The first successful cable/ which was laid on Sep- 
tember 25, 1851, by Mr. Crampton, was manufactured 
by Mr. Newall, and protected by wire: 

The#, submergence of cables in seas deeper than the 
English Channel presented greater difficulties, and the 
Newall drum-brake, which was introduced in 1853, and 
afterwards for a time abandoned, hhtt since bhen^agaln 
emplej^cd; so that, as MV. Ft C. \VeW> stated at the 
fnatitute^trf Telegraph Engineers in 1876, “we have come 
b»ck to the old drum-brake of Newall.'' 
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Mr, Newall took an active part in superintending the 
actual laying ctf many cables^ and on these occasions he 
showed the qualities of a leader of mcn-^cool in 
an emergency, confident in his own resources, and 
undismayed in disaster. ** Gentlemen, it’s over now ; 
ye may go to bed," was his only remark when a cable 
broke involving a loss of many thousands of pounds. 

During the Crimean War he laid a wire insulated in 
gutta-percha without sheathing of any kind from Varna 
to the Crimea. It was run out over the stern through 
hand leathers held by the cable men in turn. ' He formed 
one of the boat’s crew that left to seek help for the ms- 
sengers of the P. and O. steamship Almay wrecked in 
1859 in the Red Sea, 

But, during this busy life, Mr. Newall never allowed 
his love of pure science to be crushed by the weight of 
the practical affairs in which he was engaged. The suc- 
cess of submarine telegraphy was due to no one in- 
dividual only, but to Mr. Newall belongs the credit of 
inaugurating a new era in the construction of refracting 
telescopes. He had long wished to possess a refractor 
of large dimensions, and in the Exhibition of 1862 he 
discovered two large disks of crown and flint glass, 
manufactured by Mr. Chance, of Birmingham. He 
at once saw that his opportunity was come, secured 
the glass, and placed it in the hands of Mr. Cooke, of 
York. 

As the result of his boldness in risking a very large 
sum on an experiment the success of which was most 
uncertain, Mr. Newall carried, at one bound, the diame- 
ter of the largest object-glass from 15 to 25 inches. His 
observatory was a spot to which the most distinguished 
astronomers journeyed, and to which Profs. Newcomb. 
Holden, and Alvan Clark came as a deputation frpm 
the other side of the Atlantic. 

Mr. Ne wall’s original idea was to mount the telescope 
in the Mauritius, and spend as much time as possible 
there himself. This plan has never been carried out, and 
the great Newall refractor has never yet had a fair chance 
under the adver.se skies of Newcastle. Almost his last 
act was to offer it as a gift to the University of Cam- 
bridge, and it is to be hoped that it may there add to the 
high scientific reputation that University has won. 

To have established a new industry, to have taken 
an active part in securing a triumph of applied science- 
which will modify the history of the world, and to have 
led the way in the development of the refracting tele- 
scope, is a record of achievement to which few attain, 
but which does bare justice to the life-work of Robert 
Stirling Newall. 


NOTES. 

The Report of the Royal Commission appointed to consider 
tbee^tpediency of establishing a Teaching Umversity for London, 
has been laid on the table of the House of Commons, and the 
Riae-book may be expected in the course of the next week. 
The Commissioners are agreed— first, that the petition of the 
Royal Collates of Physicians and Surgeons to be anthorieed 10 
grant degrees in medicine should not be entertained ; secondly, 
that it is desirable that London should have a Teachiv^ Uni* 
venity. On the third point— whether a charter shall be granted 
to the associated Colleges of King's and University, constituting 
these Colleges the Teaching University of London— the Com- 
missioft are divided. The three Commisstoners connected with 
the teaching profession (Sir WWiam Thomson, Prof. Stokes, 
and Mr. Welldon), are in favour of it ; the three lawyers (lyord 
SelbDrqie> Sir James Hanneo, and Dr. Ralll, are opp<Hed to it.' 
The Report with a request that this question be referred 
badft to the Commission for tbeh' funfaer onsidtration, in order 
that they may determine whether it is not possible to devise 


a scheme of common action between the twp Colleges and tlw 
existing University of London. 

Prof. Stokes will deliver the Rede Lecture on Wednesday, 
June 12, at 2 p.m., in the Senate House, Cambridge, the sub- 
ject being, "Some Effects of the Action of Light on Ponderable 
Matter." 

Thk Museums and I^eclure Rooms Syndicate, Cambridge, 
have b^en autborired to have quantities taken out and tenders 
invited for the proposed Anatomical and Physiological Buildings, 
in three distinct blocks. 

Mbs. i)e i.a Rue has presented to the Royal Institution the 
philosophical apparatus of the late Dr. Warren de la Rue. A 
fine portrait of Sir Ifumphry Davy has been presented to the 
same Institution by Mr. James Yourg, grandson of the late 
Dr. James Young, F.R.S.. of Kelly, the former owner of the 
portrait. 

Thk Swedish Government has decided to send a man-of-war 
to New York to bring home the body of Captain Ericsson, who 
expressed a i-trong desire to be buried nt Lhngbanshyttan, in 
Vermeland, the place of his birth. In his will no directions are 
given as to the disposal of his valuable collection of models, but 
Swedish journals state that the exccvxtors will present them to the 
Smithsonian Institution . 

The last mail from Bombay hr ings news of the formal open- 
ing. by Lord Reay, of the Jubilee Technical Institute in that 
city. The Times of Imha^ commenting on this event, says it 
forms a notable landmark in the educational history of Bombay, 
That the Institute meets a public want is shown by the circum- 
stance that it already numbers two hundred and forty students, 
while nearly hlalf as many are awaiting nomination. The origin of 
the Institute is this. When Lord Ripon was about to leave India, 
A movement was set on foot to signalize his Viceroyalty by n 
memorial of some kind, and subteriptions were collectctl for the 
purpose. .Soon after Lord Reay’s arrival in Bombay there arose 
suggestions for the formation of a technical school. The Govern- 
mem in January 1887 promised a grant of 25,000 rupees annually, 
and recommended to the Municipal Corporation of Bombay that 
80,000 rupees which they proposed to devote to commemorating 
the Jubilee of the t^ueen’s reign should be devoted to the founding 
of a technical institute. The other funds were amalgamated with 
this, and a Board of management was formed ; but still tbe fumls 
were found insufficient, until at lost ibe munificence of Sir 
Dinahaw Petit come to the rescue. He presented the Board 
with a noble building, and work began at once, and the formal 
official opening took place recently, although, in fact, the 
Institute has been open for several months. The immediate and 
signal success of the Institute Lord Reay attributes in no smalt 
measure to the fact that in starting the movement its originators 
did not allow themselves to yield to the demand for a programme. 

The Upsala University and the Swedish Geographical Society 
have sent Dr, Carl Forsstrand to study the marine fauna of the 
West Indian Islands during the present summer. 

The Indian papers report the death from cholera, at Ran- 
goon, of Dr. Robert Romanes, Professor of Science in the 
Rangoon College, and Chemical Examiner to the Burmab 
Government. 

In the horticultural part of the Paris Exhibition there are 
some splendid Iw!* of Darwin tulips in fell bloom. The 
flowers are magnificent, and a vWe keeps Svatich 

over them— an unusual proceeding in France, where flowers 
arc never in ordinary circumstanoes stolen from public gardens. 
Unfortunately the pmnce of on unusual number of feitigners 
mokes this precaution weoessary^ In the same part there fe a 
very curious exhibit of Japanese horticulttne. It opnoifU of a 
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nucnbcr of specimens of dwarfed trees — trees which are usually 
tall, but in the present case hardly atuin the height of 2 or 3 
feet This exhibit excites much interest among gardeners. 

Zoologists will be interested in the exhibit of the Principality 
of Monaco at the Paris Exhibition, a^ all the implements used 
by the Prince in his dredging experiments are to be shown, 
with numerous specimens of deep-sea fauna. The exhibit of 
the results of the TaHsman researches will unfortunately be 
scanty. 

Last week, Mr* Kalph Moore, Inspector of Mines for the 
Eastern iJistrict of Scotland, oft hia reiirement from that post, 
which be has held for twenty-aev^n years, received a farewell 
present from a number of gentlemen connected With the Scottish 
coal and iron trades. Jn thanking the donors, Mr. Moote gave 
some interesting details of the improvement in mining appliances 
since he first was a colliery manager, forty- eight years ago. At 
I hat date, he said, there were cages at two or three collieries in 
the county of Edinburgh, but there was none in Lanarkshire. 
'J he Coals were all drawn in corbes. A few years after, there 
was not a single colliery without them. Pug engines were first 
inrroiluced about 1845. Ventilating furnaces were of the most 
primitive description. Fans were unknown. The first fan in 
Scotland was put up in 1868 ; now there were hundreds, anti 
scarcely anyone thought of doing without a fan. The amount 
of ventilation in a colliery was from 8000 or io,ocO down to as 
low as 1000 cubic feet per minute, and now there were some 
collieries in the district with 250,000 cubic feet per minute. 
Last year he made the calculation that eight tons of air were 
sent into the mine? for every ton of coals extracted. Wire ropes 
were not in use at the time of which he spoke ; now there was 
nothing else. Underground mechanical haulage w as practically 
unknown ; now it was universal. Many large collieries had only 
one shafl;, now all had two. A coal-owner putting out 100,000 
ions a year was a large coal-owner. There were coal-owners 
now putting out over 600,000 annually. As a consequence of 
all these improvements, the output of minerals in the district, 
wliich in 1856 was 4,500,000 tons, was now 17,000,000 tons, 
and the death-rate, which in 1853 f*'*" every 250 persons 

employed, is now about one in 800. 

In connection with the Congress of German Anthropological 
Societies, which is to meet this year at Vienna, a large exhibit 
tion of prehistoric objects is being formed. All the smaller 
public collections and the most important private ones of 
Austria will be represented. 

Sir W. Branj>ford Grikfith, Governor of the Gold 
Coast, has reported to Lord Knutsford the occurrence of 
n smart shock of earthquake at Accra on April 5, at 12. t 
noon. The seismic wave seemed to run from south to north, 
and was felt at Aburi, twenty-six miles to the northward of 
Accra. Sir W. B% Griffith had not heard of any serious damage 
Iwittg caused in the colony, nor, so far as he could hear, was 
the earthquake felt at sea or at Addah. Christiansborg Castle, 
the Government House at Accra, was once laid in ruins by an 
earthquake. 

Earthquakes still continue in the neighbourhood of Vycroyi 
ill Turkestan. Oft February 19, at 3 p.m., an earth-tremor was 
felt aAer a fortnight of absolute rest. The shook was quite 
isolated, and lasted but a few seconds. Another slight shock was 
felt during the night, at 2 a.m. On FebruRty 25, at n A.m., a 
noise like thaf'of a discharge of a battery of guns was heard, and 
I he soil was set in motion for about three seconds. Many houses 
croekedt but there was no loss of life. 

/4 N<aurt of April 27 contains a repi'esentatlon, by photo- 
of . an interet^ting s3moptic table of weather predict 
lion, by MM*- Flumandon and Colom^s, Whereby anyone may 


find mechanically the probable wealher, by observing the 
direction of the wind, as based upon fourteen years' ob- 
servations at the Puy-de-D6me Observatory. The iabl« 
from which the representation is reduced, is printed in 
>ix colours, and is divided into eight sectors correspond- 
ing to the principal directions of the wind, and comprising 
216 weather conditions, A movable indicator, with three 
arms, works upon a pivot ; one arm being moved to re- 
present the wind direction as shown by the clouds or n 
good wind -vane, the others then point to the region of 
lowest barometer, and to the probable weather, indicated by one 
of the cases referred to. These conditions are contained in a 
few words, and differ for each season of the year, and for 
(lifierent states of the barometer, high, low, &c. The prin- 
ciple involved is merely an application of the rale known as 
Buys Ballot^ law : ** Stand with your l>ack to the wind, and 
the barometer will !>e lower on your left hand than on your 
right,*' combined with the experience gained in weather predic- 
tion during the last thirty years. A card somewhat similar in 
principle was publisherl some years ago by the late F. Pastorelli. 
Persons unable to consult daily wealher charts may find the 
diagram very useful. 

In a private letter recently received from Dr. Maegregor, the 
Governor of British Guinea, an interesting account of his trip in 
the Ifygcta through the Louisiade Archipelago and the arljacent 
groups of islands is given. He found them, he says, all thickly 
inhabited, the natives being in thousands, and in many cascfv 
very wild — so wild, in fact, that he thinks it probable they ha^l 
never seen a white man before. On some of the islands he found 
hot mud-springs, some of them being strongly impregnated with 
sulphur. Gold was found on many of the islands, but in no 
instance was it in payable quantities. 

AccoRniNG to Allen's Indian Mail, the Madras Museum 
now jiossesses the skeleton of the largest elephant ever killed in 
India. This elephant was the source of great terror to the 
inhabitants of South Arcot. by whom it was killed and buried. 
The Museum authorities despatched a taxidermist to the si>ot 
to exhume the bones and transfer them to Madras. The skele- 
ton is exactly 10 feet 6 inches in height, being 8 inches higher 
than the highest hitherto measured in the flesh by Mr, 
Sanderson. 

Mr. Lester Ward has recently claimed an American origin 
for the entire genus Platanus, of which the plane and the syca- 
more are the best-known species. It occurs abundantly, 
ever, in these isles, in the Lower Eooegnia of Mull, Rendin^^^ 
and the Middle Eocene of Lough Mlwigh, the former beiw, 
probably at least as old as the beds in which it makes its carli^ 
appearance in America. It probably came into existence in the 
Old World in late Cretaceous lime-. 

Dr. Marion describes, in the Annales des Seieners G^lo~ 
A new conifer, having the foliage of Araucaria with the 
cones of Dammara, and therefore an essentially Australasian 
type, which only became extinct in France In the Miocene* 
Tht Material is so perfect and ample that very little more would 
itHAihk to be learnt about it, were it still living. The same, or 
M hdirly allied, species abounded in the lale of Wight in the 
Oligoeene. In outward form the tree must have resembled 
Cryptomeria. 

The May number of the ICetv BulUiin opens with an inter- 
esting account (with plate) of^ the Persian dye plant Zalik pit- 
pared by Sir Joseph Hooker for the April number of the 
Bcinnical Magaaint. This ia followed by an account af Tas- 
manian woods, some curious details as to lUy fibers and bniha 
used as food, a paper on Pu-^h tea, an aonount (with |ihiee) of 
the short-podded yarn-beam, and a list of the sta^ of the ItoyaJ, 




Gardens, Kew, and of botanical depart rnents and establishments 
at home, in India, and in the Colonies, in correspondence with 
Kew. 

In his Report for 1888, ju^t issued, the librarian of the 
Mitchell Library, Glasgow, note^, for the third year in succession, 
a decrease in the number of volumes issued to readers. This is 
believed to be mainly due to the fact that the rooms are not 
nearly large enough to provide accommodation for those who 
wish to use the library, Kven now, notwithstanding the decrease 
of attendance, the rooms are often inconveniently crowded. It 
seems strange that in a wealthy and intelligent city lilce Glasgow 
there should be the slightest difficulty about the provision of a 
proper building for so good a collection of books— a collection 
which, according to the librarian, “is becoming year by year 
richer in all departments of literature, better fitted to supply the 
wants of every student and every reader," 

The Burton-on-Trent Natural History and Archaeological 
Society have begun to issue “Transactions"; and if we may 
judge from the first volume, which we have just received, sue- 
■ceeding volumes are likely to contain a good deal of interesting 
work. The most important paper in the present volume is 
a Report, by Mr. John Heron, on certain explorations carried 
<m at Slftplehill in 1881, under the auspices of the Society. In the 
course of these explorations the remains of upwards of thirty-six 
human bodies were found, accompanied in some cases by personal 
ornaments, small iron knives, or weapons of a kind which showed 
that the ground had been a burial-place of the English in pagan 
times. The various “finds " arc clearly described by Mr. Heron, 
whose paper is admirably illustrated by a frontispiece and ten 
jilates. 

The third chapter of the revised edit! )!) of D/. Elias Loomis’s 
“Contributions to Meteorology" has been issued. In this 
clmpter the author deals with the mean annual rainfall for 
■different countries of the globe ; describe* the conditions fawur- 
a:ble, and the conditions unfavourable, to rainfall j examines 
individual cases of rainfall in the United States, in Europe, 
and over the Atlantic Ocean ; and defines the areas of low 
pre.'wure without rain. Many valuable plates accompiny the 
text. 

The May number of Himmd umi Erdt (Berlin) opens with 
an interesting description of the Lick Observatory, and an 
account of its foundation by the J^irector, Prof. Holden. The 
article is illustrated by a view of the giant refractor and the 
interior of the Observatory, the presence of three of the ob- 
servers serving to give an idea of the immense size of the 
instrument. Or. Mohn continues his account of the Norwegian 
North Sea Expedition, and Or. Wagner concludes his article 
on the Krakatob eruption. Other articles and astronomical data 
for the monih are aUo given. 


glad to have their attention attracted to the appeal of the 
Council for volunteers to tabulate certain works which are 
mentioned, the method of tabulation being shown at the end, 

Messrs. Smith, Ki.der, and Co. have issued a new edition 
of “Wild Life in a Southern County,” one of the finest of 
the late Mr. Richard Jefferies’s wrUin;^s. 

At a recent meeting of the Linnean Society of New York 
City, Dr. G. B. GrinncM read an instructive paper upon the 
I Rocky Mountain goat {Afasavta mouiana). The limits of the 
I range of this animal have never been fully defined by any one 
, writer. It is a mammal belonging to the Arctic fauna, and 
I only fjund among the high and rugged mountains of the Rockies 
) and Coast Range, where the snow lies all the year. The centre 
of its abundance seems to l>e in Western Montana, Idaho and 
i Washington Territories, and British C oUimbia, and it has been 
found from about latitude 44^ to about latitude 65'’ ; its southern- 
most records being on the highest peaks of the Sierra Nevada, 
near Mount Whitney. This goat is in no immediate danger 
' of extermination, as it inhabits the most inaccessible localities, 

I and has few natural enemies. 


I Uric ACID has been synthesized by Drs, Hchrend and Roosen, 

I of Leipzig, in a manner which completely settles the question of 
its constitution. A few months ago a syntheds of this important 
I natural compound was effected by Horbaezewski, by fusing 

! /NH, 

I liigether glycocine, CH... NH... roOH, and urea, COy 

I ; ' \nh, 

I High temperature reactions, however, arc never satisfactory as 
I indicating the constitution of organic compounds, inasmuch as 
I there is always a possibility of inter* molecular change. Ilencc 
, a new mode of synthesis a’ lower temperatures has been devised 
I by the Leipzig chemists, and carried out in an admirable manner, 

I every stage being most critically investigated so as to be 
I absolutely certain of the constitution of the intermediate com- 
I pounds. The process consists of seven stages i) The substances 
i started with are aceto- acetic ether, CHj.CO.ClI3. COOCaHgjOnd 

I /NHj 

urea, * These two compounds combine togethenvith 

elimination of water, forming an ether of crotonic acid in which 
I one of the hydi'ogon .atoms is replaced by the radical of urea, 
CH, 

I • (0 This substance on 

NHg. CO.Nll— C=CH— COOCaHs 

saponification with caustic potash yield^i the potassium salt of 
the corresponding acid. The free acid itself readily splits off 
NH--C— CMj 

water, forming the anhydride, CO CH , methyl umoll, os 
Nil— CO 


The new mimber of the I'olkdorc JouvnM (vob vli. part 2) , 
contains an interesting paper, by Mr. John Abercromby, 
on the beliefs and leligious ceremonies of the Mordvins, a I 
people of Finnish descent inhabiting parts of Central Russia, | 
who were pagans up to the beginning of the present cen^ ' 
tury, The paj^er gives their conception of the Deity, a list of ‘ 
the various objects of worship, their account of the creation 
and the fall of man, and descriptions of their feasts and sacri- 
Aces. The paper is one of considerable length; Mr, Edward 
Clodd foliowe up his recent piper on^ “The Philosophy of 
Pttnchkin ” by»a simitar one called “ The Phtlosophy of 

the latter being a gwietdo title deiilved from^he 
cHaffltecer in Grimm’s wefH -known MdnkeHi An" inteeeithig 
btbliogniphy of variants of the tale is appended. Smdeitts of 
l 0 tk 4 ore anxious to aid the Society by practical work wHl be 


it is termed. (3) Oti treatment with fuming nitric aoid, the 
CHj of methyl uracil becomes oxidized to the acid radical^ 
COOH, a nitro-group, NOj, being simultaneously introduoed, 
NH— C— COOH 

I !j 

CO C— NOa . (4) On boiling this nitro acid with water, 
NH— Co 

a molecuU of carbonic anhydride is eliminated^ leaving 

NH-CH 

I l| 

a substance termed nitro-utaoil, CO C-^NOj. (5) O^i fe- 

tin— uo 

dttcUon with sine and hydrochloric acid, nitro-uraalj yWds 
i»o-bxrbitttric acid— a compound which has been shOWtt 
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in a previous ]>aper of Dr. Behrend's to possess the consti- 
NH— CH 

I II 

tvUion CO COH, (6) By oxidation of iso -bajbituric acid with 

I I 

NH— CO 

bromine water another acid is obtained, which is found to be 
isomeric with dialnric acid^ but differs entirely from that acid in 
properties ; it is therefore termed tso-dialuric acid. From 
its reflctions it is shown to correspond to the constitution 


NH-CHOH 
,1/OH 

NH-CO 


CO 


/-X 

OH* 


It crystal! i/.es in long rhombic prisms containing 


a molecule of water of crystallization, which it loses at 
too* C. The yield is very good, So per cent, or more 
of the theoretical. (7) It now only remains to mix this iso- 
dialuric acid with one equivalent of urea and six equivalents 
of sulphuric acid, the latter to take up three molecules of 
water which are eliminated in the reaction l>etween the two 
former substances. The reaction is complete in the cold in twenty - 
four hours, or in five minutes if the mixture is gently warmed 
upon a water-bath. On cooling and adding water, uric acid is 
precipitated in small crystals, which, on purification, exactly 
resemble those of natural uric acid. The equation is very 
readily understood, there being a simple combination of iso- 
dialuric acid and urea with formation of uric acid and elimination 
of three molecules of water — 


NH- 

-CHOIt 


1 

CO 

1 /OH 

C( -f- 

/NHa 

1 

1 ^OU 

^NH., 

NH- 

-CO 


Iftodialuric Acid, 

l*r<ira. 


NII-C-NUv 
I 11 /CO 

CO C— NH^ + 3HjO. 

I I 

NII-CO 

(Trio acid. 


Hence the formula of Medteus and Fischer for uric acid may 
now be consklered as finally proved, 


The additions to the Zoological Society’s Gardens during the 
past week include a Purple* faced Monkey {Semmpiihccm isu€o^ 
prymnus\ from Ceylon, presented by Mr. J. H. Taylor ; a Vervet 
Monkey {CcrcofUhecm lalaudU ) from South Africa, pre- 
sented by Dr. W. K. Sibley ; an Otter {Lutm vtU^aris) from 
Coin wall, presented by Mr, Basset ; a Long-cared Owl (* 4 sio 
British, presented by the Hon. Eric Thesiger ; a Herring 
Cull {Laras British, presented by Mrs, Gaiosford ; 

a YelloW' billed Amazon pa si s) (rom Panama, 

presented by Lord William Cecil ; two Common Kestrels 
{ Tinnunculus ahiudarius)^ captured at sea, presented by 
Captain Janes ; two Common Rheas amtrkana^ juv.) 

from Uruguay, presented by Mr. J. D. Kennedy ; a Black 
Bwan {Cy^tis airatus S) from Australia, presented by Mrs. 
Siemens ; a Long*eared Owl {Jsia oius), British, presented by 
the Rev, F. Hopkins ; two Natterjack Toads {Bu/o ca/ami(a)t 
British, presented by Master H. Mill ward ; two Natterjack Toads 
British, presented by Master A. Smith ; a 
Bonte^bok {Akthphus 3 ) from South Africa, de- 

posited ; a Squaceo Heron \Atdta raUHdts) from South Europe, 
three Japanese Teal {Quer^ntduta fmtma i V ? ), from North- 
Asia* an Amherst Fheaaant {TAo/umaUa amAtrstits d }• from 
Saechuen, China, purchwed j two Moor Harriers {Circus 
maurusyfrtm South Africa, received in exchange. 


OUR ASTEONOMICAL COLUMN, 

TWR RietDtfAtii Mtnotntv,— In aeecentdweusaion of the 
perMiatinos of {AsframmmU No. 191, Aprtl 

IS* »W9)j Mr. O. T. Sheiman has arrived at some impor^t 
and h^y sufl^estive reiuhs relating to the ttaiduals. His 
teeUwa Cof deteftnining these appeared in No. *173 of the 


AsironcmUal Ji^urnal, and this process has been employed in 
obtaining the data given in the article referred to. The values 
arrived at shew a remarkable relation to the heliocentric latitude 
of the planet, the maximum effect being nearer the solar equator, 
and the effect decreasing as the latitude increases. Since the lower 
iatiludes correspond to maximum and the higher ones to mini- 
mum solar activity, tlie apparent connection of the disturbances, 
of the planet with imlar pnenomena should also bear some rela- 
tion to the sun-spot period, and Mr. Sherman gives hgures to 
show that thus is the case. The chief disturbances occur in the 
years when the sun-spots are increasing in frequency, and it is 
pointed out that this result is in strict accordance with the- 
retardations of Encke's Cojnet during perihelion passage. 

It is further stated that “ the forces deflecting the planet are 
sunward when the planet is in that part of space towards which 
the sun is travelling, and away from the sun when the planet 
follows in his path,’ This, taken in conjunction with the dis- 
turbances of Encke’s Comet, seems to Mr, Sherman “ to indicate 
a considerable amount of matter coming to the sun from space. 
If so, its place of meeting with the matter coming from the sui> 
should abound in collisions, and display local spectra showing 
bright lines. Our knowledge of the zodiacal light is fully in 
accord with such a supposition.” 

If the more detailed investigations of the residuals, which it 
is intended to make when more observations have been collected,, 
confirm the results already obtained, we may look for a consider- 
able advance of our knowledge, especially of the nature of the 
solar surroundings. Already the residuals clearly admit of ex- 
planation by supposing that the sun, with its meteoritic 
surroundings, in the form of the corona and the zodiacal light, k 
moving with considerable velocity through a meteoritic plenum. 
In that case the planet would encounter most meteorites when 
on the advancing side of the sun, and it would obviously be move 
retarded there than elsewhere. 

The apparent relaiion to the sun-spot i>eriod is of great interest 
in connection with the meteoritic theory of the formation of sun- 
spots. According to this theory, there should be most meteorites, 
in the solar surroundings at maximum spot period, and greater 
disturbances of the planet at that period would therefore be ex- 
pected. The collisions between the two sets of meteorites would 
further produce the spectroscopic phenomena assacialed with the 
zodiacal light— namely, the appearance of a line near wave-length 
558, which has been ascribed to manganese. It seems probable 
that the variability of this spectrum which has been suspected by 
Mr. .Sherman (letter to Mr, Lockyer, quote<l in Roy. Soc. Proc.» 
vol. xlv. p. 248) may also s«l)sequently be shown to be conoected 
with the sun-spot period. 


Right Ascensions op North C me um polar Stars. — 
Prof. T. H, Snfford, Field Memorial Professor of Astronomy at 
Williams College, Mass., has just published a very useful piece 
of woik in the shape of a Catalogue of North Polar Stars. 
This Catalogue, which is a first instalment of a more extensive 
one, the observations for whicli are now in iirogress, has been 
constructed by Prof, Saflford in order to strengthen what he felt 
to be the weak point of all the standard Catalogues, viz, the 
right ascensions of Polar stars. It was also a consideration with 
him that it would be easier to lake account of instrumental cor- 
rections if a more extended list of Polars were generally used 
than has been the custom. These stars are also of importance 
in the study of proper motions, since iheir early observations 
are accurate. 

The observations for this Catalogue were matle at the Field 
Memorial Observatory, and not at ihe Hopkins Obsen^atory of 
Williams College, and the meridian circle with which they were 
made was a fine one of 4i inches (B'rcnch) aperture, by RepsoUI. 
The observations were made at first by eye and ear, but a fillet 
chronograph was used in 1887 and 1888. Prof. Safford’s inten- 
tion tliroughont woB to make his Catalogue a differential one ; 
tfaeatara ne has relied upon for his instrumental corrections, 
being those of Publication 14 of the Astronomisohe Gesellschaft^ 
whl£ lie within 10'’ of the Pole. Besidrs the catalogue itself, 
whinh contains s6! stars, of which just aoo are within 10* of the* 
Pole, a very Important part of the work is the discussion of the 
idght aaeenmons, with a view to clearing np certain poiiUs^ as to 
mode of observation, as well as to find the weights and ayf^tem- 
«tic conections necessary for combining this series with others. 
The result of this discussion is to show that it tends to greater 
acouTOcy to base a catalogue of Polar R.A.’s on standard places 
in all hours of right ascension rather than on double transits 
alone ; that the eye-and-ear method should be used as the stan- 
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4 ttrd only near the Pole ; and that a thorough comparison oT it 
with the chronographic method through a wide range of 
magnitude and declination is desirable ; that modem meridian 
instruments are subject to irregular small changes of position 
which are not direct functions oT temperature ; and that» there- 
fore, it is well not to trust the instrumental zero points for more 
than two hours without re-determining the most essential. 

Prof. Safibrd is at work on a paper, now well advanced, on 
the proper motions of the stars within 10® of the Pole, and he 
hopes shortly to complete the comparison of the chronographic 
and eye-ana-ear methods which the present discussion had 
ahown him to be needed. 

Two REMARKAwrE Solar EaumoNS.— Father Jules F^nyi, 
of the Kalocsa Observatory, records, in a note to the Paris 
Academy of Sciences, his observation of two remarkable solar 
eruptions which he observed on September 5 and September 6, 
1888. Both eruptions would have been remarkable had they 
occurred at a time of maximum activity ; but, coming as they 
did nearly at dead minimum, they stand out as most unusual. 
The hrst prominence was seen to rise from a height of 25", as 
seen at 6h. 6m. (Kalocsa M.T.), to 151" *4 at6h. 19m., its speed 
of movement attaining atone time 171 kilometres per second. 
A number of brilliant metallic lines were seen, some so bright 
that, with a wide slit, they showed as a small prominence, 
reaching 19'' in height on 1474 K and 15" on the D lines. The 
second eruption was seen eighteen hours later, on September 6, 
at zih« 45m., and was even more violent. In 6^ minutes it 
mounted from 37" to 158", with a speed at one time of 296*8 
kilometres per second. It was of dazzling brilliance whilst it 
lasted, but passed away in about 14 minutes. The two eruptions 
were nearly but not quite in the same heliographic latitude. 
The first wa.s on the east limb in S. lat. 18^; the other wa.s 
distant some 4^“, and, as the base of each was about 3® in 
length, they could not have overlapped, and if connected in 
origin, must have sprung from ii deep-seated .source. 

Comet 1889 ^ (Barnaro, March 31).— This object is now 
too near the sun for observation, but accepting the elements of its 
orbit as hitherto determined, it will not travel far from its pre« 
aent position for some time to come. Or. Krueger gives its 
position for Berlin midnight {Astr, Nack. , No, 2893) for the end 
■of May and beginning of J uly as under, but with reserve from 
the uncertainty of the elements : — 

1869W R.A Deol. Log A. Bright- 

h, m, », , , ness. 

May^28 ... $ 6 52 ... 14 13*1 N. ... 05099 ... 071 
July 3 5 9 8 ... 12 19 oN. ... 04944 ... 076 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 MA y 19-25. 

the reckoning of time the civil day, commencing at 
^ ^ Greenwich mean midnight, counting the hours on to 24, 
i 9 here employed. ) 

Ai Grttnwich on May 19 

Snn rises, 4h. 4m. ; souths, iih, 56m, 15 8s. ; daily increase 
of southing, 2 '8s. ; seu, 19b. 4Sm. ; right asc. on meridian, 
3h. 45*6m. ; deck 19* 52' N. Sidereal Time at Sunset, 
tib. 39m. 

Moon (at I^st Quarter on May 21, 22h.) rises, 23h. 50m.* \ 
souths. 3h, 50m. ; sets, yh. 53m. : right asc. on meridian, 
I9h. 37'9m, j deck 22* 25' S. 

Right aw, and daoUnaUoB 

nuat. RImi. Souths. Sets. on nwn^ao. 

h. m. h. n. h. ift. h. m. » , 

Mercury.. 4 57 - 13 ^9 • 22 » .• 5 * 8‘2 -• 25 27 N. 

Venus ... 3 o - ** - ^7 24 ... 2 I's ... 13 8 N. 

Mars ... 4 25 .. 12 30 ... ao 35 ... a 19*2 ... 2t 53 N. 

Jupiter ... 23 48*... 3 44 ... 6 40 ... 18 32*1 ... 23 oS. 

Saturn ... 9 4 * ». 17 *9 o 56*... 9 9*3 - *7 35 W. 

Oianus... IS 48 ... 21 18 ... 2 48*... 13 9*0 ... 6 38 S. 

Neptune.. 4 24 .. 12 ii ... 19 5 ® - 4 o*4 ••• 18 59 

* todicates tIbAt tha nstug U Chat of the praeadiBg waning and the setting 
that of the allowing morniog. 

May. h. I 

ao ...• 12 ... Venus stationary. 

23 ... 3 ... Neptune in conjunction with the Sun. 

24 ... 19 ... Mercury at greatest elongation from the Sun, 

23“ east. 


Star. 

V Cephei ... 

V&riabU Stan. 

R.A. Dad. 

b. m. • . 

.. 0 sa*s ... 8t 17 N. 

... May 31, 

h. m 

0 50 « 

K Persei 

. 3 23*0 ■ 

3S IS N. 

• » ,j 

>9i 


M 

U Monocerotis 

. 7 25 5 

9 33 !»• 

>’ tt 

21, 


M 

S LeonU 

. II 5 ' • 

. 6 4N. 

• ■ »» 

22, 


M 

S Bootis 

. 14 19*2 . 

■ 54 19 N- 

II 

21, 


M 

R Bootis 

14 32*3 • 

27 13 N- 

• • II 

23. 


Vl 

8Ubr« 

14 55*« 

.85s. 

.. It 

30 , 

22 59 M 

17 Coronas ... 

• *5 *37 • 

.32 3 N. 

• ■ II 

I9» 

z 

35 *• 

i RDraconis... 

16 32 4 . 

. 66 59 N. 

• • II 

24i 



i 17 Ophiuchi... 

. 17 10*9 . 

. Z 30 N. 

•• II 

32| 

0 55 

i T HercuH-s . . . 

. 18 4*9 .. 

.31 0 N. 

II 

• ■ 1* 

22, 

24, 

21 

3 m 
M 

R Lyras 

. tS 53 0 . 

43 48 N. 

• • II 

2l| 


m 

U Aquilas ... 

. 19 23*4 .. 

. 7 16 S. 

* ■ II 

2Si 

2 

0 M 

n Aquilse 

. 19 46*8 

. 0 43 N. 

• • 1 1 

21, 

0 

0 m 

■T Vulpeculaf 

T Cepnei ... 

. 20 46*8 .. 

. 27 50 N. 

• • II 

21. 

22 

0 Af 

. 21 8*1 

.68 2 N. 

• * It 

19i 


Af 

8 Cephei 

. 32 25*1 

,. 57 SI N. 

•• ) I 

35i 

0 

oAf 


M signifies maximure ; m nunimum. 


GEOGRAPHICAL NOTES. 

In the new number of PeUrminn' \ Dr. Kink 

describes the recent Danish researches in Greenland, especially 
those carried out in East Greenland under the leadership of 
Captain Holm. The aim of the expedition was mainly anti- 
quarian and ethnological ; at the same lime the report of its 
I work contains valuable ob>ervai,ions on the geology, geography, 
and especially the glacial conditions of the region visited. In 
! the first volume of the Kcpoii, the chapter, by Prof. Stecn- 
i sirup, Is devoted to n discussion of the situation of Osterbygd. 

I The second chapter contains the leport of Captain Holm and 
I Lieutenant Garde on the results of the expedition of 1883-85. 

! I'he principal results may he thus summari/ed GraaVs ma]> 
of the east coast of (ireenland has been corrected and com- 
pleted ; a map has been prepared of a part not previously sur- 
veyed, and now named Christian IX. Land ; and, after sketches 
and information from the natives, the outline of the coast has 
been continued from 66' to 68 N, Ia\ It was found that 
the country called after Christian IX. was inhabited by a branch 
of the Eskimo which, before the arrival of the expeuilion, had 
not been in contact with. Europeans, Detailed observations Imve 
been made on their mode of life, their customs, language, 
legends, 4 l:c., an<l a large collection made of articles of ethno- 
logical imeresl. During the v.arious journeys of the expedition, 
and especially in their winter quarters, systematic researches 
were made in the physical geogr.iphyof the country. Geological 
and botanical observations were made and specimens collected 
along the east coast. It was found that the east coast of Green- 
land is not so inaccessible as has hitherto been supposed. The 
j expedition explored the cast coast as far to the north as it was 
' at all likely Osterbygd could have been located, without dis- 
I covering the least trace of buildings which were not of 
Eskimo origin, and without finding anything iu the physiognomy, 
the customs, mode of life, or legends of the natives that opuld 
riirnish the slightest ground for inferriag former relations witn 
Europeans, Prom this it is concluded that Osterbygd could not 
have been aituaied on the east coa^t of Greenland. The third 
chapter deals with the geography of Danish Eawt Greenland, 
j ue. a« far as 66® N. This part of the east coast ii* divided into 
five natural zones— (i) the most southerly part as faras Anarket ; 
(2) from Anarket to Ikermiut ; (3) from Ikermint to ImBol- 
narsuk ; (4) from Igdlolnarsuk to Inigsalik ; (5) the section 
which extends to the cast of the last-named place. Zones t, 3, 
and 5 have strong resemblanoen with each other, as also sours 2 
and 4 * The three first-mentioned zones air cut hy deep ijords,. 
crowned with lofty serrated moan tains, never covertM by the 
Continental ice. ^ Some places are characterised by a vegetation 
comparatively rich. Beneath the moantsins there ‘ we, in 
general, numerous glaciers, which often descend to the fiords, 
and towards the interior is found a moumaitious region filled with 
large local glaciers. Zones 2 and 4 have a different aspect Tiie 
wuntry is very banen, and the continental fee deK:ends Mino)*t 
directly to the seo, or to the edge of the fjords, only a 
tams or rounded grou|>s of mountains enmiging fiom ■ fh4 ioei 
Another cbaractecutfe of the east coast is the poiMfeMsm M 
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most of thei}ord«iQ an £. i S. direction* as compared with the 
south-west direction of the fjords on the west coast. 

The new number of the also contains a map of 

the flora of Schleswig-Holstein, with accompanying text by Dr. 
Ernest Krause* and an account of a journey to the sources of 
the Tigris by Prof. Wimsch. 

The read at Monday’s meeting of the Royal Cico- 

graphical Society was by Mr, j. R, Werner, on his journeys up 
the Ngala and Aruwimi tributaries of the Congo. The Ngala I 
enters the Congo a little south of N. lat., coming a ; 
generally north-east direction. A little above its junction with ; 
tbe Congo is a channel through which the waters of the latter , 
flow into the Ngala. For a considerable distance the banks of > 
the river are low, swampy, and forest- clod. Gradually hills ap- 
pear, and Utterly bluffs* between which the channel narrows ! 
considerably. In May of last year* Mr. Werner accompanied 
the steamer to the Aruwimi, which was taking the men to j 
Major Barttelot’s camp at Vambuya. He was surprised at the ' 
number of sand-banks on the lower river, and the difficulties of 
navigation. After passing the town of Mokulu, the whole 
character of the country seemed to change, the islands stood 
higher out of the water and were covered with forest* which was 
crowded with palms, the crowns of which looked very pretty 
above the trees. 'I'he high banks on either side were lined with 
villages, or rather the sites of former villages, for the Arabs had 
been raiding here, and the natives were now living under roughly 
put-up sheds of leaves and sticks ; tlie conical huts described by 
Stanley had almost entirely dhappeared, and during the time 
Mr. Werner was on this river he only saw .'■ix, four of which were 
inside Major Barttelot’s camp at Yambuyn, and the other two 
in the village of Irungu. On the high bluff on which Stanley 
had found the large town of Yambumba, there was not a single 
hut on the vast clearing where the town had lieen, while on the , 
opposite hank of the river such of the natives as had not been 
killed or carried into slavery were living under sheds and awn- ' 
ings of sticks and pnlm-leaves. On this side of the river the > 
bank was quite low, and offered a strange contrast to the pre- i 
cipitous bluff on which the town had formerly stood. Above ; 
Yatnbumba the Aruwimi runs between two ridges of low hills, j 
which are covered with magnificent timber. There are no more I 
villages on its banks until Yambuya is reached. 1 

After the reading of Mr. Werner’s paper at the Geographical | 
Society, there was a discussion on the letter from Mr. Stanley ; 
which was read at the previous meeting. Tn this discussion Sir I 
F. I>e Winton, Sir Samuel Baker, Colonel Grant, Kev. Horace j 
Waller, and others took part. Sir Samuel Baker’s statement j 
was of considerable geographical interest. Against Mr. Stanley’s j 
doubts, Sir Samuel maintained the accuracy of his original ob- 
servations as to the southward extension of Lake Albert Nyanra. 
He pointed out that Mr. Stanley himself refers to the very 
marked decrease in the me of the lake in the last few years, a 
decrease quite analogous to that u hich has taken place in Lakes 
Tanganyika and Nyassa. This decrease has no doubt tended to 
dimmish the southern extension of the lake, and bring to light 
the vast extent of Ambatch or Sud which Otm and others 
refer to. Sir Samuel maintains, moreover, that it will most 
probably be found that the two lakes (Albert Nyonza and Mum 
NsSgif) are really one, and are known among the natives by one 
name. The region which lies betw'een them on our maps has 
never been visited by any European explorer. Sir Samuel 
pointed out the vast importance to Egypt of a precise know- 
ledge of the laws which govern the increase or decrease of water 
in the Albert Nyaosa* which is really One of the great sources i 
of supply for the regions on the lower river. | 

Jti the May number of the Sctti/isA | 

win be found a very complete account of Samoa and its people 
by Dr, O. A. Turner* who has lived many years on the islands. 

TKBtown Kara^kol*on Lake Issyk-kiil, has received the official 
name of IVjevalsk ” in commemoration of the eaplorer of 
Cehtritl Asia. 

A osoQEAFRtCAl. expedition* under the two brothers Grum- 
Grriioaiioi; has Utely started ibr the explotaticm of the Eastern 
On April yp it had reached Tchatdjui* the 
its aim is to ooanect the eKf^rattons 
of 0$, Battoha in KtNlh-Weiteen M^ong^ia irith those of 


Prjevalsky, One of the two brothers is already well known for 
his explorations of the Pamir. 

The Russian Geographical Society is sending out the fol- 
lowing expeditions : — M, Vilkitzki, who has made pendulum- 
observations on Novaya Zemlya, will continue the same measure- 
ments in Central and South-Eastern Russia. M. Faussek is 
sent out to the shores of the White Sea in order to make xoo 
geographical explorations in the Kandalak Bay, as well as fur 
observations upon the secular rising of the coasts of the While 
Sea. M. Andrusoff, who^e interesting researches into the 
geological history of the Caspian Sea have attracted a good deal 
of attention, will continue the geological exploration of Daghestan 
and Kuban ; and M, KuznetsoflT will continue in the Caucasus 
hisdwork upon the geography of plants. M, Antonoff is sent out 
to the Transcaspian region for the study of the conditions of 
animal and vegetable life in the desert ; and MM. A. P. Semenoft 
and Yasebenko will visit the same region for zoological and 
botanical researches. Of ethnographical expeditions that of M. 
Katanoff to North-Western Mongolia is worth noting. The 
investigation of the folk-lore of the White Russians (Byelorusses) 
will be continued by MM. Romanofl' and Dobrovolsky. 

The expedition to Tibet, the departure of which was delayed 
by the death of Prjevalsky, is now at the town Prjevalsk 
(formerly Kara-kol), and it will start in a few days, viii the Bedel 
Pass, fo Kashgar. The original plan of reaching Lhassa has 
been abandoned, and the expedition will limit its explorations u> 
Eastern Turkestan and North-Western Tibet. It is under the 
leadership of Colonel Pyevtsoft*, who accompanied Prjevalsky in 
all hii memorable journeys. It includes aUo two other travelling 
companions of Prjevalsky — MM. Roborovsky and KozloiT — and 
a geologist, M. Bogdanovitch, who is commissioned by the 
Russian Geographical Society. 


T/f£ KOVAL SOCIETY CONVERSAZIONE, 

''PHE annual rotiversaitam\ held by the Royal Society on 
^ May 8, was in every way brillianily successful. There was 
a numerous attendance, and the programme bad been arranged 
with the greatest skill and care. We refer to some of the most 
novel and important objects exhibited. In addition to these, the 
results set forth in many recent papers to the Royal Society were 
illustrated by experiments. 

Mr. C. V. Boys, F.R.S., exhibited (l) Portable Ottvendish 
apparatus for demonstrating the attraction of gravitation. This 
apparatus differs only from the well-known apparatus of Caven- 
dish in matters of detail. First, instead of the beam 6 feet long, 
carrying heavy weights, used by Cavendish, or half a metre long, 
used by Cornu, the beam consists of a piece of lead only 1 centi- 
metre long, and ibis i» inclosed in a round tube of metal, outride 
which the attracting weights are placet!. This reduction of size 
has been rendered possible i)y the use of quarU threads, the 
production of which was shown two years ago. The advantage^ 
gained by the reduced dimensions are increased sensibililty, and 
almost perfect elimination of temi^miure disturbances. The 
particular apparatus exhibited is designed to show the effect, and 
that it is the same from time to time, rather than to determine 
the constant of gravitation absolutely. By arranging the two 
attracting weights and the two ends of the attracted body at 
different levels* the deflection is nearly doubled. *(3t) Ex^ri- 
ment showing the insulation of quartz. A pair of gold leaves 
are supported by a short rod of quartz which has been melted 
and drawn out about three-quarters of an inch. The atmosphere is 
kepi moist by a dish of water. Under these circumstances a glass 
instilating stem allows all the charge to escape in a second or 
two. With ithe quartz but little change is observed in four or 
five hours. The quartz may he dipi^ed in water and put back in 
its place with the water upon it. It insulates apparently as well 
as before. — (3) Apparatus for testing the elasticity of fibres. One 
of these pieces of apparatus consists of a microscope caihetometei' 
armpged vertically, and a gravity bob which is aeflecied by the 
vertical pall of the fibre on a side arm. The lower end of the 
fibre is made fist to a beam carried by the microscope. A scale, 
to which the upper end of the fibre is fixed, is viewed by the 
microscope, which thus shows the stretcli of the thread ; the 
pulling force is fenmd by subtracting the stretch from the vertical 
movement of the microscope and multiplying by a constant 
previously found. The second piece of apparatus is. used to 
roearitre the fatigue of fibres after torsion. 
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Results of cxi)eriments with working model of the tidal Seine, 
exhibited by Mr, L. F. Vernon Hnrcoxirt, These experiments 
were undertaken with the object of obtaining an indication of 
the effects which the various schemes proposed for the improve- 
ment of the estuary of the Seine, by the prolongation of the 
training walJs below Herville, would have upon the estuary 
If earned out. After ascertaining, by experiments, that the 
former and present conditions of the Seine estuary could be 
reproduced in miniatuv'c in the moilel, the various schemes 
proposed were successively introduced in the model, with the 
results shown upon the diagrams exhibited. The method of 
working this model has since been applied to the model of 
another estuary, which may be .teen in operation at 6 Queen 
Anne’s Gate, Westminster. 

Profs. A. W. Rucker, F.R.S., and T. E. Thorpe, F.R.S , 
exhibited maps to illustrate the direction and magnitude of the 
regional magnetic disturbing forces in the Rriti h isles. The 
British Isles can be divided into a comparatively small number 
of districts, in each of w hich the horizontal disturbing forces 
tend towards centres or loci of attraction, which are also regions 
of large vertical force. The shaded portions of the maps are 
districts of high vertical force, and it will he seen that I he 
arrows which represent the horizontal forces on the whole point 
towards them. In Scotland the forces indicated by the dotted 
arrows were deduced from data collected in 1857^58 by Mr, 
Welsh. The five principal lines towards which the magnetic 1 
disturbing forces in Great Britain converge aie in the immetiiate 
neighbourhood of (i) the Caledonian Canal ; (2) the basalt of 
the Western Isles ; ( 5) the centre of the Scotch coal-field, in 
which basaltic crystalline rocks occur ; (4) the line in South- 
East Yorkshire, in which the Jurassic and Liassic strata thin 
out, and passing thence to the Lakes ; (5) the Paheozoic ridge 
between London and the South Wales coal-field. There ate 
well-marked centres of attraction, (i) between Reading and 
Windsor, (2) near the Wash, which have been specially studied. 
'I'he disturbance which culminates in the first extends from 
Kenilworth to the Channel, and from Salisbury to the North 
Sea. The well-known anomaly in the difference of the declina- 
tions at Greenwich and Kew is thus accounted for. The maps 
abo afford indications of other subsidiary centres. 

Captain H. Capel L. Holden, R. showed : — (1) Chrono- 
graph for in ensuring the velocity of projectiles and small periods 
of time, 'fhis chronograph, of which the latest form with 
Captain Holden’s most recent improvements is exhibited, is of 
the gravity type, originally invented by M. Le Boulenge ; since 
its first introduction it has been improved by Captain Bieger, 
of the French Marine Artillery. Broadly speaking, it consists 
of a heavy pillar, to which are affixed two electro-magnets (the 
circuits of which are anrai^ed to be interrupted by the action of 
the body whose velocity it is required to measure) which can 
support two rcKh, the snorter one of which, in falling, strike.? a 
tri^er table and releases a knife, which marks the other as it 
falls. The time elapsing from the commencement of the fall of 
the short rod until tne knife strikes the other rod is obtained 
mechanically by means'of the instrument called the disjunctor, 
which breaks both of the separate circuits simultaneously ; a 
tommutator in connection with this disjunctor enables errors 1 
due to the circuits not being broken simultaneously to be de- | 
tected and corrected for. When an interval of time occurs 
between the two circuits being broken, the mark made on the 
rod by the feinfe will be more or less vi>ort that made when the 
disjunctor is usad, and the apace between the two marks gives 
the means of ascertaining the time, Hince the rod falls under the 
infiuence of gravity. In ordinary use, the screens, nw here the 
intenuption of the circuit takes place, are made of a continuous 
wire inoircttiUcofchwhh its electro- magnet and bait0ry,and these 
screens are broken by the passage of the projectile tinough tbeni. 
The diigunctor veatling is arranged >o as to ^ adjustable by 
altering the height of me magnet, so that, tl\e screens being a 
fixed distance apart, a scale can he engraved on the micrometer 
bar of veVociUes in per second, thus soring time and avoid- 
ing frequent calcuhrtion.-Hz) Holden hydrometer. This is 
itif ended more eapecially^ for ure in conaectioniwlth iieeotidary 
batteries, ibr obsendng the dei^y of the aold during ckaige 
and discharge. It oonaiats of two parts— ^he bydrpmeteivfUmt 
and the scale. In me, the acale is clipped to the battery plates 
or tojtke .skle of the cotitaimitg vessel, the point be^ purirnd 
down until it just touches the liquid, and the reading is then 
taken from the top of the hydrometer stem on the ebonite scale. 
The range of density and the sire of the divisions can be varied 


according to the requiremenls. The advantages claimed for this 
form over the oiriinary type of hydrometer are : greater sen- 
sitiveness, more open scal(^, and increased legibility owing to the 
reading being above the level of the liquid and side of the cell, 
freedom from adherence to the plates or side of the vessel, and 
the ready correction for temperature by means of a sliding scale. 

A model illustrating the formation of ocean ctirrents, exhibited 
by Mr, A. W. Cl ay den. This is practically a map of the 
Atlantic in which the land surfaces are raised about half an inch 
above the portions occupied by the sea. The continents and 
larger islands are made of wood cut into the required shape, 
whife the smaller islands are represented by pins or small pieces 
of sheet metal dt iven into the board which forms ihe basis of the 
whole. This raised map forms the bottom of a shallow tray 
which can he filled with water up to the level of the laud sur- 
facex, thereby obtaining a map (on Mercator Vs projection) in 
which the seas are represented ny the surface of water. Under- 
neath the tray a wind chest is fixed, .and a number of tubes arc 
brought up from it through the continents, and bent over so that 
the jets of air delivered from them may impinge upon the water. 
These jets are so arrarged .is to approximately reproduce on a 
small scale the actual circulation ol the atmosphere as laid down 
on a chart of the prevalent winds for the year. Care is taken to 
have as few tubes as possible, and they are so ])1ace<l as to hide 
the least possible amount of ihe sea. The strong and persistent 
trades arc simulated by bringing the openings of the tubes neai 
to the surface of the water, while the fitful and uncertain winds 
of northern latitudes are imitated by allowing the jet to be con- 
siderably cl is ^ er seel before coming into contact with the water. 
A foot-blower is attached to supply the wind, and any movement 
of the water is rendered visible by scattering over it some 
I^ycopodium powder. A few moments after the blast is turned 
on, tne whole surface of the model ^ea is in motion. All the 
principal currents of the North Atlantic are shown, including the 
return current between the great equaiorhal curreni«, and the 
northward stream along the we.^t coaist of Greenland. If a 
narrow opening is made in iho Isthmus of Panama all that 
happens is that some of the return stream round the Mosquito 
Bay ami Gulf of Parien flows into the Pacific, leaving the North 
Atlantic practically unaffected. Bui if a large part of Central 
America is removed, almost the whole of the tropical water passes 
through the opening, and the currents from Bamn’s Bay and the 
Arctic Ocean are drawn down to the Azores and the Canary 
Isles. There is an absence of evident connection between the 
slack water close to the New EngUnd coasts and the Labrador 
current, but the apparatus does not aiteu.pt to imitate differences 
of temperature or differences of rotational velocity, hence any 
effect due to either of those causes must necessarily be absent. 
All that is attempted is to demonstrate the connection between 
the prevalent winds and general oceanic circulation, by showing 
that nearly all the movements of the water arc determined by the 
direction of the winds and the contours of the coasts. 

Mr. James Pitkin exhibited; — (i) Pitkin and Niblctt's fire- 
damp meter. By means of these instruments it is possible to 
detect and estimate the pevcentajge of oxygen or hydre^en in 
mixtures of these gases. In its simplest form it consists of two 
ordinary cylindrical bulbed mercurial thermometers. These are 
mounted on a suitable base, and nro then graduated off in the ordi- 
nary way to Fahrenheit or Centigrade scale. One tube registers 
the temperature of the mixed gases. The other, which is the ^ 
indicator, has its bulb coated with one of those metals whwh 
I when in a very finely divided state have the peculiar property of 
occluding and fiacilitating the chemical combination of certain 
gase«- When placed in a gaseous mixture and during the 
combination of ihe gases due to the above property of the mefal, a 
considerable amount of heat {h developed. The heat generated 
thus produces a corresponding rise in the mercurial column. To 
read the instiuraent the difference between the two scale readings 
is taken, and then, by comparison with a table soppUed wJthcftCh 
instrument, the percenlnge of gas way be read off. In the ewe 
of fire-damp and air or coal-gas and air, the amount of heat 
developed appears to conreapohd approximately to the ekplorive 
activity of the mixed gases. A sliding scale may he fixed on the 
instrument, which can be graduated in terms of pcrcentagee of 
any particular gas.— (2) Pocket eleclric lama This lamp is 
ccMifitnicted for aatrf^zmjmfoal and other scieaUnc purporea 
a steady and avsafo Ijght is occasionally required, its total 
weight >s 1 lb. 13 os.,; and it gives alight of i candletpowee^ fot 
a period of tU hottra. Its charging caitenl is i ampere at a 
potential of $ volts for four hours. 



May i6, 1889] NATURE 67 


A scries of ancient wrentha nnd plant remains from the 
cemetery of Hawara, Egypt, exhibited by Mr. Percy E. 
Newberry, by permission of the ])irectoT of the Koyal 
Gardens, Kew* These wreaths and plant remains were dis* 
covered last year by Mr, Flinders Petrie, in coffins of the 
Ftolemaic period, and date from about the first century before 
Christ, They are fully described by Mr. Percy E. Newberry, in 
Mr. W. M. Flinders Petrie's ‘‘Hawara, liiahmu, and Arsinoc,'' 
and were presented to Kew some: few months since. 

Gramme ring, rotating under the influence of the magnetism 
of the earth* exhibited by Mr. J. Wilsm Swan. It is a motor 
of the type of the ordinary dynamo-eicctric machine, but without 
field magnets other than the north and south magnetic poles of 
the earth. The current passing in the ring is about half an 
ampere. 

Preparations of the new element gnomiutn, recently discovered 
by Cierhard Kruss and F. W. .Schmidt, of Munich, exhibited 
by Dr. Hugo Muller, F.K.S. finomium oxide; gnomium 
chloride (in aqueous solution) ; nickel from w'hlch the gnomium, 
which up to the piH*sent always accompanied it, has 1>cen sepa* 
mted ; nickel oxide free from gnomium. Gnomium is a metallic 
clement which, according to the discovery of Krtiss and Schmidt, 
is always associated with coball and nickel, and consequently 
neither of these metals have up to the present been known in 
the pure state. 

Iliustralions of the new and the old astronomy, exhibited by 
Mr. I>aac Roberts. Among these was the photograph of the 
nebula 51 M. Canum Venaticovum ; the original negative being 
shown under the niicro*.cope. 

Mr. H. J. Ciianey .‘.liowrd a hollow cylinder and sphere, used 
in the va-detennination of the weight of a cubic inch of distilled 
water, 1889. / - 62 , B — 30 inches. One cul>ic inch 

252*286 grains. 

Voltaic balance, exhibited by Dr. G. Gore, T'. R. S. Used for 
measuring voltaic energy in chemical analysin ; strength of 
aqueous solutions ; effect of light and he.al on atpieous solutions ; 
detecting chemical change'' in liquids and measuring tlieir rates : 
delecting chemical comj>ounds and their combining proportions ; 
measuiing los^jcs of vol'.aic energy during chemical comnination ; 
measuring chemical energy. By means of it the influence of 
I part by weight of chlorine in 500,000 million parts by w'eighl 
of water has been detected. 

Films of metals and metallic oxides 'deposited by electric 
sparks, exhibited by Prof. W. N. Hartley, F*. R.S, 

Hair from the VenUei Mammoth, obtained by F. Schmidr, of 
the Academy of Sciences, St. Petersburg, exhibited by Prof. 
G. H. Seeley, F.R.S. 

Drawings illustrating the feeding of Scrobiculariic, exhibited 
bv Dr. H. C. Soiby, F.R.S. The feeding of Scrobicularirc, as 
also of Tcllinse, is by actively taking in mud by the indraught 
sylphon and afterwards discharging it by the same, unlike Uie 
quiet habit of most other Conchifera. 

Mr. J. Young showed— (i) a cluster of nests of a species of 
Swift (CoUocalia) taken in one of the Society Islancis ; (2) a 
specimen of Pluviamhus Si>ciahili 5 ^ a plover obtained in South 
America, of which only two specimens (obtained fifty years ago) 
were previously known in Europe ; (3) the tail of a Japanese 
barndoor cock, 11 feet long^ 

Mr, W. H. Preecc, F.R.S., exhibited— (i) calcedonified 
tree-trunk, from Arizona, U.S.A. ; (2) transverse* tangential, 
and radial microscopical sections of the woof], to illustrate the 
original vegetable structures and the mineralogicol changes w'hich 
have taken place during and subsequently to the silicificalion of 
the woody tissues, 

Egyptian blue (*' Vestcricn artificially prei>ared by Prof. F. 
Fouque, of the College de France, Paris, exhibited by Prof. 
J. w. Judd, F,R.S. This substance i% shown to have the for- 
mula; CaO, CuO, 4SiO. It has been obtained, n«t only in a 
form, but in crystals, which are remarkable for thiir in- 
tense pleochroUm (dark blue to rose pihk), ks' was shown in 
specimen under mlcroBCope< For companson specimens of ancient 
objects (Scarab^ and ornaments used in moaolc work) were ex- 
hibited by Mt, Ri H. Soden Smith, to itlustrate the method in 
whteh this blue enamel was emptoyed by the Egmiaos. Other 
spmdmhns of antiqae ornaments d^ted with the E^ptlan blue, 
Mt* jdhn Evens, T^surer of thb ko|U Society. 

' A'teyo^vmg>tftffe for the microscope, exhibited by Prof. R. J, 

F,R.S., exhibited various fxirasltie 
specimens of diseased timber showing characteristic 


symptoms of injury caused by them. The chief of these 
aiT (i) piece of larch stem, affected with the “ larch 
disease,'’ and exhibiting the cups of Pcciza (M&fiwht) will' 
A'ommii on the cancerous cortex ; (2) specimen of fructification 
of Palyp^rm sttlphurenst ; (3) piece of larch timber attacked by 
Polyfoms sulphuretis^ showing the characterisuc symptoms of 
the injury; (4) piece of oak timber, exhibiting the characteristic 
symptoms of disease due to the ravages of Steratm hirsutum ; 
(5) piece of oak attacked by Tkekplwra pirdtx, showing the very 
different mode of injury due to this fungus ; (6) piece of spruce fir, 
attacked by the mycelium of Ttamclt's radicip rda^ and cxhibil- 
ing the very characteristic dark spots which serve to diagnose the 
disease ; (7) piece of pine injured by A^y^cus vttllfus^ and show- 
ing the very different symptoms which betray the presence of this 
fungus ; (8) piece of deal with grey mycelium of Merulws 
lacrymans^ causing the common “dry rot” of timber; and a 
similar piece of timber attacked by the white mycelium of 
Polyporus vapQvarius^ another and quite different fungus, which 

J )roduce8 a form of “dry-rot”; (9) portion of pine stem in- 
ected with Pti‘idff‘mmm pini^ the j^cidium form of CUeo^poriuyn 
senecionis^ — the other form of this parasite is found on various 
species of groundsel (it does mu^h damage to the pines in some 
fo'csts, producing so-called “cankers” as disastrous a'i tho.se of 
the “larch disease”) ; (to) specimen of wheat infested by 
Usiilago carho ( U, sei^tum)^ showing the destruction of the ears 
by the fungus, the black spores of which completely occupy the 
interior of the grain ; ( 1 1 ) .specimen of grass attacked by 
Jipkhlo^ typhifta^ a destructive ascomycetous fungus which in- 
fests the flowering shoots of pasture grasses ; (12) culture speci- 
mens of ScUro’ia developed from specie^ of Botrytis^ which 
destroy certain garden plants. Micro ncopic preparations of these 
are also exhibited. 

Models illustrating a cause of contortions of strata, exhibited 
by Dr. Charles Ricketts. To induce these flexures, dry and 
powdered clay of different colours is spread in consecutive layers 
in a trough, when by the access of water, the clay becomes 
plastic, sand is poured on some special part, its weight in the 
experiment being supplemented by extra pressure ; this causes 
the heavier substance to subside into the plastic mass ; at the 
same time the clay -bods are squeezed outwards, the layers 
underneath being formed into films still continuous with those at 
the sides, which are rendered consiilerably thicker than in their 
original slate, and are curved into folds, representing on a small 
scale such as frequently occur in stratified rocks. The experi- 
ment so exactly coincides with natural phenomena that U is 
reasonable to expect it will afford a true explanation of a 
frequent cause of contortion, and also of cleavage of strata (see 
“(Jn some Physical Changes in the Earths Crust, Part 3,” 
Geo'of^cal Magazine^ April 18S9, p. 165). 

Amorphophallus campanululks^ exhibited by the Director ol 
the Royal Gardens, Kew. 

New optical apparatus for lecture demonstiation, invented and 
exhibited by Mr. kric Stuart Bruce Apparatus for project- 

ing Crookes's radiometer in action on the screen, so as to render 
its effects visible to Urge audiences.— (2) “ The electro-grapho- 
scope.’* A striking method of showing the illusions produced 
by perxlstence of vision to large audiences. In tfiis .api^aratus 
a narrow lathe of wood, about an inch wide^ is made to revolve 
rapidly by mMiis of an electric motor, the effect being an. almost 
invisible baae, but when the revolving lathe is placed in the 
path of the rays of light proceeding from nn oxyhydrogen 
lantern^ in Whicn there is a transparent picture or j-tbutograph, 
the image is apparently cast upon the air, in the case of a 
statue ^vin^ the effect of bold relief In reality minute portions 
only of the image axe cast upon the revolving plane, in such rapid 
>uccetrion that they are united into the perfect w*hole by the 
retentive aetkm^of tne retina of the human eye. 

Mr* Eadweaid Muybridge exhibited projections by the electric 
lantern of automatic electro-photographs, exposed at regulated 
intervak of timey illustrating the consecutive pliases of Mpedal 
locomotion, as ayncbronouiTy viewed from two or more points of 


SCIENTIFTC SERIALS. 

American Jmtrttal of Sciinc^^ May. — The el«Ltrical resistance 
of strewed g&et by C*^rl Bams. Following up Warburg's ex- 
liertments, wUldh have thrown so much new light on the thermal 
relations of the reustaiice of glass, the author here denis specially 
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with the effects of stress on elect roly;cing glass kept as nearly aa 
possible at tliflferent constant tem|>cratures between 100’’ nml 
360*. He finds generally that a folid electrolyte like glass U a 
better coodector of electncity when in a state of strain or torsion 
than when free from strain. The influence of temperature in 
changing the value of the electrolytic effect of strei^a is not 
marked t the same pull per unit section does not apparently in- 
crease the conductivity of glass more at 350“ than at ioo\ if indeed 
it increases it ns much,— ‘On the formation of siliceous sinter by 
the vegetation of thermal springs, by Walter Harvey Weed. 
These researches on the origin of the neposits of siliceous sinter 
found in the basins of the Yellowstone National Park make it 
evident that such deposits are largely formed hy the vegetation 
of the hot spring waters. Waters too poor in silica to form 
sinter deposits by any other cause may be accompanied by beds 
of siliceous sinter formed by plant life ; the extent and thickness 
of these deposits establish the importance of this form of life a-i 
a geological agent. — Marine shells and fragments of shells in the 
Till near Boston, by Warren Upham. These fossils, occurring 
in drift deposits near lk)Ston, are usually regarded as evidence of 
a marine submergence within the Pleistocene <ir (Quaternary 
period. But Mr. Upbam^s observations made last year show 
that they were transported from the bed of the .sea on the north 
by the ice-sheet in the same manner as the materials of the drift 
l)ave been carried southwards and often deposited at higher 
elevations than the localities from which they were brought. 
Hence these shells afford no proof of the former presence of the 
sea at the level where they arc now found.— A platiniferous 
nickel ore from Canada, by P. W. Clarke and Charles Catlett, 
'riic careful analysis here made of these ores from the mines at 
Sudbury, Ontario, places beyond all doubt the presence of 
platinum in appreciable quantities. It probably exists in the ore 
as spcrrylite, though this point has not yet been determined. — 
Stratigraphic position of the Olenellus fauna in North America 
and Europe, by Chas. D. Walcott. The general result of these 
researches is to remove the Oknellus fauna both in the Old and 
New World from the Middle Cambrian to the base of the whole 
Cambrian system. 'Phe paper, whtch U not concluded, gives 
full tables of this fauna, with its areas of geographical distribu- 
tion east and west of the North Atlantic. — Earthquakes in 
Californiai ly Edward S. Holden. The statistics of seismic 
disturbances in this region with incidental remarks are brought 
down to the end of the year |888. — Chemical action between 
solids, by William flallock. In his recent note on a new 
method of forming alloys, the author undertook to carry out 
some additional experiments, the results of which are here given. 
He infers gcneralJy that chemical action may take place wherever 
the products are liquid or gaseous, even though the reagents 
are solid, with peihaps the addeil condition that one or both 
reagents be soluble in the liquid produced. 

A*fvt 4 e troisieme scrie, tome iv., deux^ fasc. 

(Paris, 1889),— On the colour of the eye.s and hair of the Alnos, 
by M. Lekvre. These notes were drawn up at the suggestion 
of Dr. ColignoD, while the author was acting os Professor at the 
Military College of Japan. The principal point commended to 
his notice wa« to determine whether there was any foundation for 
the statement, made by various traveller*, that many of the 
Afnos present the anomalous condition, tliat while the hair of 
the head is red, the l>eard, and the hair with which various parts 
of their bodies are profusely covered, arc rleep black, the skin 
being sallow, and the eyes light. This coloration is completely 
at variance with all known physiological relations, ana it is 
obvious from the author’s observationii that the statement must 
have arisen from a misconception, due, perhaps, In part to the 
;)ractice pursued hy the Ainos bf colouring their bends a bright 
red, and tattooing the lip« in circular rings of black and blue. 
The interest of racial coloration is consmerable when judged 
from an ethnological point of view, and special imp^tance 
attaches to the subject in regard to the Amos, who, although 
undoubtedly a white race, have undergone various modifications 
in aottosdnpoo with the different parts of the empire in which 
they wore settled. Thus while in some districts the people have 
Iwen forced to adopt the dress aotl habits of the Japanese, in the 
neq^bourhood of Sapporo, the capital of the island of Vesso, 
tbey^ye hitheno been enahl^ to retain their old customs, and 
keim themselves far more fme than elsewhere from intermixture 
with (he Tenanese. It Is, therefore, the more worthy of notice 
tlm* In this dwtrict no Monde or Mue-cyed Alnos are to he met 
w#liV i(hi)c the people generally Hit aUplme^y hlack hair. It 
Wjndkh in fact, appear tnai the hair of the normal Ainos is of a 


jay-like blackness, coarse and stiff, but bright and lustrous, 
although in the case of a few of thofe who have Jong occupied 
the sen-coast, the hair is of a dark brown, preSentintt almost the 
same softness as iliat of Kuropcans. In no section ofthe 
is there the slightest evidence of any anomal^s colouring Of' the* 
hair, eyes, and complexion. M. Lofevre considers that the stature 
of the Ainos is soraewh.at higher than that of the normal Japanese, 
while their cranial index, which is found to range from the 
extremes of dolichocephalism to that of brachycephalism, 
would seem to give very strong weight to the assumption that 
those people are not a pure race, and that they differ in accord-' 
ance with the extent to which Mongolian or other ethnic elements 
have modified their primitive character. — On the writings and 
opinions of Samuel Zarza, by M. Salomon Keinach. ConAidtr- 
ahle interest was excited by a statement made in 1877 by Or . 
Topinard, in one of his lectures, afterwards published in the 
(/az</ie A/Aiifa/f, according to which a Jew, named Samuel 
/arza, was burnt alive in 1450, for having maintained the anti- 
quity of man. This statement excited much attention, and M. 
Cartailbac, who doubted its accuracy, appealed to his ay$/ri'rts 
for information in regard to the documents from which M. 
Topinard had quoted. This appeal remained unanswered until 
the question was lately taken up by M. Keinach, who associated 
with himself in the necessary investigations a learned Russian Jew, 
M. Salomon Fuchs. To the latter we are indebted for a com- 
mentary on the numerous works of Zarza, sumamed Ben S’oc, 
which, according to his own report, were undertaken in the hope 
of reviving among his co relij^tonisis in Spain their interest in 
philosophical and ilieological inquiries, which had nearly died 
out amid the miseries they had endured during the civil wars 
l>etween Peter the Cruel and his brother, Henry II M. Fuchs 
has failed to find in these works any opinion expressed concerning 
the antiquity of man, although the writer appears to ha\c adhered 
to the belief of the eternity of the world. It is, moreover, 
obvious from his reference to his nge when he completed his 
second work, entitled “ Mikhnlal-Vophi,’' ** Perfection of 
Beauty,” in 1369, that he could not have ^u^•vived until 1450* 
which is given by the commentators of the seventeenth century, 
from whom Dr. Topinard borrowed his references, as the dale 
of his presumed martyrdom. While M. Fuchs thus supplies 
another proof of the inaccuracy of many of the earlier comment- 
ators, he at the same time snows hy his summary of Zarza’s 
writings that Hebraists might throw interesting light on the early 
dawn of scientific inquiry hy a careful study of the numerous 
still unprinted remains of Zarzn, and of his Spanish co- religionists, 
who undoubtedly exercised an active influence on the progress 
of learning in the Middle Ages,— ^On the belief in familiar 
household spirits and other forms of superstition, by Dr. Berenjger- 
Feraud. The interest of this paper to the student of folk- 
lore depends upon the writer's detailed narratives of the local 
superstitions still prevailing, or only recently exploded, in the 
rural districts of France ; his elalmmte exposition of the 
superstitions of other countries has little value for the English 
reader. — On questions regarding the Aryans, by M. dc Eapouge. 
The author believes that, at the present stage of our knowledge, 
we are justified in assuming thst in the ancient Aryans wc have 
a blonde dolichocephalic race, whose cradle was in the north- 
west of Europe as it existed in the second half of the Quaternary 
age, — On the steatopygia of the Hottentots in the Garden of 
Acclimatization by M. Topinard. 


SOCIETIES AND ACADEMIES. 

Londov, 

Royal Society, March 7 -“"“ On the Wave-Length of the 
Principal Line in the Spectrum of the Aurora.” By W’iUiam 
Huggins, D.C.L., LL.D., F.R.S. 

I think it is very desirable that X should put on record some 
observations of the spectrum of the aurora which I made in the 
year '1874, but which, up to the present time, have remaitted 
unpublished. These observations were made with a powerful 
spectroscope, and under conditions which enabled me to deter- 
mine the wave-length of (he principal line within narrow IhnUa 
of error. The spectroscope was made by Sir Howard Grdbb^ 
OB the automatic principle of his father, Mr. Thomas Gntbb^ 
It is furnished with two Qrubb ” compound prisms ; each baa 
S square inch^ of hw, and gives nearly twice the digpm^ 
of a smgle pnsm of 66^— namely, about ^ d" from A to H. 
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The observations were made on February 4, 1H74. There 
was SL brilliant aurora, showing a whitish light ; a direct ’vision 
Kpeetroscope resolved this light into a brilliant line in the yellow 
and a faint continuous spectrum. 

The “ Grubb *' spectroscope was directed from the window of 
the Observatory upon the brightest part of the aurora. In the 
first instance, an estimation by eye was made of the position of 
the bright line by comparing U in the instrument with the spec- 
trum of A spiritdamp. The bright line was seen to fall on the 
more refrangible side of the line for which Watts gives the wave- 
length 5582 (/V//4 Ma^., vol xli,, 1871, p. 14), Angstrom and 
Thalen 5583 (“Spectres des Metalloides/’ AVr. Ac/. Soc. Sn\ 
C^saLt vol. ix,, iH??' P* by from one-fiftli to one-fourth 
of the distance of this line from the beginning of the bandi If 
we lake one-fourth, we have \ 5S69'6 ; one-fifth gives X 5572*3. 
The mean of these values gives for the 


mention.^ With a Hoffmann spectroscope, furnished wdth 
a scale, he obtained at Cup Thordsen in 1882 a mean result 
of X 5568 ± !*6; later, m 1S84, at Upsala, with a Wrede 
spectroscope furnbbed with a micrometer screw, a mean value 
for the aurora line, x 5569 ± 6*2.^ Gyllenskiold discusses in 
detail nearly all the recorded observations of the spectrum of 
the aurora from 1867 to 1882, and then brings them together in 
ft table, with such pr{>bable errors as the original statements of 
the observers enabled him to assign to them. 

( iyllenskibkl then calculates by the method of least squares 
the mean value of all the determinations, and finds the following 
result : — 

Mean value of the 23 observations, X 557o’o ± o*88 . . (7) 

The recent measures by C. C. Krafft/ depart largely from 
Oyllenskibld’s mean value, Krafft found on 


Aurora line X 5570*9 (1) 

The cross-wires of the spectroscope were then brought upon 
the line, and the reading 3476 showed the line to fall about 
midway between two strong lines in the spectrum of tin, X 5564 
and X 5587 respectively, according to my mewures (‘* Spectra of 
the Chemical Elements,” Phil. Trans,, 1864, p. 139). 1 'hc 
lx>8ition of the cross was then compared directly with those lines i 
in the spectrum of an induction spark taken between electrodes 
of tin. The further details of this comparison are not given in 
my note-book, but the result only, which placed the 

Aurora line at X 5571 • • (2) 

Consulting my map of the chemical elements, I found that 
there was a line of tellurium very near this place — namely, at 
^ 5575 J I therefore brought the spark from telluriuiii before the 
slit, when the cross appeared on the more refrangible side of the 
tellurium line. The measure of the distance of the cross from 
this line came out equal to X OCX13. The place given in my 
paper for this line of tellurium is 5575 - Thal^n gives for the 
same line 5J74*i (Brit. Assoc, Rep,, 1585, p. 292). If we lake 
the mean of these values and deduct 0003, we get for 

The line of the aurora X 5571*5 (3) 

There are strong lines of iron very near this position in the 
spectrum, and I made use of these also for a further detennina* 
t[on of tbe place of the aurora line. The cross, after having 
Inien placed upon the line of the aurora, was confronted with 
these lines in the spectrum of iron. 

The condensed account in my note-book does not give further 
particulars of this comparison, but states only that the place of 
the 

Aurora line came out x 5571 '5 (4) 

Summing up these determinations we have — 

H) Eye-estimation X 5570*9 

(2) From tin 557 * o 

(3) From tellurium 557^5 

(4) From iron 557 * '5 

From these values I think that we are justified in taking for 
the aurora line, as a position very near the truth, 

^ 5571 dfc 0*5 ( 5 ) 

Among the numerous determinations of other observers, those 
of Pmf. H. C, Vogel * in 1872 Math, IViy.\. Herichtcy 

vol. xxiL p. 28s) seem to me to have great weight. A direct- 
vUioD spectrcMO^ with a set of five prisms was used. The 
reduction of the readings of the micrometer into wave-lengths 
was based upon the repeated measures of too lines of the solar 
spectrum. 

The screw had been thoroughly examined. After each ob- 
servaUon of the aurora line, readings were taken of the lines of 
aqdtium or of hydrogen, 'fhe observations extended over four 

On three nights four separate readings were obtained \ 
on Ihe fourth night two only. Vogel giv<9S as the mean result 
of jthe fonrtean ofiservalions— 

Aurora line X 55 ?! *3 d: 0*92 . • , . . (6) 

The docent ohiarvations on the spectrum of the nurora by 
at Cap Thordaent in iSSi, dew4Ve special 


1882 November 2 x 5505 

„ II 55 ™ 

and measures wilii the same instrument made by ScHroeter, on 
Novcmlier 17, gave X 5587, 

Now, though Angstrom^ original value, x 5567, may not be 
quite accurate, his observation fixed a limit towards the red 
beyond which the aurora line cannot lie- Angstrom says : “ Sa 
lumiere etait presque monochromatique, et consistait d'une seule 
rnie brillante situee A gauche ” (on the more refrangible side) 
“du groupe connu des raies du calcium” (“Spectre Solaire,” 
Upsal, 1868, p. 42). The position of the most refrangible line 
of this calcium group is accurately known ; according to (Brit. 
Assoc. Rep. 1884, p. 372) 

Kirchhoff X SSSo’q 

Thalen 5580*9 

Huggins 5581*0 

It is certain therefore, from Angstrom*® first observation in 
1867, alone that the aurora line lies well on the more refrangible 
side of wave-length 5580. This limit towards the red was con- 
firmed afterwards by Angstrom himself ; he says later that the 
yellow line falls almost midway between the second and third 
line of the shaded carbon group (Natuku, vol. x. p. 21 1), The 
positions of these lines of ctiroparison are, according tb Angstrom 
and Thalen, x 5538 and X 5583 {Ada Upsal, vol. ix. 1875, 
p. 29), 

It follows that Krafft's values, x 5586, X 558 ?* ^ 5 S?S» 

must be from sime cause inaccurate. A possible e.xplanation 
may be found in the small number of solar lines emplojred by 
Krafft for the reduction of the measures into wave-lengths. The 
curve was drawn through the six Fraunhofer lines, S, C, n, 1 ), 

E, and 0 . There was no control for the curve between D and 

F. , and a very small deviation of the curve from its tros position 
here would be sufficient to account for the position of less 
refrangibility of from X 0016 to X 0024, which hii meisures give 
for the aurora line. 

It should be stated that Krafft expresses regret that more at- 
tention could not be given to the spectroscopic observations. 
He says “ Lcider gestatteten die obligatbrUchcn Beobacht- 
ungen nichl, den spcctroscopischen Untersuch ungen die gehbrige 
Aufmerksamkeit angedeihen zu lassen. . . . Ich glaubte ausser- 
dem diese Messungen um »o mchr auslassen zu kdnnen, als der 
PlaU der gcwdhnlichcn Nordlichtlinie oft und sehr genau 
bestimmt ist.” 

To sum up, we have the follovving values for the principal line 
of the aurora" 


to 1872, Vogel X 5571*3 ± 0*92 

(5) 1874, Huggins 5571 ’O ± 0*5 

(7) Gyllcnskibld*® mean of twenty -three 

observers from 1867 to 1884 . . . SS70'0 ^ 0 88 

These values agree closely, and fix within very narrow limits, 
the position in the spectrum where we have to seek the chemical 
origin of the line. 

Gyllenskibld, from his observation? of the changes which 
occur in the spectrum of the aurora, comes to the conclusion 


* ** ObMrvatiotis fkttm aw Cap Thordwn, Spltibcrg. par 1 Expedition 
SoddoiM/' yoL ii. aart 1, **Aurf>r«s Bortfateft/* par Carl’iwm-GylleMkifUd 
(l^khoiin, i6S6>. , , 

^ r 6 M. b. 166. . 3 B. i6o 

4 ** fi^Wibtuiuea-ErgebDlwe den Norweffi-icheD Powr^ta^Ion, Ac* 
A. S. Sieen (Chrwtanlk, tSSS)- 
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that ‘Me spectre de I’aurore borcale ri^sulte de la superposklon 
de plusieurs spectres differents/* and that ‘Ma raie pnncipale 
iorme un de ces spectres ^Idmetitaires ; elle apparait tres souvent 
■eule/' A similar view was taken many years ap;o by Angstrom 
(NATUtUi, vol. X. p, 2io) and by Vogel {Leipug AfeU/t, Phys, 
BerichU^ vol. xsdii. p. 298), 

[After consideration, I think that T ought to point out that 
Mr. LoCkycr's recent statement (Roy. Soc. Proc., vol. xlv., 1889, 
p. 234), that “the characteristic line of the aurora is the remnant 
of the brightest manganese Outing at 558," is clearly inad- 
rajssible» considering ine evidence we have of the position of 
this line. 

In support of this statement Mr. T.ockyer says : — “ Angslrrtm 
gave the wave-length of the line as 5567, and since then many 
observers have given the same wave irngih for it, but probably 
without making independent determinations. Piatzi Smyth, 
however, gives it as 55S, which agrees exactly with the bright 
edge of the manganese fluting. K- H. Proctor also gives the 
line as a little less refrangible than Angstrom's determination. 
He says: 'My own measures give me a wave-length very 
slightly greater than those of Winlock and Angstidm ' (Nature, 
voT. iii. p. 468)." 

By reference to Gyllenskibld's table it will be seen that the 
probable errors of the determinations by Piazzi Smyih and 
Proctor, 5579 ±9*5 and 5595 ± 25 0 respectively,* are too 
large to entitle these measures to special weight. 

Mr. Lockyer says, furl her ; — “ flyllenskidhl's measures with 
the AV rede spectroscope also give 5580 ns the wave-length of 
the characteristic line. I feel justified, therefore, m disregard- 
ing the difilercnce between the wave-length of the edge of the 
manganese fluting and the generally accei led w uve-length of the 
aurora line." 

GyllensUiild's single measure of 5580, rn which Mr. l.ockyer 
relics, difi'ers widely from the \alues which Oyllcnskioltl himself 
assigns to ihi.s line- namely, from ob'^ervaiions at Cape Thord- 
sen m A 556S db 1*6, .and from uhsewations at Upsala in 

1884, with the Wrede spectroscope, A. 5569 ± 0'2. 

Speaking of KtafTt’s observations, Mr. Lockyer says (Roy. 
Soc. Proc., vol. xlv., t8Sp, p. 241): — “The wave-lengths ob- 
tained for the aurora line were 5595, 5S8b. ami 5587. Unlike 
most observations, tbctec place the aiuora line on the Itss re- 
frangible side of the manganese fluting. Hence, we have an 
additional reason for neglecting the difierenfe between the wave- 
length of the brighte'.t edge of the manganese fluting, and the 
commonly accepted wave-length of the auroia lin(% as given by 
Angslrrm. . . . The.*‘e ob'-ervations are tht* latest which have 
been published, and were obviously made with a full knowledge 
©fall previous woik, so that their importance must be strongly 
insisted upon.’' 

J have already pointed out that Kraffi's measures were not 
made under circumstances w'hich assured to them a high degree 
of accuracy v end Krafft's own words, which I have quoted, 
disclaim expresMy any special .attempt on his part to redeter- 
mine the position of the prircipal lii^e with a higher degree of 
accuracy than the obnervers who piccedcd him. — March 4.] 

May 2. — “ The Accurate Determination of Caibonic Acid 
and Moisture in Air.” By J. S. Haldane, M.A., M.B., and M. 
S. Pembrey (Physiological l.aboratory, Oxford), Communicated 
by Prof. Bui don Sanderfor, F, R.S. 

'i he QOibnrs show that, in spile of the efforts which have been 
made in recent years to improve ihe method of Pettenkofer for 
determining CO3 in free air, the results obtained by different 
observers still seriously disagree. 7 'hey also point out the 
serious defect in the ordinary “chemical ” method of determining 
moisture in air, that in spite of its superior accuracy it only gives 
accurate results over a long period, while the proportion of 
moisture in the air is constantly changing. 

A method is then describccl for aefermfning aimoltaneously 
the COj, and moisture in air. The mclhod is gravimetric. The 
COg is estimated by the increase in weight of an apparatus of 
simple construction containing soda lime, through whten a known 
volume of the air has been passed. The moisture is similarly 
estimated by means of an apparatus containing pumice soaked 
in sulphuric acid. The increased accuracy and convenience of 
the method depend on the facts : (1) that a very rapid current 
df air may be passed through the apparatus without /wr of non- 
absoiTpiion of either COj or moisittre ; (2) that by thcNmethod 
of countei|>ouir)g with a dummy apparatus during ftreighmg the 

< Gytlen9ki0lG*s st&temert of ProctoPs valve is hMflc! on Natuav, voh UL 
P 347 and p. 68. 


“errors of weighing” arc reduced to about .'i tenth of what they 
would otherwise be. It is shown that with these iwo Improve- 
ments the method for moisture gives in a period of experiment of 
one minute a result equal in accuracy to that obtained with thfc 
Oldinary method in a period of two hours. 

Using their own mclhod for UOn as a standard, the atuhors 
have also tested the Pettenkofer method. They find that the 
latter method usually gives results for free air about a fifth too 
high, but that the error is lesb in proportion with air containing 
larger amounts of COg. 

As a number of sets of absorption apparatus can easily be 
carried about, ihc new method h well suited for experiments tn 
hygiene, and especially for cases in which a scries of experiments 
require to be made in rapid succession. Both kinds of absorption 
apparatus last over a large number of experiments without 
refalUng. 

Physical Society, A| nl 13.— ITof. Reinold, President, in 
Ihexhair. — Mr. Shclford Bidwell, F.R.S., showed a lecture ex- 
jicriment illustratirg the effect of heat cn the magnetic suscepti- 
bilily of nickel, and an experiment showing an enhet of light on 
magnet Urn. In the first experiment a piece of nickel was 
attached to one side of a copper pendulum bob, which was held 
out of the vertical by bringing the nickel in contact with a fixed 
magnet. On placing a spirit-lamp flame below the nickel, the 
hob was, after a shoit time, released, and oscillated until the 
nickel h.id cooled, when it was again attracted and the operation 
rcj>caled itself. The second experiment had been recently 
shown before the r\0)al Society. One end of an iron bar, w^hich 
had been iragqclj/.cd and then demagnetized, was placed near a 
magnetometer needle. On direciing a beam of liglit on the bar 
an immediate deflection of the needle resulted, and on cutting 
off the light the needle promptly returned to near its initial 
position. The direction of mogne that ion induced by the light 
1$ the same as the previous, magnetization, and the bar 
seems :o be in an unstable magnetic state. That the effect is 
due to light and not heat, the author thinks is rendered probable 
by the swdclenness of the aci'wti. Tlie President said he had 
tried the experiment himself and faiJeil to get any effect, but 
after seeing the arrangement ofapparatususc^I, he believed his non- 
success due to the comparatively great distance between Iris bar 
and needle. Mr. C. kichardson asked if tbe results were different 
for different coloured ray?, and Prof, .S. P. Thompson inquired 
whether the nwgnitude of the effect varied with the intenhity of 
Illumination as in selenium, and also if any change was produced 
by altering the direction of vibiation of the incident light, Mr. 
G. M. AV hippie wished to know whether any difference was 
produced by blackening the bars, and as bearing somewhat on the 
same &ul)ject meniioncd an induction magnetometer in which an 
iron bar used was demagnetized by plunging in hot water. The 
results obtained were very irregular after the first magnetization, 
and this may have been due to the instability shown to exist by 
Mr, BidwelPf- experiment. In reply, Mr. Bidwell said red light 
produces most effect, and blackening the bar make.s the accTon 
much slower. As regards selenium, the character of the effect 
is similar, but he believes the causes to be different. Polarized 
light produces no change. In answer to Prof. Herschel, he said 
that any part of the bar is .sensitive to light, and showed that 
illuminating both sides of the bar increased the effect.— Mr. 
G. M. Whipple read a note on the dark flash seen in some light- 
ning photogr^hp. After expressing his dissent from the 
explanations offered in the report of the Lightning Flash Com- 
mittee of the Meteorological Society and Prof, Stokes respecting 
ribbon lightning and dark flashe*-, the author describecT some 
experiments he had made on the subject. Ribbon lightning he 
conceived to be an effect produced by taking the tmotographs 
through windows, and to test iihes on a black board wm 
photographed. (1) direct; (2) through good plate-glass plac^ 
obliquely ; and (3) through window-glass, the result being that 
the double, triple, and ribbon flashes were closely imitated. As 
regards “ dark flashes,” the author believes the appearance doe 
to the prints being taken in oblique light, and to be pi^tfoed by 
successive reflection from the reduced silver , formi^ the^dlark 
line on the negative and the upper surfisce of the glaisof the 
negative. Prof. Ferry suggested that tbis^ight be eaaily proved 
by examining a negative, the prints from which t how the d«ek 
flash. Mr. Bally pointed out that, if the explaimto given ^erw 
co>tie/:t„ihed4r Kline should be .parallel to the bright one, antd 
this he understood was not always the case, Mr. Boys remarked 
that one desk flash exhihUed minute wtiggles not 4een the 
bright one, oetd Mr. V. Burton thooghtThese be 
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to irtvgulorities m the upper surface of the negative. Dr. Glad- 
stone said he was not satisfied with Prof. Stokef s nitrous oxide 
explanation, hut thought the phenomenon may l>e due to some 
kind of reversion. He also mentioned that a negative might 
probably be obtained from Mr. Shephard, of Wesfcbourne Grove. 
As regards multiple flashes, Mr. Hoys said he hod often seen 
seven or eight flashes traverse (he same path in rapid succession. 
On the motion of the President, the discussion was adjourned 
until the next meeting, when Mr. Whipple hopes to exhibit the 
negative referred t », together with photographs of his experi- 
mental dark flashes,— On c^nartz as an insulator, by Mr. 
C. V* Boys, F. R.S. In making quartz fibres the author ob- 
served that the ends of fibres 1)roi%en dming the shooting process 
coiled up into screws, nnd projected themselve> against anything 
brought in their vicinity. After a bh<»rt time they released them- 
selves and sprang back to their original posiJon. 'Ihis could be 
repeated indefinitely, and the only explanation he could think of 
was that the fibre was electrified. If so, then to exhibit such 
phenomena the insulating qualities of quartz must be very great, 
and txi>criu)cntfi were shown to demonstrate this deduction. A 
small pair of charged gold leaves were suspended from a short 
quartz rod in a moistened atmosphere, and the deflection fell one- 
quarter the original amount in about five hours. A clean glass 
rod under the same conditions would discharge the leaves in a 
few seconds. Dipping the quartz into water did not seem to 
diminish ita insulating pro|jertieg, and ordinary chemicals pro- 
duced no permanent j prejudicial effect. The author considers 
that ouartz will be veiy useful in electrostatic apparatus, for the 
troublesome sulphuric acid may be dispensed with. — On a re- 
fraction goniometer, by Mr. A. P. Trotter. The goniometer, 
which was designed when determining the figure of a refracting 
surface to efifect a special distribution of light, is practically a 
movable four-bar linkwork, representing the figuie given in 
Deschanel (p, 924) ; two of the bars are [unrallel to the incident 
and emergent rays, and the other two normals to the faces of the 
prism* By its means the angle of a pri-m to produce a given 
deviation, when the ind<;;x of refraction and angle of incidence 
are known, can l>e readily found. A series of curves expressing 
the relation between incidence and deviation foi prisms of various 
angles were shown, and the same curves show the minimum 
deviation and limili ig angle for prisms of all angles represented. 
The author thinks the instrument will be useful in physical 
laboratories for adjusting optical apparatus and for the calculation 
of lighthouse and other polarized lenses, Fresnel prisns, ^c. 
Prof. Hcrschel said he found a wooden model illustrating the 
relations l>etween the angles of incidence and refraction very 
useful in teaching ; and Mr. Blakcsley sketched an arrangement of 
links and cords devised for the same purpose. Mr. Boys con- 
sidered that all such relations were l>est seen on a slide rule. — 
A note on apparatus to illustrate crystal forms, by Prof. R. J. 
Anderson, was read by Prof. Perry. Tae apparatus is con/ 
structed of cords, pulleys, and weights arranged to produce the 
required figure when in equilibrium. By increasing or decreasing 
some* of the weights the corresponding axes of the ciy atal forms 
can be lengthened or shortened, and the passage from one 
system to another effected. In one arrangement the forces may be 
divided or united, and the pulleys are carried by rings capable 
of rotating on different axes. By this apparatus the various 
conditions are said to be beautifully illustrated, and methods of 
deriWng the oblique from the rectangular systems are shown in 
photographs which accompany the paper. 

Entomological Society, May 1. — Mr. Frederick Du Cane- 
Godiban, F.R.S., Vice-President, in the chair. — Mr, W. D. 
Distant announced the death of Dr. Signoret, of Paris, one of 
the Honotary Fellows of the Society.— Dr, Sharp exhibUed 
male and female specimens of Rhomhorhim japonica^ in w hich 
the thorax was abnormal ; also, a specimen of Bat^i^era royUi^ 
wfalch he had kept in a relaxed condition in order to be able to 
demonstrate the power of stridulation possessed by this’ species. 
—Dr. N. Manders exhibited a small collection of CoIep]nera, 
including sevml remarkable and very interesting species, re- 
cenily made by him in the Shond States, Burmah.— Mr. C. O. 
Waterhouse exhibUed, for Mt. Frohawk, a' series of wings of 
British butterflies, prepared in accordance with a process (de- 
scribe by Mr. Waterhouse in the Proc. Ent. Soc,, 1887, p. 
x^i.h by which they ‘were denuded of their scales so as to 
e|ifK>ee Uie neumtion,-r-Dr. P. B. Mason exhiHted codoons of 
44 $>eeidS ()f spider— faUms^ Black.,— from' Cannock 
Cnsse, dtstingairiiid by the pretence of large blunt probesses on 
their surface*— Mr. H. GoaS exhibited, for Mr. N. F. Dobrde, 


a number of scales of CoeddtSy picked off trees of Acacia fnclan- 
oxylon and Crevilha r&bustai growing in the Market Square, 
Natal. These scales hod been referred to Mri J. W. Douglas, 
who expressed an opinion that they belonged to the family 
BrachysctluLti and probably to the genus B rocky salt Schrader. 
He said that most of the species lived on Captain 

li. J. Klwes exhibited a long ..and varied series of specimens of 
Teihas hccabe. He remarked that all the specimens which had 
strongly defined markings werp taken in the cold and dry season, 
and that those which were without, or almost without, markings, 
were taken in the hot and wet smison ; further, that he believed 
that many specimens which had been described as distinct were 
merely seasonal forms of this variable species. Mr. W. L. 
Distant, Mr. F. D. Godman, F.K.S., Prof, Meldola, F.R.S., 
Mr. H. ' 1 '. Stainlon, F.R.S., and Mr. G. Lewis took part in 
the discussion which ensued. — Mr. H. Burns exhibited, and 
made remarks on, a number of nests of living ants of the fol- 
lowing species, viz. Formica fusca^ JLosites alicntts^ L, flavus 
L, nigcTy Afyt'fnica rugiHoJis^ scakrtfiotiis^ &.c. One of the 
nests contained a queen of L. flavus^ which had been in the 
exhibitors possession since .September 1882.' — Mr. W. Dannatt 
exhibited specimens of Ikatmaintis htnvqua. West., from Shang* 
hai. — Mr. G. C. Bignell communicated a paper entitled “De- 
scription of a New Species of British /ckneumottu/a.'^ — Mr. A. 
G. Butler communicated a paper entitled “A Few Words in 
reply to Mr. F.lwes’s statements respecting the incorporation 
of the Zeller Collection with the General Collection of Lepi 
doptera in the Natural History Museum,*’ Captain Klwes, Mr. 
Stainton, Mr. Godman. and others, took part in the discussion 
which ensued. 

Paris. 

Academy of Sciences, May 7. — M. Des Cioizeaux, 
President, in the chair. — On elliptical polarization by vitreous 
and metallic reflection ; extension of the methods of observation 
to the ultra-violet radiations, by M. A. Cornu, The principles 
on which Cauchy has established the theory of these two orders 
of phenomena and the form of the laws coniivUlng them differ 
so gi'eatly that most physicists regard them as csaentially dis- 
tinct. But these experiments show that this is not the case, and 
that the same substance may present a continuous transition from 
one to the other according to the nature of the reflected radia- 
tion, h follows that the phenomena presented by transparent 
subsf.ances with metallic sheen (fuchsine, platinocyanidesi, &c.), 
far fr'>m being exceptional, merely constitute particular forms of 
the general phenomenon of reflection.— On the origin of bronze, 
by M Berthelot. The author lias analyzed s[>ccimcns from a 
statuette from Tcllo in Mesopotamia, and from the sceplroof the 
Egyptian King Pepi 1 . (sixth dynasty), both dating back to 
about 4030 B.C., and both consisting of pure copper. From 
lliis he argues that, as in the Kbw World, the Stone Age was 
followed by a Copper Age in the eastern heniispliere, and that 
the bronze period cannot b? more than some fifty or sixty cen- 
turies old.— On the th ionic series ; action of the alkalies, by M. 
Berthelot. Having already determined the heats of formation 
of the thionic compounds {Comptes rendits^ cviii. p. 773), the 
author here deals with the reciprocal Iranaformaiions of these 
pompounds under the influence of the alkalies. The penla- 
thionates, Icirathionates, and trithionates arc treated in detail, 
and il is concluded that these as well ns other compound 
substances, such ns metaphosphoric and pyrophosphonc acids, 
hitherto regarded as isolated and exceptional, all come within 
the same general theories as the organic acids. — Note on an iron 
meteorite discovered buried in the ground at Haniet-cl-Beguel in 
Algeria, by M. DaubrM. I'his meteorite, found at a depth of 
5 metres, while sinking a well In the Wed Mzab district, appears 
to be of great age, having fallen probably during the 
Quaternary epoch* It shows the Widmanstatten figures quite 
distinctly, and its other ebaraoterntios place its extra-terrestrial 
origin beyond all doubt. — Remarks accompanying the presenta- 
tion of the third part of i:tA BuUUm ini$rncdioml dtla Carle du 
Cidt by M. Mouefaee. In these remarks special attention is 
call^ to Mr. ]sa«c sitUaire, an ingenious 

and valuable prooeflv by mean* of which the photograpme im- 
presiioas of the atars can easily be transferred to metallic plates, 
and thus preserved from all danger of perishing* The method 
is simple and economical, aad' al&we of an unlimited number of 
copies'hefcng taken^for geneml use# By^this invention aU risk is 
removedof the lidmurs of the International AssooiationforpHoto- 
graphingthe Heavanobeiaglostto future generations* — Researches 
o» nhe apj^icatioa of the ineasnrcment of rotatory power to 
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the fltody of the compounds formed by the action of the 
rtvagnesium and lithmm molybdAte? on the solutions of tar^ 
tAilc acid, by M. D. Gernez. The present series of experiments 
are analog&us to those already described in previous communica- 
tions, demonstrating the great increase experienced by the 
rotatory force of certain active connwinds when their solutions 
arc placed in contact with various substances without proper 
action on polari/etl light. Here M. Gerner studies more parti- 
cularly the action of the neutral magnesium molybdate on solu- 
tions of tartaric acid, and the action of the neutral lithium 
molybdate on the same solutions. Combining these with 
the results already obtained, he is now able to formulate the 
following general conclusion ; The simplest combinations which 
are produced in aqueous solution between tartaric acid and the 
neutral molybdates and tungstates hitherto studied, and which 
correspond to a maximum rotatory power, are formed by the 
union of the acid with the salt mf>leculc for molecule.— On the 
atomic weight of ruthenium, by M. A. Joly. In a previous com- 
munication {Cofft/Us r£f/(fus, evii, p. 994) the author announced 
that the analysis of compounds of nitric oxide with ruiheno-chlor- ! 
ides led to a reduction of about tw o units in the atomic weight of 
ruthenium (104-103*5) as determined by the latest researches of 
Claus. He now fincK this view confirmed by his own studies, 
and pro^Msionally fixes the atomic weight of this element at ^ 
lOi '4. In its preliminary tr.ansformation into compounds contain- ' 
ing nitric oxide the ruthenium w as completely freed from osmium, ^ 
the atomic weight of which, according to .Scubert’s last determina- \ 
tions, is nearly double (191), and this would explain the consider- ; 
able reduction in the atomic weight of the ruthenium itself — On ^ 
a- oxy cinchonine, by MM. E. Jungfleisch and E. Lcger. A de- ; 
failed description is given of the preparation, properties, salts, i 
and various derivatives of this substance, the formula of which is 1 
CjjH} 3N^04,— On the alcoholic fermentation of the juice of I 
the sugar-cane, by M. V. Marcano. ‘I'hc object of these studie'» 
has been to determine the agent of the alcoholic fermentation, , 
as well a$ the nature of the products accompanying the alcohol ! 
yielded by the juice of the sugar-cane. — Action of zinc ■ 
chloride on isobutylic alcohol in the presence of hydrochloric 
acid, by MM. H. Malbot and L. Gentil. The points here 
chiefly studied arc the part played by the isobutyl chloride, and 
the properties of the polybutylencs.- -On an artificial silk, by ; 
M. de Chardonnci. The author has prepared from a pure ; 
cellulose octonitrate a silk'-like fabric of great elasticity and soft- < 
ness, more lustrous than the silk of cocoons, and capable of being i 
dyed by the ordinary processes. Specimens will be shown at | 
the Universal Exhibition. — M. Daubre^e paid a tribute to the j 
memory of the late M. Lory, Corresponding Member of the i 
Section for Mineralogy, who died at Grenoble on May 3. I 


rapidly the mirror was rotated the slower did the curvet move 
ovir the screen, and when the rotation was as rapid as the 
vibration of the plate, the curves became stationary and eonld 
thus be exactly observed and drawn. These luminous cunes 
could also be photographed, The speaker had employed this 
method in a 5 eries of researches on certain electrical phenomena 
which might influence the efficiency of the telephone. Thus the 
action of alternating currents, of «e1f-induction, of the rise and 
fall of the current un making and breakirg, of the introduction 
of electro-magnets, and of other condition?, were studied by 
means of the altered mode of vibration of the telephone plate. 
The speaker had further obinined a graphic record of the 
vibrations of the telephone plate when vowels and consonants 
are sung ami spoken into it. Many other problems may, 
by the above method, be brotiglit nearer to their solution. — 
Pr. Keichel showed a lecture-experiment with a walci- 
hammer. When the bulb in which the fluid is contained is 
grasped in the warm hand, the fluid is driven over to the other 
side by means of the vapour which is then formed. When all 
the fluid has thus passed over, bubbles of vapour finally make 
their way through the fluid, and at this moment the hand which 
is grasping the bulb experiences a distinct sensation of cold. 


BOOKS, PAMPHLETS, and SERIALS RECEIVED. 

Illustrations of Zoology : W. k. Smith and J, S. Norwcll (Paniland).— 
South Africa a Health RcMtrt, 2nd tdition' A. Fuller (Whittingham).— 
A Dictionary of ExploMves : Major J. P. Cundil! (Mackey, t haihfttnX— 
Three Cruihcs of the ifiake. a voK. UuHclin nf the Mmseuni of Compara- 
tive Zoology at Maivard College, in Cambridge, vols. xtv and xv. : A. 
Agassiz (Cambridge, Masc.),— bibliography of Meteorology— Part 1, 7'em. 
nerature : edited ^ O. L. Koj-sig (Washington). — Mr, .Sfranger'a Sealed 
racket; -H, MacCToll (Chmto and Windus).— IraveU in ihe Atlas and 
.'•oiitheni Morocco ; J. 'J’homson (Philip). — A Treatise cm 't rigonometry : 
W. E. Johnson (Macmillan).— Darwinism : A. R. Wallace (Macmillan).— 
Life 01 Charles Blacker Vignoles : O. J, Vignoles (Longmans). — GleamngK 
from Japan : W. <». Dakson (Blackwood) —Cclesiia) Motions, 6lh edition : 
W. T. Lynn (Stanford) — Our Fa my Pigeon*, i heap edition : G. Urc (Stock). 
— Natural Science Examination Paicrh—Part i, Inorganic Chenustry : It, 
E. Stcel(Bcll). 


Berlin. 

Physical Society, April 5. — Prof, von Helmholtz, President, 
in the chair. — Prof. Rosenthal, of Erlangen, de?cribed his 
calorimeter and the experiments he had made with it on the heat- 
prodnetion of the animal body. (Sec report of the Physiological 
Society in Nature of April 25, p. 624. } He then showed a small 
experiment on making flames non-luminous. This result can be 
obtained cither by means of a strong current of air or by con- 
siderable cooling. The speaker, however, produced the same 
eflect in the following way. A small gas-flame is made to bum 
brightly inside a cylindrical chimney ; it becomes non- luminous 
as soon os a platinum crucible is placed on the chimney so at to 
incompletely close the upper end of the cylinder. Prof. 
Rosenthal believes that in this case the current of air through 
the t^imney is very considerably slowed, hence the gas issuing 
from the burner becomes disseminated throughout the whole 
mass of air, and as a result of this, the temperature being low, 
t bums without giving any light. Several other explanations of 
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the phenomenon were suggested by the members present at the j Robert Stirling Newell, F.R.S 5^ 

meeting.— Dr. Frohlich made a further communication in | Notes do 

connection with his older, resultless experiments on the objective “ * 


demonstration of the vibrations of a telephone- disk, in order to 
describe his new method by which positive results had been 
obtained. In his earlier experiments he employed manometric 
flames, and endeavoured to photograph their movements with the 
help of a rotating mirror ; now, however, he attaches a small 
mirvr to the iron plate of the telephone, and from this the light 
4yf an electric tamp is reflected on to a polygonal rotating mirror, 
from which it falls upon a screen. Tlie vibrations of the plate 
were thus made visible on the screen, and since each sids 01 the 
fNdygonal mirror cast its own image, when the mirror was 
(oiated the curves were seen moving ovA: the screen. The more 
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THE NEW TECHNICAL EDUCATION BILL, 

A FTER the storms which have wrecked so many 
previous attempts to deal with the question of 
technical education, it is no less surprising than gratifying 
to find that on Wednesday, May 8, Sir Henry Roscoe's 
Bill, representing the views of the National Association 
for the Promotion of Technical Education, slipped through 
the second reading stage in less than a minute, with no 
opposition and amid general cheers. If would be too 
much to expect that the same easy course lies before the 
Bill in Committee, but at least it may be said that wc are 
much nearer the settlement of this vexed question than we 
seemed to be a month ago. 

The Bill itself, which we reprint elsewhere, does 
not differ materially from its predecessor of last year 
— we mean the Bill introduced last year by Sir Henry 
Roscoe, not the hapless measure drafted by the Govern- 
ment. There is, indeed, an alteration in the definition of 
technical education, which now includes, besides instruc- 
tion in the branches of science and art named in the 
Science and Art Directory, the working of wood, clay, 
metal, &c., commercial subjects, and “ any other subject 
applicable to the purposes of agriculture, trade, or com- 
mercial life and practice, which may be sanctioned by a 
minute of the Department of Science and Art made on 
the representation of a School Board or local authority 
that such a form of instruction is suited to the needs of 
Its district.” This is an improvement on last year's 
definition, which gave the initiative in this matter to the 
central Department instead of the local anthoritics. The 
more freedom that is given to localities to adapt their 
scheme of technical instruction to the diverse needs of 
their own industries the better. 

But the Bill is essentially unaltered, and it ought to 
meet with the same approbation from friends of education 
as greeted its predecessor. It is, like all the measures 
that have been drafted, an enabling Bill ; that is to say, 
it gives powers to localities to provide technical instruction 
if they think fit. The Bill deals with the case both of 
elementary and secondary schools. Technical instruction 
given in the former will be provided by the School Board, 
and a school will not cease to be a public elementary 
school by reason of technical instruction given therein, ' 
If, however, a School Board fails to do its duty in the 
matter, the local authority {Lc, the County, District, or 
Borough Council, or the Urban Sanitary Authority, as the 
case may be) may step in and make the requisite pro- 
vision themselves. In the case of higher technical in- 
struction, provision may be made either by the School 
Board or, except in the case of London, by the local 
authority. Provision is made for the payment of fees of 
deserving students, the establishment of scholarships, 
grants for laboratories, apparatus, museums, libraries, 
dec. Grants may be made to the higher technical schools 
by the Science and Art Department, and to elementary 
schools giving technical instruction by the Science and 
Art Department, or the Education Department, or both. 

The Bill was allowed to pass the second reading 
Unchallenged only on the understanding that certain 
alterations should be made in Committ^ee. Until 
VoL. xl—No. imu 


the Government amendments are put on paper, it is 
hard to give an opinion as to the future chances of the 
measure. It would of course be out of the question to try 
to revive the clause of the last Government Bill compelling 
School Boards either to abstain from providing technxal 
instruction altogether, or to make the same provision for 
voluntary schools as for schools under their own manage- 
ment. It ought not, however, to be difficult to arrange a 
satisfactory compromise, and so remove what is undoubt- 
edly a defect in the present measure as it stands, viz. the 
absence of any provision for the large majority of children 
who are educated in denominational schools. 

It would, indeed, be pitiable if the settlement of the 
question were again postponed owing to the endless 
difficulty of the relation between Board and voluntary 
schools. After all, it should be remembered that by far 
the most important part of technical instruction neces- 
sarily falls within the realm of secondary, not of ele- 
mentary education. The ground may be prepai^ed in the 
primary school, but that is nearly all. In our opinion, 
therefore, the most important clauses of the Bill are those 
dealing with non -elementary schools, and at all costs 
these must be preserved, and, if possible, extended ; for, 
as wc read the Hill, it is doubtful whether they give the local 
authority the requisite powers to build new technical 
schools. This, however, is a matter whij:h can easily be 
set straight in Committee. 

Wc do not wish to undervalue the part of the Bill 
dealing with elementary schools. It is most undesirable 
that a School Board that wishes to build a workshop, 
or provide tools for manual training, should continue to 
run the risk of surcharge by the auditors, and it is right 
that the work of the so-callcd higher elementary schools 
should be formally recognized, and established on a satis- 
factory basis. But if there are any who expect, as a 
result of the measure, that a system of distinctively tech- 
nical instruction will be introduced wholesale into our 
elementary schools, they are destined, in our opinion, to 
be disappointed. 

We note with pleasure that the present Bill is not 
hedged round by the cumbrous and harassing restrictions 
which disfigured the Government Bill of last year. There 
is no requirement of a poll, no restriction in the amount 
of the rate ; and, above all, no clause restricting tech- 
nicifl instruction in elementary schools to children in the 
sixth and seventh standards. Of all alterations that may 
be proposed, an amendment embodying the last-named 
restriction would, in our opinion, be the most disastrous. 
It would at once cripple the work of the higher element- 
9xy school, and destroy science as a class subject and (in the 
fifth standard) as a specific subject throughout our ele- 
mentary school system. The representatives of the 
Technical Education Association will doubtless be on the 
watch to see that no sinister alteration of this kind is 
introduced, for it would virtually convert the Bill into a 
measure for prohibiting the provision of technical instruc- 
tion throughout the greater part of the elementary school 
course. 

There are one or two criticisms which we may 
offer on the measure as it stands. In the first 
place, it does nothing for girls— for instruction bear- 
ing on domestic economy can hardly be brought under 
any of the heads enumerated in Clause 1 1. This 




objection might be met by slightly extending that clause so 
as to iiicludfl cookery, laundry work, &c. Another IJaw is 
the omission to provide expressly for Imperial grants other 
thiui payments on results of individual examination. It is 
true that the Uill leaves the mode in which such grants shall 
be made to the discretion of the Science and Art Depart* 
ment, but sometliing more definite than this is required. 
It would be a great mistake if payments for technical 
instruction were made on results, like the present Science 
and Art grants ; they ought rather to bear a certain pro- 
portion to local contributions, and a clause to this effect 
should, if possible, be embodied in the Bill. Lastly, why 
should School Boards and local authorities be required 
to confine any entrance examination which they may 
institute, to reading, writing, and arithmetic ? 

In spite of these minor defects in matters of detail, 
the Bill as a whole ought to meet with the hearty approval 
of the public, and we trust no stone wi 1 be left unturned 
to secure that it shall be passed into law this session. 
Another year’s delay would be most disastrous, as it would 
have the effect of paralyzing local activity, especially in 
those centres which have already prepared schemes and 
collected funds for technical schools, but arc waiting year 
after year to see what form legislation on this subject will 
take. 

A TEXT-BOOK OF HUMAN PHYSIOLOGY. 

A Text-book of Hitman Pltj^s/ology. By Dr. Austin 

Flint. Fourth Kdition. (London : Lewis, 1888.) 

present edition of Dr. Flint’s “ Human Physio- 
A logy’’ is a capital manual of the subject. The book 
has been re-written from the third edition, which was 
published nine years ago. As might have been expected 
from the author of the previous work, the style of the 
text is always clear and eminently readable. U pon the 
whole the selection of the matter is good, and the illustra- 
tions are almost without exception excellent. Detailed 
description of apparatus and of methods of experiment 
has been excluded as iinsuited to the character of the 
book. In the same way digression into the laws of 
physical and- chemical science has been avoided as far 
as possible, on the ground that such knowledge is already 
within the possession of the student of physiology, or that 
to obtain it he can turn with advantage to special treatises. 

Amid much that is praiseworthy in the work, one may 
single out some points for especial commendation. The 
brief historical introductions to certain chapters are 
of marked excellence, and notably the sketch relating 
the progress in our* knowledge concerning the functions 
of the heart and blood vessels. The discussions of 
the terms hunger and thirst, and of the value of the 
various constituents of the urine as indices of the general 
metabolism of the body, are exceedingly full and satis- 
factory. Very interestingly given, too, is the account of 
the uses of water and inorganic chemical substances which 
pass through the organism ; and the probability of the 
formation of a considerable amount of water within the 
organism during severe muscular exercise is related with 
striking vigour and force of argument. As its title 
implies, the volume is devoted particularly to the physio* 
ot man, and tlie portion dealing with the special 
mechanisms for voice and speech is exhaustive. The 
chapters upon the cranial nerves, upon sight, and upon 


hearing, are perhaps, upon the whole, the best in the 
entire volume. The illustrations to these chapters are 
particularly deserving of praise. 

In a science developing with such rapidity as of late 
years physiology has done, peculiar difficulties stand in 
the way of furnishing a text-book that shall pretend' to 
some degree of completeness, and shall at the same time 
avoid statement of all that is not absolutely worthy of 
credence. Dr. Flint has to a great degree succeeded in 
accomplishing this dilficult task. But he has done so 
somowhnt at the expense of matter that might, we think, 
have been introduced into his text-book with advantage. 
One finds no definite mention in his work of rhythmic 
contractility as a function of the fibres of the cardiac 
muscle frr apart from nervous connections they 
possess. There is no adequate discussion in this- 
manual, consisting of nearly 900 pages, of the pheno- 
menon of inhibition as an exhibition of temporary 
diversion of cell-activity into channels of anabolism. 
When treating of uric acid the writer is silerU as to the 
synthesis from urea and glycocoll, although that fact 
throws a flood of light upon the origin of the acid in the 
animal body. A long paragraph is devoted to the pineal 
gland, and finally the remark is made that in structure 
it resembles the ductless glands ; surely such a sugges- 
tion is worse than worthless, in view of the discovery of 
its relation to the dorsal median eye of Sphenodon. 

On the other hand, when writing of the superficial and 
deep reflexes, no hint is given of any doubt as to the 
truly reflex nature of the latter. The balance of evidence 
is decidedly in favour of the patellar jerk being really of 
the nature of a reflex, yet an unqualified statement on so 
important a subject is scarcely fair to the student. 

In so excellent a chapter as that on sight, it is dis- 
appointing to find hardly one word of mention of the 
phenomena of colour-sensations. The Young- Hcimholu 
theory is not alluded to, much less any rival hypothesis 
such as that of Hering, One hears nothing of three 
primary sensations of colour, or that colour-blindness is 
most frequently a defect for the rays of the longer wave- 
lengtiis. In a physiological work treating especially of 
man, this ought not to be the case. We are not so 
poverty-stricken in our knowledge of the functions of the 
semicircular canals as Dr. Flint would let his reader 
imagine. No adequate description is given of the 
symptoms which appear when they are separately 
injured No adequate representation is made of the 
views of the long series of more recent workers on- the 
subject. In the statement of the motor-paths by which 
nervous impulses arrive at the urinary bladder, no refer- 
ence is made to the sacral spinal nerves, although the 
contraction brought about through sympathetic channeU 
is incomparably weaker than that effected along the 
former route. One must add here, however, that the 
diagram, from Kuss, exhibiting the various form* and 
positions assumed by the organ in question when dis- 
tended in various degree, is remarkably useful and 
well- chosen. 

Dr. Flint alludes to, rather than describes, the way in 
whic^ by partial superposition and fusion of simple con- 
tractions* the tetanic contraction of muscle is obtained. 
He is far too brief upon the matter, especially a* he gives 
it no pictorial illustration ia aid of hi* text, The *^dent 
whose grainy of thU head had been gleaned 
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only in the fiv'e-Iines field that Dr. Flint here allows him, 
would, one must think, find his garner too e npty to satisfy 
the pillaging of the College examiner. And one sin- 
cerely Impes he would. C>n the other hand, upon the 
very next page, the significance of the so-called vibration 
of voluntary muscular contraction is treated in a tho- 
roughly satisfactory way, and in view of extremely recent 
experiments 

One might have expected, in a text-book of human 
physiology, to find some description of experiments in 
hypnotism, or at least some mention of the matter. It 
is a subject that more and more deminds attention from 
the physiologist and from the physician, and a subject 
to which' the student of medicine can have no better in- 
troduction than from the objective, non-metaphysical side 
from which the phy siologisl makes his inquiries. One has 
failed to discover any reference to the subject in this work. 

A few instances of curious, and one may say unjust, 
omission of certain authorities demand mention in a 
notice of the book. On p. 53 it is related that following 
ligature of the coronary arteries the heart ceased to 
beat after a mean interval of twenty-three and a half 
minutes in six experiments by Erichsen. (J>nc would | 
have thought the laborious and all-important research 
on this subject by Cohnheim and his pupil, Von 
iSchulthen-Rechberg, not to speak of previous work by 
Panum, and by Satnuelson, and Von Bciold, was at least 
worthy of some comment In the connection, and the more 
so that the results obtained were so infinitely more sig- 
nificant and valuable than those of the experiments here 
quoted by Dr. Flint. In describing the endings of nerve- 
fibres in the fibres of striated muscle, Doyt>re and Rouget 
are mentioned, and very properly so ; but the name of 
KUhne does not appear, and nothing is said of the nucle- 
ated *‘soJc.” The description, too, is illustrated by two 
figures from Rouget, more than a quarter of a century 
old On p. 262 occurs the following: — “It is possible, 
however, that future researches may show that micro- 
organisms play an important part in actual digestion, as 
is foreshadowed in a recent article by Pasteur (August 
1887). Pasteur has isolated seventeen different micro- 
organisms of the mouth. Some of these dissolved albu- 
iTf'cu, gluten, and caseine, and some transformed starch 
into glucose. “ These observations are very suggestive, 
and they seem to open a new field of inquiry as regards 
certain of the processes of digestion,*' To most readers, 
these lines would certainly infer that observations of this 
kind had first been recognized in their full bearing by 
Pasteur, or that, indeed, the observations of Pasteur were 
the earliest or the most important of the kind. To do 
this is w do signal injustice to a large number of investi- 
gators,^ who, possessed of the idea, have obtained ex- 
pedmental evidence 0/ its truth, much more complete 
than, and several years in advance of, that published by 
Pasteur. One need only mention the names of Du- 
claux, Marcano, Hu^pe, Miller, Wortmann, Eschcrich, 
Bourquclot, Brieger, Wolff ; and there are many others. 

A minenr point on which one is inclined to join issue 
with Pr, Flint is the terminology bo employs. He does 
not employ the word metabolism, but the notion is 
«xprefti^ by enfployment of “ assimilation,” and “dis- 
The latter has a* peculiarly uncouth ring. 
'Fhw wards ** anabolism " ji^abolism ^ one does 


not find. To speak of serum albumin as serine ; of para- 
globulin as metalbumen, and of this last as “ dissolved 
fibrin” is likely to render more confused subjects that 
are sufficiently so already. It is not usual to flipell the 
name lecithin indiscriminately lecithene and leccthine. 
Gustation and olfaction are not pretty words. 

In the matter of illustrations the volume is thoroughly 
and artistically equipped. Fig. 64 and one or two more 
of the san>e kind arc, however, severe blemishes. How, 
one asks, can the drawing of a dog with a fistulous wound 
in the body benefit the student ? What good purpose 
can it subserve? The figure is a useless, gratuitous 
exhibition of what must to every mind be the unfortunate 
and repulsive accompaniment of physiological research. 
Intellectual and material boons conferred upon society 
justify to the full a pursuit of the science in despite of 
every difficulty of this kind, because those boohs can be 
I obtaine<l for it by no other course of action. They do not, 
however, justify for such a book as Dr. Flint\s one single 
picture such as those referred tt). 

I As was to be e.xpected, the question of the elimination 
I of nitrogen from the body is treated with that pleasant 
I decision and competence that can be assumed only by 
an author who has himself carried on research in the 
field of which he is writing. The observations of Dr. 
Flint upon Weston the pedestrian are seemingly at 
variance, as he remarks, with those of Farkes, and of Fick 
and Wislicenus, made upon other persons. The sugges- 
tion is valuable that the difference may be explained by 
the much more strenuous character of the exertion under- 
gone by Weston than by Parkes’s soldiers, or by the 
i physiologists who walked up the Faulhorn. Dr. Flint 
j found that the excretion of urea was increased by a walk 
; of 100 kilometres a clay for five consecutive days, the 
walker being upon the same generous diet during as well 
as before and after the exertion. Pick and Wislicenus 
during their ascent and for a short time beforehand 
abstained from all nitrogenous food. They found an 
actual decrease m the amount of urea excreted in the 
period of exertion. But. in the main result the researches 
[ are in accord. They all alike fail to yield evidence of 
increased degradation of proteids sufficient to account for 
the increased quantity of energy set free. 

In conclusion one has to add one word in praise of the 
form and typography of the book. It is c\ ident that, as 
the author says in his preface, “ the publishers have 
spared nothing in the mechanical execution of the 
work.” C. S, S. 

GEOGRAPHY IN GERMANY. 

Beitriige zur Geophysik : Ahhciftiilungen ans dem 
^raphischen Seminar dx^r Universitdt Stra&shur^^ 
Herausgegeben von Prof. Dr. Georg Gerland. 1. 
Hand. (Stuttgart- Koch, 18S7.) 

Bericht itber die Enhtdckeluni^ drr Meihodik und des 
Studiums der Erdkunde. Von Prof. Dr. Hermann 
Wagner. Ini Geographisches Jahrbuch^ 1888, (Gotha : 
Perthes.) 

I N 1886-87 there was much discussion among English 
geographers about the limits and methods of their 
subject. The whole matter had been gone into by the 
Germans a few years before. It is curious to note that 
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just when we had relapsed into something like silence on that it is a single science, dealing with a homogeneous 
the point, and had agreed to put our views to the test of mass of facts, with one method and a logical unity, 
practice, the debate was vigorously revived in the Father- making it a true field for the investigator, and of value 
land. In part this was the effect of the sympathy and ] to the teacher. His essay of fifty-four pages contains a 
of the supply of material for criticism which came across wealth of examples and of neat formulae which compel 
the water, but in the main it was due to Dr. Gerland's admiration ; but it is questionable whether he does much 
striking introduction to the first volume of the Strassburg good with his chief positions. With Dr. Wagner, wc are 
“Contributions to Geophysics.^' In the last Gco^rapkischt's disposed to think that he exaggerates the importance of 
Jahrbuch Dr. Wagner sums up both the English, and the his point that the earth as a ^trkole is the subject of 
German discussions, and, though he differs radically from geography. He keenly combats the view that the sur- 
Dr. Gerland's fundamental positions, he gives to his essay ! face of the earth, the topogi*aphical, is the specific cha- 
the place of honour. The clearness and richness of its style, , racteristic of geography. Yet surely the burden of what 
the closeness of its argument, the extreme and unhesitating j has been recently said, on the part even of those who 
views it enunciates, and its author's great experience hold this view, has been that you must not stop short at 
command attention, and must be the excuse for once the defining of relative position, but inquire into causes, 
more bringing an almost threadbare subject before and those causes lie largely within the earth. But Dr. 
English readers. Gerland’s second position, his uncompromising exclusion 

The three propositions which Dr. Gerland aims chiefiy of the human element, has more substance. Bold though 
at establishing are that geography has to deal not merely he is, he has not dared to exclude the geography of (non- 
with the earth’s surface, or even the earth’s crust, but human) organisms. Does not his inconsistency here 
with the earth as a whole; that the human element invalidate his programme? All through his essay one 
should be shut out entirely from the view of the geo* fancies there is a certain undertone of contempt for the 
grapher, and that geography must Iw a single science merely probable results of anthropogcography. But are 
characterized by a single method of investigation, the the results of the investigation of the distribution of 
“mathematical-physical” to the exclusion of the “bio- animals at best more than highly probable ? Are they not 
logical-historical,” He defines the task of geography as attained by the biological-historical-conclusive method? 
the study of the “interaction between the earth’s interior they capable of mathematical expression or certainty ? 
and the earth’s surface,” of the “ interaction of the forces Again, is it fatal to geography that it is too much for one 
connected with the earth's matter, and the arranging man ? Is any man equally master of all the methods of 
and rearranging— the development— of the earth’s matter any science? Dr. Gerland is hardly fair to anthropogeo- 
as a result of these forces in a word of “the earth as graphy. He says, “river and town are heterogeneous 
a whole,” the surface being but the expression of the in- conceptions which geography can never bind logically 
terior. He enumerates five “ geogjraphical disciplines”— together.” Surely a river may be viewed under two 
mathematical geography^ geophysics, Landerkynde^ geo- aspects— physical and human. It is part of a great circu- 
graphy of organisms, history of geography — and of these lation beginning and ending in the ocean, and it is an 
geophysics is the most important. He regards rnathe- obstacle or an advantage, according to circumstances, to 
matics, physics, and geology, as the sciences auxiliary to human communication. Lines of human communication 
geography, but mathematics as the least dispensable. He and points of human settlement are not heterogeneous 
agrees with the views expressed in England in 1887, in conceptions. 

laying down the difference between geology and geography But the real seriousness of Dr. Gerland’s contention lies 
as consisting not in the objects studied, which are to I in its results in education ; indeed here only is it important, 
a certain extent the same, but in the point of view from You cannot hedge in the original investigator ; you cannot 
which they are studied. After comparing the definitions j forbid him to cultivate the march-lands which sever the 
and programmes of geology according to Naumann, ; different fields of knowledge. You are only entiUed to 
Lapparent, Lyell, and Credner, he terms geography the : define what you expect of a geographical teacher and 
science of the forces of the earth as a whole {Krdfie : text-book. To exclude the human element would be 
der Gesammterde) ; geology, that of the structure of the fatal to the early or general learning of geography. None 
earth’s crust {Structur der Erdnnde), It should be noted but mathematical specialists have the preliminary know- 
that his Landerkunde is purely physical, the “special fodge needed for Dr. Gerland’s geography. It would be 
part of geophysics ” ; and that his geography of organ equally bad to have two geographies, one for the school- 
isms refuses to touch the organism man. He excludes master, another for the professor, for it is just because 
the human element, or, to use Ratzel’s term, Anthropo- tbe Universities have neglected this subject that the 
geographic, from geogiaphy, on the grounds that, while gchool teaching has been so ineffectual. Logically, 
geography is a science auxiliary to history, the converse 
is not true ; that geography would have two methods— 
the “mathematical-physical-exact ” and the “biological- 
historical-conclusive”; that mastery of the two methods 
exceeds the power of one man, and that, as an educa- 
tional discipline, geography loses force and logical co- 
hesion owing to the mixture of the two methods. He 
assigns •anthropogcography to the historian, whose point 
of view is that of the microcosm, man. 

Dr. Gerland claims for geography, as defined by him, 


mathematical geography should no doubt come first, but 
a teacher rarely does well to begin his teaching with the 
first principles of his subject, H. J. Mackinbeh, 


OUR BOOK SHELF. 

Gleanings from Japan, By W, G. Dickson. (Edinburg 
and London : W. Blackwood and Sons, 1889,) 

After an interval of twenty years, Mr. Dickson revisited 
Japan in 1883-84, and in the present volume he gives im 
account of what he saw* The book contains no very novel 



Ma;y 23, 1889] 

information ; so many travellers have lately recorded their 
unpressions of Japan that it would now be hard for a 
writer to present any part of the subject from a wholly 
new point of view. N evertheless, M n D ickson^s book is one 
of exceptional interest, for, having already been in Japan, 
and having carefully studied its history, he knew exactly, 
on his return, the kind of phenomena which it would be 
best for him to study. Accordingly, we find in his narra- 
tive that he fastens attention chiefly on what is really 
characteristic of Japanese life, and that he understands 
how to connect particular facts with the general ten- 
dencies of Japanese society. Mr. Dickson was, of course, 
greatly struck by the enormous changes which had taken 
place from the time when he had formerly visited Japan, 
and he adds largely to the value of his observations by 
steadily comparing and contrasting the conditions which 
came under his notice four or five years ago with those he 
had noted twenty years before. About Japanese customs 
and institutions, so far as they are of native origin, he 
writes in a kindly and appreciative spirit ; and he also 
finds something to admire in the effort of the educated 
classes to advance in Western learning and the acqui- 
sition of scientific information.” He declines, however, to 
commit himself to any very decided opinion as to the 
future of Japan. That she may have serious troubles in 
store for her he does not dispute ; but, if they come, they 
will, he thinks, spring altogether from internal causes, and 
he has sufficient respect for her rulers to suggest that 
they “ may have wisdom to avert a crash.” 

Statfes for Begi utters, By John Greaves, M.A. (London : 

Macmillan and Co., J8H9.) 

To simplify the subject of statics, and to make it attractive 
at the sam*; time, is by no means an eisy task, but the 
author of this little book has gone far towards succeeding 
in doing this. With the approval of several experienced 
teachers, the principle of the transmissibility of force has 
been discarded in favour of the ordinary method. The 
parallelogram of forces is deduced from the laws of 
motion, Duchayla's proof being given as an alternative. 
The definitions are admirable, and the various proofs are 
as simple as they well can be. 

The examples are progressive and very numerous, 
typical ones being fully worl^ed out. 

The book is admirably adapted to serve as a stepping- 
stone to the larger treatises. 


LETTERS TO THE EDITOR, 

iThe Editor does not hold himself responsible for opinions ex- 
pressed hy his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous eommunications, ] 

The Structure and Diitribution of Coral Reefs. 

* As I have had no personal experience of coral >reefs I do not 
wish to touch more Ihfin the liierary side of the controversy, 
but, in regard to this, Mr. Guppy's letter in the last number of 
Nature (p. 53) obliges me to call attention to the fact that 
the “90-fRthom reef” which he mentions is not at Socotra, hut 
at Rodrigues. Also that, apart from Mr. Guppy, J found little 
evidence of " igntjrance of the depths in whicn coral-reefs may 
form.” On the contrary, there appeared to be a remarkable 
concurrence of testimony on the part of observers that, though 
occasionally a reef- building species may be found alive at depths 
greater than about 25 fathoms, this bathymetric limit for the 
growth of reefs, assigned by the earlier observer5>, is sufficiently 
accurate fbr all practical purposes. 

It seems, then, to me that, with the evidence before us, the 
mtus prtfbandi of the supposition that a reef may commence at 
any depth which the exigencies of a particular case require, 
tests on Mr. Guppy /this done, no theory of coral-reef forma- 
tion is needed —they may grow anywhere). But, till he can 
establish this hypoi helical but fundamental proposition, MasA- 
ttterhu Islard h a fact for Dai'um, , T. G. BonnEY., 
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The Turtle-headed Rock Coi. 

A RARE specimen of the turtle-headed rock cod {Glyptauchen 
panduratus) has just come into the hands of Mr. J. Douglas 
Ogilby, of the Ichthyological Department of the Australian 
Museum at Sydney. This extraordinary fish belongs to the 
family of the red rock cods. Not many years ago these fishes 
(the red rock cod and its allies) formed a |xirt of a most miscel- 
laneous collection of species, which, under the general title of 
Tnglida:, included the true gurnards {'fngia /.fpidotrigla), 
the flying gurnards {Dactylopterus), and the fl At- heads {Platy- 
cephalas). In i8fio, however. Dr. Giiniher wisely separated 
these fishes from the Iriglida, which family he broke up into 
four distinct groups. The first of these, named by him Scorfai- 
nidte, is that to which the specimen just captured at Sydney 
belongs. AU the ScorpicnidiC are carnivorous marine fislies, most 
of which live at the bottom of the sea, and are generally provided 
with a powerful armature of the head and fin spines ; while many 
possess skinny appendages on the head and body variously de- 
veloped, which, owing io their resemblance to the fronds of sea- 
weeds, serve the double purpose of enabling them the more easily 
to obtain their food, and the more effectually to conceal them- 
selves from their enemies. As they are mostly of a small siite, 
this latter point is evidently of no .‘'light value, because, being 
slow, lazy fishes, they wouKl, without some such means of pro- 
tection, be unable to cope with their swifter antagonists. Nature 
has additionally protected this family by enabling it to vary its 
coloration according to any change of locality which it may be 
necessary to make, so as, chameleon like, to fit itself for atlapta- 
tion to the various phases of life under which it maybe called on 
to exist- The genus Clypiau hen, of which the ‘'pecies just 
received by Mr. Ogilby is the sole representative, was separated 
in i860 by Dr. A. Gunther from the Cuvierian genus Afisius, 
for the reception of a fish from King George’s Sound, Western 
Australia, described many years ngf) by .Sir John Richardson 
under the name of A. panduratui,. Jt has since been recorded 
from Port Jackson (Sydney), and the present specimen comes 
from Manly Beach, a few miles to the north of Port Jackson. 


Atmospheric Electricity. 

VoUR correspondent, Mr. C. A. C. Bowlker, will, probably, 
bo interested to learn that an electrical discharge, exactly similar 
to that which he recently experienced on the Glydvr Fawr 
(?“ F.lidyr ”) was described Uy the late U>‘. Mann, anti by Mr. 
K. CL Smith, in the Quarterly Journal of the Meteorological 
Society for October 1875. 

Mr. Smith was engaged in August 1865 in a'Cending the Lin- 
guard Mountain from Pontresina, when his party was overtaken 
by bad weather. They reached the summit, however, and found, 
at one end of the ridge of which it consists, a fi ig-staff tipjied 
with an iron point, and, at the other, a flat metal disk, sciving 
to indicate bearings. Snow was falling, and nothing was visible 
except mist, hut the otherwise death like stillness of the spot 
was broken by a strange, intermittent noise, resembling the 
rattling of haiLtones against the panes of a wdndow. A careful 
investigation of the cause of this noise soon made it apparent 
that it proceeded from the flag staff, and was due to the passage 
of a conlinuous electrical discharge from the cloud in which the 
summit was wrapped.” 

.\fier a lime, the party, although, by Mr. Smith’s own 
admission, “alarmed,” held their alpenstocks, points up- 
ward, ill the air, and, at once, each became conscious of 
an “electrical discharge passing through him, and causing a 
throbbing in the temples and a tingling in the linger- ends. The 
noise was still vigorously proceeding when, after three-quarters 
of an hour's slay, Mr. Smith and his party left the summit,” 

1 called attention to a somewhat similar phenomenon (“ An 
Engineer’s Holiday,” vol. i. p. 204b which I experienced on 
crossing the divide separating Central City from Idaho 
Springs, Colorado, the height of the ridge being r 0,000 feet 
above seadcvcl. 

There w’as thunder, and “it was raining, but without 
lightning, as we neared the divide, when I felt a tickling 
sensation on the backs of my hands, Presuming that a dis- 
charge w'As taking place between our bodies and the cloud, I 
tried 10 increase its intensity by holding my wet umbrella, point 
upwatds, above the waggon, Thi*', at once, produced distinct 
sensations in the hand and arm, the driver remarking, ‘f)h ! 
that’s common enough here, though many don’t know wnatit 
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and others don't notice it.’ This man was very ncrvotis about 
crossing the divide at all while it was thundering, and jdainly 
&aid if there was lightning he must wait for fair weather." 

Possibly, sound might have nc com i’ anted this discharge, but 
I'be noise of our wheels would have drowned it. 

Holmwootl, Putney Hill, May 19. Daj^. PiUt;fc.oN. 

Rain-Clcuds. 

The rain-cloud which Mr. A hercromhy sketches in. Natuke 
of May 2 (p. 12) is c-ften seen in Upper Austria in sutmuer. 
1 have given a rough sketch of these thunder clouds in the 
Austrian Jourtiai^ vol. viii., 1873, \\ 104. 

Vienna, Hohe VVarte 38. Julius Hank. 


THE MUYBRIDGE PHOrOGRARHS} 

M r. MUYBRIDGK is of English birth, a citizen of 
the Great Republjc, and a professional photo- 
grapher. Eong before he applied his knowledge and 
skill to the subject of instantaneous photography of 
moving animals and human beings, he had obtained 
recognition by his work in producing valuable view^s of 
Californian scenery, of Panama and the West Indies. 
In 1872 he made the first lateral photograph of a horse 
trotting at full speed, for the purpose of settling a con- 
troversy among horsomen as to “ whether all the feet of a 
horse while trotting were entirely clear of the ground " at 
at any one instant of time. It was not until 1877, how- 
ever, that he conceived the idea that animal locomotion, 
which was then attracting considerable attention through 
the experiments 0/ Prof. Marey, of the College dc France, 
might be investigated by means of instantaneous photo- 
graphy, wiih results of value both to the artist and to the 
naturalist. 

Marey’s investigations were made by means of elastic 
cushions, or tambours^ which were placed on the feet 
of the moving animal, and connected by flexible tubes to 
pencils writing on a chronograph. A record of the im- 
pact of each foot on the ground was thus obtained, and 
important information was deduced from these records 
as to the succession of footfalls and the time-intervals 
separating them in the various “gaits” of the horse. 

Mr. Muybridge proposed to settle this and similar 
problems once for all by a complete and demonstrative 
graphic method. He arranged a number of cameras 
side by side, parallel to the track along which a horse was 
to be ridden. Each camera was provided w ith a specially ' 
contrived “exixiser” (the word suggested by Mr. Muy- . 
bridge in place of shutter"), which could be let go by 
the pulling of a string. The strings conne- ted with the 
“ exposers " were placed across the path of the horse, so | 
that they must be bioken by him successively in his pas- j 
sage. At the instant of the breaking of the string, the I 
exposer was brought into play in the corresponding ! 
camera, and thus ihe horse was photograplied in a sue- | 
cession of intervals of about 14 inches, representing, 1 
according to the rate of progress on of the horse, a time- ; 
interval of more or less ihim onc-tw'entieth of a second. 

In this way, in 1878, with the wet plates then in use a ’ 
few sets of horses moving with various gaits were taken by > 
Mr. Muybridge. The results were astonishing and con- 
clusive. Tlicy w'crc published at the expense of Mr. 
Leland Standford. under the title of ** *rhc Horse in ; 
Motion," and were exhibited in Europe in 1882 by Mr. 1 
Muybridge, together with other photographs taken in ; 
1879. The reception which Mr. Muybridge met with on | 
hU visit to Paris and London was a great encouragement j 
to him to proceed with his work. Meissonier, the great 1 
French painter, was enthusiastic in his admission of the 
value of the photographs as a guide to the observation 
required for all true artistic work, and the story goes that 

‘ ‘‘Aninwl Locomotion: up Electro- photographic InveetkjfaUon of Co«- 
Htonivv Phaaes of Animfil M ventopttt," ^ Uy Eai^^c^rd Muybridge. 

' (Pttblbhtfd under the aujipket of die I ntvmity of l^enneylvanla, tSSS.) 


a particular attitude of the horse presented by him k% 
one of his best knowm pictures which had been ob^cted 
to by the critics as unnatural, was demonstrated by the 
Muybridge photographs to be peifcctly correct. The 
series of little black silhouettes ^ which were at th^ time 
the form in which Mr. Muybridge obtained his pictures, 
w'cie so contradictory of all preconceived notions as to 
what were the actual phases of attitude passed throqgh 
by a trotting or a galloping horse, and so difficult to re- 
concile with the conventional representations of what is 
of course a totally different thing, viz. what w'e see when 
a trotting or galloping horse crosses our field of vision,, 
that Mr. Muybridge determined on hG return to America 
in 1883 to pursue the subject, and to apply improved 
methods of photography to the study of the rapid move- 
ments of a variety of animals and of man. The new 
dry plates now made it possible to obtain in exposures of 
1/5000 of a second and less an amount of detail which was 
previously impossible. New' automatic methods of regis- 
tration and exposure wore to be employed, laigcr pictures 
obtained, and the selected series printed without re-touch- 
ing by a permanent photogravure process. The funds 
necessary to carry out this scheme were beyond Mr. 
Muybridge’s own resources, and he for some time failed 
to obtain the necessary aid from any pubh^jher or scientific 
institution. A Committee of the University of Pennsyl- 
vania thereupon came forward and placed J^6ooo at Mr. 
Muybridge's disposal, solely on condition that the first pro- 
ceeds of the sale of the photographs when ready for publica- 
tion should be assigned to the reimbursement of this sum. 
The words of Dr. William Pepper, the Provost of the Univer- 
sity, in recordirg this most w'orthy action, are remarkable, 
and ably state that conception of the part of the University 
in the life of the Stale which we have so often advocated 
in these pages. “The function of a University," says 
Dr. Pepper, “is not limited to the ineic instruction of 
students. Researches and original investigations, con* 
ducted by the mature scholars composing its Faculties,, 
are an important part of its work; and in a larger concep- 
tion u( its duty should be included the aid which it can 
extend to investigators engaged in researches too costly 
or elaborate to be accomplished by private means. When 
ample provision is made in these several directions, we 
shall have the University adequately equipped and pre- 
pared to exert fully her great function as a discoverer 
and teacher of truth." 

As a result of the action of the University of Pennsyl- 
vania in providing Mr. Muybridge with the means to 
carry out his experiments, w'e have a really marvellous 
set of {jIates—781 in numbei— each containing a series- 
of from twelve to thirty pictures representing successive 
instantaneous phases of movement. About 500 of the 
plates represent men, women, and children, nude and 
semi-nude, in successive phases of walking, running, jump- 
ing, dancing, bathing, fencing, wrestling, boxing, and other 
such CNcrcites. 'Jlie rest of the plates give similar studies 
of the various gaits of horses, asses, mules, oxen, deer, 
eleplmnts, camels, raccoons, apes, sloths, and other quad- 
rupeds, as well as of the flight of birds. Many of these 
photographs have been, this spring, exhibited in Lohdon 
by Mr. Muybridge, projected on the screen by electric 
liglit — at the Royal Society, the Royal Institution, the 
Royal Academy, and the South Kensington Art Scnook 
The whole series can now be obtained by those who- 
desire to possess them, and to assist the University of 
of Pennsylvania by bearing a portion of the expense of 
their production. Series of not less than one bundled 
plates arc also to be disposed of, and may be seen on 
application to Mr, Muybridge, who is at present in London^ 

The interest which these photographs present from the 
scientific point of view is threefold : — 

(A) They, first of all, are important as examples of a 
very nearly perfect method of investigation by photo- 
graphic and electrical appliances. 
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(B) Jbey have also a great value on account of the actual 
iacc« of natural history and physiology which they record. 

(C) They have, thirdly, a quite distinct and perhaps 
tWr most definite interest in their relation to psychology. 

It seenis, indeed, that the most interesting problems 
which are brought before us in the Muybridge photographs 
of the galloping horse are not so much those of animal 
locomotion itself as these, viz. how is it that this (which 
is demonstrated by the photograph to be the actual senes 
of attitudes assumed by the galloping horse) has given 
rise through the human eye and brain to the conventional 
representation with outstretched fore and hind legs ? Can 
the conventional representation be justified ? If it can- 
not, what do we really .wi' as opposed to what really ts ? 
What is the objective fact- -the brain-picture— as opposed 
to the objective fact the sun-picture r for it is the former 
which the painter struggles to reproduce. Here, in fact, 
science and art are absolutely united in one common 
search after truth.' On this subject 1 hope to say more 
in a subsequent article. 

With regard to the method and apparatus employed by 
Mr. Muybridge in the piesent series of photographs, it is 
to be noted that they are different from those employed 
in 1878-79, As in his earlier photographs, so in the 
later series, Mr. Muybridge^s object was to obtain suc- 
cessive clear and separate pictures. In this respect his 
method differs altogether from the simpler and much 
cheaper one used by Marey since the publication of 
Muybridge’s first results. Marey’s method is, no doubt, 
efficient, and in a certain sense sufficient, for the purpose 
of determining some the main facts as to the phases 
of the limbs in locomotion. The object to be studied 
moves in sunlight before a dark background. A photo- 
graphic camera faces it. A large disk with one or more 
openings in it is rapidly revolved in front of the lens. 
Vvhiist the opening is passing the lens, the moving object 
is photographed ; then there is darkness in the camera 
until an opening again passes the lens. The moving 
object has now a new position, and is photographed anew 
on the same plate ; ana so on, again and agiiin, as often as 
required, or until the object has moved beyond the range 
of the plate. 7 'hus on the same plate are developed a 
series of images, readily compared and faithfully depict- 
ing phases of the movement studied at definite intervals 
of time. The advantage of this method consists in the 
<;implicity of the apparatus required ; its defect is that 
with rapidly moving objects the amount of light neces- 
sary is not easily obtained together with a sufficiently 
dark background. 

Mr. Muybridge’s perfected apparatus consists of three 
batteries, each of iw'elve (or more) cameras. One battery 
is parallel to the track, a second looks updt from behind 
the moving object, a third faces the moving object Each 
camera is provided with a specially contrived “ exposer ” 
or shutter (so called) which is “ let off " by means of an 
electric current. The exposure thus given is as small as 
the 1/5000 of a second. 'I’he electric connection is such 
that in -each of the batteries A, B, C, a camera, A r, is 
expoiM^ absolutely synclironously with cameras Bi and 
Ci. $0, too, with regard to cameras A2 B2, and C2, and 
with rest up to A 12, B 12, and Cra. Each exposure 
tos gives a group of three synchronous pictures record- 
ing lateral, fore, and hind views of the moving object. 
The intervals between the exposures of the successive 
trios of cameras, ABCi, ABCa, ABC3, &c., is determined 
by the rotation of a wheel carrying a metallic brush in 
front of A circular plate, on the ' circumference of which 
arc placed equidistant metal studs, one connected with 
the wires going to each trio. The circuit is completed by 

* Mr. Fnitlciii GaltOn, in NATOne, vol xxvl. p. awB, hfts mad# a 
WCMtitth on thift jMibj«ct^.-which ib remitd by Mr t>« 4 rKe Srl^^U 111 the 
m itSa — KJtha th^ if» nrain-iniotiirt eon-dstB of 0 Wending 

of eicttiisi m o'f hind lioibciufid the fare Umbsi, 
™cfr, AahouXh dor actitltfly ecnAcMent in tinw, are Ijngoit ill duration of 
-all ftasMd ihrough. 
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the contact of the metal studs with the moving metallic 
brush. The wheel can, by a special mechanism, be 
rotated so that a revolution is effected in one second or 
in any fraction of a second. During one revolution the 
twelve studs make contact at equal intervals of timci and 
tw’elve groups of three photographs each, exposed for the 
1/5000 of a second and separated from one another by 
one-twelfth of. the time occupied by a revolution, are 
taken. Usually, Mr. Muybridge found it convenient to 
set the wheel so that it should rotate at such a rate as to 
give 1/30 of a second between the contact of the twelve 
studs, but longer intervals were also employed, behind 
the track along which the object was made to move was 
a black screen divided by white threads into squares of 
about 2 inches to the side. The bright sunlight of the 
open space was the illuminating agent, no artificial light 
being sufficiently powerful. A full account of the appa- 
ratus will be found by those specially interested in the 
subject in a book published by Lippincott Company of 
Philadelphia in 1888, entitled “ The Muyl)ridge Work at 
the University of Pennsylvania — the Method and the 
Result." Enough has been said here to give an idea of 
the perfection attained in the apparatus. 

With regard to the results, in the form of facts recorded 
of interest to the naturalist and physiologist, it is not 
easy to speak in the brief space at iny disposal. The 
branch of inquiry opened out by this method of instan- 
taneous photography is in its infancy, and general i^iat ions 
of any consequence can hardly be looked for present. 
The questions to be answered -the hypotheses which it 
will be necessary to test - have not yet been formulated. 
What we have in Mr. Muybridge’s published plates is a 
number of individual studies. By far the most complete 
investigation is that of the various gaits of the horse, 
which may be considered as very nearly exhaustive. An 
interesting generalization which perhaps might have been 
arrived at without the aid of the camera but could not 
have been clearly demonstrated without it- is that the 
walking gait of all Mammalia is the same, including the 
quadrupedal crawl of the infant man, and the progression 
of the sloth as it hangs from a horizontal pole. An 
apparent exception to this rule is found in the baboon, 
which instead of extending one pair of ‘‘diagonals"^ 
simultaneously and then bringing them together beneath 
the body whilst the other pair is extended, exhibits the 
siinuUaneoiis extension of a lateral pair followfecl by their 
approximation whilst the opposite lateral pair aro ex- 
tended. The analysis of various gaits involves many 
points besides the mere swing of the limbs, the most 
obvious and important of which are the succession of the 
footfalls, the weight of impact, and its exact period (which 
need not coincide with visible contact of foot and ground), 
the exact mechanical value of the complex stroke given 
by the limb, and the exact period at which it is applied 
(which need not altogether coincide with that part of it given 
by the foot as it leaves the ground). Another factor to be 
studied is the rotation of the various segments of the limb. 

Information and suggestion on these points are fur- 
nished by the photographs, but it is by no means to be 
supposed that it is possible that once for all these prob- 
lems can be settled by any set of photographs, however 
elaborate. The turning of the tiuill-feathcrs of the bird’s 
wing during the upward movement or recovery of the 
wing, so tltat they cut the air instead of pressing it with a 
broad surface, is one of the prettiest demonstrations 
which Mr. Muybridge has obtained. That such a move- 
ment takes place seems to have been observed by the 
ordinary man, in the remote past, for the word ‘‘ feather- 
ing,^' applied to the similar movement of an oar in rowing, 
implies a knowledge of the setting of the feathers in the 
upward movement of the bird’s wing. * 

* The ** al>c ihe riaVitfoiT hmVi and the liifl hind limb, and the 

fore limh and the WntPimh ; itic ” (tre tli« right fore and 

hind limb* and iha left Lrt and hind liitdis 
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Whilst the photographs furnish abundant material for 
the further study and consideration of the normal move- 
ments of a variety of animals and of man, there are some 
in the scries which are especially suggestive of new lines 
of research. Amongst these are the series illustrating 
locomotion in man in diseased conditions, such as loco- 
motor ataxia, and lateral sclerosis. A distinct line of 
scientific inquiry is suggested by those photographs which 
represent men, women, or children, in the course of 
movement which is associated with emotion. A new 
chapter in Mr* Darwin's “Expression of the Emotions'^ 
could be written by the aid of some of these scries, and a most 
interesting line of investigation, to be followed up by new 
photographic analysis, is indicated. Not only is the play 
of facial muscles connected with the series of emotions of 
the base-ball player recorded in half a dozen pictures 
taken between the moment of raising the bat and striking 
the ball, but in other photographs we have unconscious 
expression of mental condition exhibited by rapidly 
transient movements of the whole body. These are 
especially noticeable in the series of a na’:ed child ap* 
proaching a stranger in order to offer to her a bunch of 
flowers, and in the three or four phases of movement of 
the young woman springing from her bath after she has 
been unexpectedly “ douched ’ from head to foot with a 
bucket of ice-cold water. 

It is clear enough that the correlation of movements of 
facial and limb muscles in the expression of emotion can 
be best studied by such instantaneous photographic 
series as the Muybridge publication contains ; and, as 
Darwin, with his marvellous insight, showed, such study 
of emotional states furnishes some of the most important 
evidence with regard to the relationship of man and 
animals. 

It is no doubt true that the immediate result of Mr, 
Muybridge's work, from the scientific point of view, is the 
desire which they evoke to apply this method systematic- 
ally and experimentally to a variety of subjects of investi- 
gation. The present pictures have great value, and many of 
them great— indeed astonishing - beauty {e.}*. the wrestling 
boys). They should be purchased by those who can afford 
them for the purpose of bearing a share in the expense of 
so important an experiment as that set agoing by the 
University of Philadelphia. But we should like to see 
the batteries turned on again, and a number of new sub- 
jects investigated. Terrestrial locomotion has been 
gradually developed through an amphibious transition 
from aquatic locomotion. The movements of fishes, of 
tadpoles, salamanders, turtles, and crocodiles should be 
included in the scope of any study of vertebrate limb- 
play. But even more necessary is it that in future the 
scientific method, of theory, test hypothesis, and experi- 
ment, should be followed in the application of the photo- 
graphic batteries, so that each set of photographs may 
definitely prove some particular point or points in the 
orderly development of a general doctrine. 

For my own part, I should greatly like to apply Mr. 
Muybridge's cameras, or a similar set of batteries, to the in- 
vestigation of a plienomenon more puzzling even than that 
of “ the galloping horse. " I allude to the problem of “ the 
running centipede.** I have a scries of drawings made from 
large West Indian specimens which 1 kept alive for some 
time in my laboratory at University College. At the same 
time I made drawings and recorded as well as 1 could the 
movements of the legs of Peripaius captftsisy which was 
also (through Mr. Sedgwick's kindness) living in my 
laboratory. I am anxious to cpmpare with these move- 
ments the rapid rhythmical actions of the parapodia of 
such Chaetopods as Phyllodoce and Nephthys on the one 
hand, ancj the curious ‘*gait'* of the Hexapod insects, of 
which Prof. Lloyd Morgan has already written a few 
words in Nature. Passing on to scorpions and spiders, 
and then to shrimps, lobsters, and crabs, we should 
eventually possess the outlines of an investigation of 


Arthropod locomotion. There is no doubt that the Muy- 
bridge battery would be the one effective means of study in 
the case of the centipede and marine worms, although in 
some cases a good deal may be done by intent observation 
and hand-drawn records. Thedifficultyofthis investigation, 
and the disastrous results in the way of perplexity which 
follow from too close an application to it without the aid 
of Mr. Muybridge, is set forth in certain lines, the author- 
ship of which is unknown to me or to the friend who 
kindly sent them to me on hearing that I was studying 
the limb' play of centipedes. May 1 be pardoned for 
quoting them, and associating in this way fancy with fact, 
whilst expressing the hope that Mr. Muybridge will take 
steps to prevent any such catastrophe in the future as 
these lines record ! 

A cenlipcdc was happy— quite ! 

Until a toad in fun 

Said, Pray wliich leg moves after which ? “ 

This raised her doubts to such a pitch, 

She fell exhausted in the ditch, 

Not knowing how to run. 

E. Ray Lankester. 


ON THE DETERMINATION OF MASSES IN 
ASTRONOMY. 


I N the Amtuaire du Btireau dcs Longitudes for 1889 
occurs an interesting article by M. Tisserand on the 
methods employed in the measurement of the masses of 
the heavenly bodies. The writer begins with an explanation 
of the elementary principles leading to the law of Newton 
that ait bodies aiiract one another with a force which is pro- 
portionai to their masses amt hiversety as the square of the 
distance betxvecn them. He proves, in a popular manner, 
that this force is equal to the product of mass into 
acceleration ; and therefore, speaking theoretically, to 
compare the masses of two bodies it is only necessary to 
apply directly to each of them the same force ana to 
measure the acceleration produced ; or, if a body be 
placed in succession at the same distance from the sun 
and the earth it will be attracted towards each with a 
force which is proportional to their masses. Hence, 
since the space traversed by a body is directly pro- 
portional to the acceleration, if during the first second 
the body fell 330 metres toward.s the sun, and i milli- 
metre towards the earth, it would be obvious that the 
sun had a mass 330,000 times greater than the earth* 
Similarly, by applying the law of inverse squares, 
the relative masses of the sun and earth might be 
found when the distance of the body from each was 
not the same. We find that the earth falls towards the 
sun io‘6o metres in a minute, and that our moon falls 
towards the earth 4*90 metres in the same time. But the 
earth is 386 times nearer the moon than it is to the sun. 


so con*ecting for difference of distance we get « 

(380)^ 

0 0000328 metre as the fall of the moon tow^ards the earth in 
a minute. Therefore the sun's mass js to the earth*s mass 
as 10*6 is to 0 0000328— that is, 1/323,000. This method 
is, however, dependent on our knowledge of the distance 
of the sun and moon. The same calculation may be 
employed, without modification, to find the mass of a 
planet having a satellite. Kepler’s third law is used for 
expressing the mass m of a planet in terms of the sun’s 
mass M. The formula being ; — 



where a is the semi-major axis of the planet’s orbit 
and T the lime of revolution round the sun ; a* and T 
representing similar lei ms lor the satellite. 

In the case of Jupiter, observations of the four salelliies 
may he made and the mean result taken. A recent de- 
termination by M. Sebur gives the value 1/ 1047 232 aa 
compared with the sun. 
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Saturn^s mass has been obtained from observations of 
its two largest satellites, Titan and Japetus. Bessel’s re- 
searches made it 1/3502, whilst Struve found a value 
1/3498. This gives roughly the fraction 1/3500 as the 
planet's mass. 

Newcomb deduced, from observations of the four 
satellites of Uranus, a mass 1/22,600, and by observa* 
tions of Neptune’s one satellite found a value 1/19,380 
as the planet’s mass. 

Before the discovery of the Martian satellites by Hall, 
the mass of the planet was a matter of great uncertainty. 
The discoverer’s observations of the satellites led him to 
assign 1/3,100,006 as the mass of Mars, a result probably 
not far from the truth. 

T/i£ Afriss/^s of Planets without Satellites. 

For the determination of the masses of Mercury and 
Venus a cliiVerent and much less exact method of proce- 
dure is used. If the masses of Venus and the earth were 
known, the perturbations they would give to the motion 
of Mercury could be easily calculated. Let the orbit be cal- 
culated which Mercury would have if it existed alone with 
the sun, and then let its true path be found. By compar- 
ing the two paths the disturbing effect of Venus and the 
earth may be also found. In a similar manner the cal- 
culated and true paths of Venus may be compared ; the 
disturbing masses being Mercury and the earth. In this 
way a series of equations is obtained from which the 
masses of Mercury and Venus may be isolated. The 
result in the case of Mercury is 1 '5,000, cxx>. 

7 he Mass of Jupiter. 

M. Tisscrand gives a full discussion of the methods 
of determining Jupiter's mass, which, being so consider- 
able, shows itself in its effects upon many bodies of our 
system. 

Beginning with comets, he quotes the comet of Lexell 
as a typical case. In 1769 this comet approached very 
near to Jupiter, and by the planet’s action was brought 
within our range of vision and given a period of 5lj years. 
Its return in 1776 could not be observed, and before 
another revolution could be completed, viz. in 1779, the 
comet was .shown by Lexell to have again approached 
very near to Jupiter, nearer than the fourth satellite. 
The probable result was that the elliptic orbit was trans- 
formed into a parabolic one by the predominance of 
the planet’s attraction over that of the sun, and the comet 
left our system, never to return. 

From observations of the perturbations of Winnecke’s 
comet, M. de Haertl found Jupiter’s mass to be t; 1047*175, 
whilst Faye’s comet gave the value 1/1047*788. 

Some of the asteroids approach very near to Jupiter, 
amongst these are Themis, Pales, and Hilda, 
and from observations of the motion of Themis the planet’s 
mass has been found 1/1047*538. Estimations have also 
been made by observations of the perturbations of Saturn, 
but, since the necessary series should cover a cycle of 900 
years, and only 120 years are available, the method is not 
yet very exact. This accounts for the anomalous result 
1/1070*5 found by Bouvard in 1821. 

It is also mentioned that Airy, from 7832 to 1836, ob- 
served the motion of the fourth satellite and found for 
Jupiter a mass 1/1047*64, whilst Bessel ia 1841 found 
1/1047*905. 

The following ai-e the masses of the planets given by 
M. Tisserand, with the earth as unit ; — 


Mercury 

... Vfl 

Jupiter ... 

3*0 

VenuM 


Saturn ... 

93 

The Earth 

I 

Uranus ... 

... 14 

Mars 

... iV 

Neptune ... 

17 


Cavendish’s method for determining the mean density 
of the earth is next explained, and it is showathat, know- 
mn; the relative masses of the planets as given in the 
above table, we may express their weights in pounds. 


Determination of the Masses of Asteroids. 

Some pages are devoted to a discussion of these small 
bodies. It has been found that the effect of each asteroid 
is to giA'c a motion to the line of apsides of Mars’s orbit. 
The sum of these effects is the same as would be pro- 
duced by taking a mean orbit of all the asteroids and 
distributing them uniformly in it. Leverrier made a cal- 
culation on the assumption that the total mass of the 
asteroids was equal to that of the earth, and he found 
that, if they had a mass only equal to one fourth that of 
the earth, Mars would be disturbed by an amount 
clearly perceptible to us. M. Swedstrup has found the 
assumption too high, and has calculated that the 
sum of all the asteroids known up to Augu.st 1880 
is only about 1/4000 of the earth’s mass, or about 1/50 
that of the moon. Three comparatively large asteroids 
have had their diameters measured. Sir W. Herschel 
found the apparent diameter of Ceres and Pallas to be 
o' '35 and o"‘24 respectively ; the equivalent in kilometres 
being 250 and 170 For Vesta, Madler found an ap- 
parent diameter o"‘65, or 470 kilometres. If these bodies 
be supposed to have the same density as the earth, their 
proportional masses will be found “Cores, 1/130,000; 
Pallas, i/420,cxx>; Vesta, 1/20,000. By photometric 
means, the diameters of these asteroids have been deter- 
mined by Prof. Pickering, and also of some much smaller, 
such as Eve, with a diameter of 23 kilometres, and 
Menippe, whose diameter is only 20 kilometres, being 
no laiger than the meteorites met by the earth daily. 

Determifidtion of the Masses of Satellites. 

The method of determining the mass of our satellite 
based upon the fact that it is the common centre of 
gravity of the earth and moon, and not the earth itself, 
which moves in an elliptic orbit round the sun, is fully 
explained by the writer. By means of it, the mass of 
the moon has been found 1/81 that of the earth. Ob- 
servations of tl)c proportion of lunar to solar precession, 
as well as lunar and solar tides, also furnish a means of 
determining the moon’s mass. 

Masu's of Jupiter^ Saieiiiies. 

These bodies, so proportionally small, the greatest 
being only j/i 0,000 of the planet’s mass, cannot have 
their masses accurately determined by the measurement 
of the angle subtended by the line joining the planet to the 
common centre of gravity ; for, since the line Joining the 
planet to its satellite is divided into parts inversely pro- 
portional to iheir masses in (jrder to find this point, the 
line in question is very small. Hence the best method of 
determining the measures of the satellites in tliis case is, 
according to M. Tisserand, by measurement of the dis- 
turbances upon each other. This method was propounded 
and worked oul by Laplace w'ith the following results, in 
terms of J upiter’s mass : — 

1 St satellite , 1/59,000 | 3 id satelUlc ... i/u,cx>o 
2nd ,, ... 1/43.000 I 4th ,, ... 7/23,000 

This proportion would give the third satellite a mass 
about double that of our moon. 

The Satellites of Saturn. 

Titan, as its name suggests, is the largest of the family, 
and consequently exercises a considerable influence over 
the others. Prof. Hall found that under its action the 
major axis of Hyperion’s orbit made a complete revolu- 
tion in about eighteen years. Newcomb, Tisscrand, 
Stoncj and Hill have each investigated the mallei^ but it 
is mainly due to the two latter observers that Titan’s 
mass has been found 1/4700 th'at of Saturn. Prof 
Pickering has compared the diameters of the other satel- 
lites with that of Titan by photometric means, and, if 
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they all hs^ve the savicie density, the following numbers 
represent their masses, Saturn's mass being unity I 

j/5Qp,ooo I Rhea 1/32,000 | 

; 'Enceladtts ... 1/270, OOD j Hyperion i/i,8oo.coo 

'Tcthys 1/75,000 Japctus ... 1/110,000 ! 

iJ>ione 1/85,000 I ; 

The mass of Saturn's rings has Vjoen found 1/620 that of ' 
the planet by observations of the rotational movement | 
which it imparts to the major axes or line of apsides of 
the satellites. 

The masses of the satellites of Uranus and Neptune are 
not known tp any degree of accuracy. The two satellites 
of Mars UaVe had their masses deduced from photometric 
measures, but they are so small — about 10 kilometres in 
diameter, being no larger than the smallest known 
asteroids— t’lat the numbers found cannot be very exact, 

M(%sscs oj some Stars, 

M. Tisserand rightly gives a dissertation, full and clear 
withal, of this subject. Sir William Herschel was the 
discoverer of the relative motions of binary stars in 1802. 
The obvious conclusion from such a discovery was that 
the laws of gravitation were universal. Truly, it was 
not logical to make such an assumption^ and some 
objections have been raised, but the onus probandi rests 
with those who doubt it. In considering the motions of 
the components of a binary star sybtem, it must be re- 
membered that they revolve round a co:rimon centre of 
gravity. It is usual, however, to consider the principal 
stars as fixed, but augmented by the mass of its satellite, 
the latter having an orbit which is the mean of the two. 
Knowing the tall of the satellite to its primary in one 
second, we may calculate what it would be if at the same 
di»lance from it that the earth is from the sun. But w^e 
kiwjw by how much the satellite would fall towards the 
sun, sin:e it would fall as the earth. Hence the considera- 
tion of the two falls will give the sum of the masses of the 
stars in terms of the sun's mass. 

The following is the formula employed : — 

PI + m' ^ f . 

M \ 7 ) ' ' 

m and vV are the masses of the two stars ; M that of the 
sun ; a is the angle, expressed in seconds, which is sub- 
tended at the earth by the semi-major axis of the satelSiies 
orbit; p is the “ annual parallax " of the binary group 
expressed in seconds ; whilst T is the time in years of one 
revolution of the satellite. These are the numbers that 
have been obtained for four groups, the distances of which 
from the earth arc known : - ■ 


Star 

l\n: 01 ax. 

Magnitude. 

Sum of 

a Cenlauri 

o"Sj 

1 

1 8 

Ca'-siopeice 

,, o'i5 

4 

8*3 

70 p Ophiudu .. 

o"i/ 

4'5 

2‘S 

0 * Jiraclini 

0 ’22 

4‘5 

10 


Sirius and its Companion, 

The article concludes with a complete history of the 
work which suggested the existence of a companion to 
Sirius. Bessel had determined the proper motion of 
thirty-six stars by observations of their right ascensions 
and comparing with Bradley’s, but he found that in the 
case of Sirius the hypothesis of a uniform variation was 
irreconcilable with them, and suggested that the irregu- 
larities might be produced by the action of some obscure 
body. As a proof that obscure bodies exist in the beaveits, 
the case of Tycho Brahe’s Nep^a is quoted, this being a 
star which suddenly appeared in Cassiopeia in 1573? 
then gradually disappeared without change of plnce. After 
Bessel'S death Peters found that it was possible to account 
for the irregularities by the supposition that Siriua de- 
scribed an orbit in fifty years whose eccentricity was 
about 0*8. Safford, in 1861, from a discussion of th» 
dedinations of Sirius, came to the same conclusion as 


Peters ; whilst Auwers, in 1862, after investigating ahoxit 
7000 right ascensions and 4000 declinations, found the 
time of revolution to be forty-nine years, and the eccen- 
tricity o’6oj. At the same time as Auwers was engaged 
with his calculations, A! van Clark discovered a small 
star only about 10" from Sirius, which appeared to be the 
companion. h'vUure considerations supported the swnisc, 
and proved that this body was precisely what was re- 
quired to account for the orbit of Sirius round the 
common centre of gravity. 

If Clill’s measure of the parallax of Sirius be taken as 
correct, viz. o" 38, the sum of the masses of the two stars is 
equal to 4 4 that of the sun. Sirius has about twice the 
mass of its companion, and they are separated by a dis- 
tance a little more than twice the distiince of Uranus 
from the sun.. 

From a discussion of similar little irregularities in the 
proper motion of r/ Cassiopeia;, Struve found its mass 
to be 6*6 compared with tile sun, whilst its companion 
was I 7 times as great. 

I A reflection on the inability of astronomers before 
Copernicus to make such measurements as those pre- 
ceding, concludes this retrospect. 

R A. CKr-.GORY, 


j A Ni: IV FORAI OF RFC KAFR A TI I F (SAS^LAA'/R. 

the time when Mr. Frederick Siemens first 
introduced regenerative gas-burneis, now ten years 
I ago, down to the present day, this method of burning gas 
for illuminating purposcb has been adopted all over the 
world, and has come to the assistance of the gas com- 
, panics by illustrating the fact that, with propei appliances, 

I gas can produce the same biilliant effects as are ordinarily 
' produced by means of electricity, at much less expense 
' both as regards first cost and working. We would explain 
i that in regenerative lamps the heat which is usually 
j wasted in oi dinary burners is to a great extent returned 
i to the flame. The manner in which this result is brought 
j about is by intercepting, by means of a regcncrator,the heat 
1 passing aw ay with the products of combustion, and apply- 
' ing the heat thus saved to raise the temperature of the 
I air which feeds the llame, thus increasing the temperature 
j of the latter, and its illummatmg power ; for it may be 
admitted that the higher the temperature of a body ren- 
I dcred incandescent by hcitt, the greater is the proportion 
of hght rays emitted out of the total amount of energy 
radmted, J his being the case, tire amount of heat carried 
from such a source of illumination to the surrounding 
atmosphere by conduction and convection must be Uss 
than in the case of a burner consuming the same 
quantity of gas burning at a lower temperature, which 
circumstance, combined w'ith the well-known economy 
resulting from the Use of these burners, accounts to a 
great extent for the popularity vi-hich regenerative lamps 
have attained. 

Mr. Frederick Siemens has lately introduced a new 
form of regenerative gas-lamp, \ihich we understand is 
highly efficient, and is in consequence being lat^y 
adopted ; its construction is sbo*wn m the accompanying 
diagram. It is known as the Siemens- inverted type, and 
is produced in various ornamental designs, w'hich have 
been much admired. Alter passing through the governor 
A, and the tap bi the gas enters an annular casing ; in 
the lower portion of this, a number of small lubes arc 
fixed, forming the burner, irom which the gas posses 
out in separate streams. By this meanfly combustion* of a 
.very perfect character takes place, a$ the air is directed 
round each separate stream of gas, and thus enabU^ to 
combine most inttmateiy wkh it Wjthia the eWe of 
small tubes ■ is a trunapet^shnped porcelain tube^ 
arOund the outside aoddnaide of^ this the psv hume 
downwards and ah|^tly upwards, as indicated by arrows, 
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Urns producing a steady powerful dame of beautiful 
appearance. This porcelain tube forms tbe lower portion 
of the chimney f around which is placed the regenerator. 
The products of combustion, in passing away, heat the 
regenerator by conduction, through the metal of the 
same ; and the air, passing upwards and downwards 
between its metallic surfaces, as also indicated by arrows 
in the diagram, carries the heat back to the dame. The 
lamp is closed below by a glass globe, which, however, 
need not be removed for lighting, as a flash-light is 
provided for that purpose. 

These lamps are made of different sizes, with a con- 
sctmption varying from lo to 40 cubic feet of gas per 



o°' 

hour ; with London gas they give a light of from ten to 
twelve candles per cubic ftxot consumed per hour, which 
is from four to flve times as much as is obtained with 
ordinary burners. It w^ould have been easy to arrange 
the lamp we have just described so as to produce «i much 
higher result than that given above ; but, to produce this 
effect, the air supplying the burner would have to be 
passed through small channels, which would be liable to 
be partly closed up by oxidation, and thus, by reducing 
the air-suppfy, cause the lamp to smoke, whereas tbe 
Siemens lamp has been specially designed to provide 
this unpleasantness, to which regenerative gas- 
lamps are more or less liable* 


GUSTAV REICHENJiACH. 

the 6th liist,, there died at Hamburg, in the sixty- 
eeyenih year 6f Ms age, a botanist long and famb 
HffiHy .ifcnoMm to his English colleagues, and one whose 
be preserved in the annals of botany. 

^Heinricb Gustav Keichtnbach had been Professor 
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of Botany and Director of the Botanic Garden at Ham- 
burg since iJ?62. He was bom in Leipzig, bis father 
having been also a well-known botanist and Professor in 
Dresden from 1820 till his death in 1879. Much of the 
younger Reichenbach's work was done in association with 
his father, with whom he co-operated in the production of 
the later volumes of the carefully elaborated Pi&ra^ 
GermaniciV et HelveHc(r. But work of this character, 
carefully and critically executed though it was, was cast 
into the shade by the magnitude of his labours among the 
Orchidacefe. Reichenbach the younger devoted move 
than forty years of his life, almost (though, as wc have 
seen, not quite) exclusively to the study of orchids. 

At the commencement of his career, Bindley was still 
in the pknitude of his powers, but when, some quarter of 
a century since, the great English botanist failed in health, 
and subsequently died, there was no one to question the 
supremacy of Reichenbach so far as orchids were con- 
cerned. 

P'rom that time to the present the Hamburg Professor 
l^as reigned with undisputed sway. His reign corresponds 
in its progress with the development of that passion for 
the cultivation of orchids which has attained such large 
proportions in this country, 'i his is a fashion which at 
present show s no sign of waning here, whilst it is spreading 
widely in other countries. It has proved of signal serviceto 
orchidology in its systematic aspect, and to a less degree 
to morphology and biology, as witnes-jcs, to cite only one 
illustration, the work of Darwin on the " Fertilization of 
Orchids.” A hundred years ago abotit three hundred 
species were catalogued in the later editions of Linnaeus's 
“ Species IMantarum,” and those three hundred were very 
imperfectly known or illustrated. About bixty years have 
elapsed since Lindley began his first systematic enumera- 
tion of the genera and species, a work in which he was 
at first greatly aided by the previous labours of Brqwn 
and by the splendid drawings of Bauer, In 1840, at 
the conclusion of the “Genera and Species,'' Lindley men- 
tions that the total number of species included in that 
work amounted to 1980, of which the author himself had 
analyzed threc-fouiths. Later estimates in the “ \''egetabIo 
Kingdom ” bring the numbers up to 394 genera and 3000 
species. Bentham,in 1 883, calculated the known species 
as between 4500 and 5000 ; while Pfilzer, the most recant 
census-maker, gives the extreme number of species as 
10,000. Granting that this latter figure is excessive, it at 
least suffices to illustrate the enormous increase in our 
knowledge of orchids. This advance has been, as we 
have said, chiefly due to the orchidomania which origi- 
nated' as a consequence of the exhibition of a few remark- 
able forms at the early meetings of the Horticultural 
Society, and which has been growing ever since. We 
never heard of any material good arising from the tulipo- 
mania ; but the passion for orchids, involving, as it ihas 
done, the exploration of the countries where they grow, 
and the collection and transmisiiion of countless thou- 
sands of specimens, live and dead, not only of orchids 
but of plants of other orders also, has most undoubt- 
edly been of great service to botany, and it has served 
also to illustrate the great, but often unappreciated, 
value of gardens as instruments of scientific research. 
Dried specimens of orchids afford a sorry spectacle at 
best, and the characters upon which the distinction .of 
.^nera and species depend are readily obliterated or lost 
in the drying process. Hut in gardens the material is 
often ample, and in the best condition for examination. 

Reichenbach, as we have seen, was able to avail himself 
to a . much larger extent than any of his predecessors of 
the facihtfcs ^red by gardens. He became the acknow- 
ledged referee on all questions of nomenclature, and .to 
him YTcrt constantly submitted fresh specimens for ex- 
amination. Of late years, also, hybridisation has been 
practised to a large extent among orchids, and the resul- 
tant bybrida found their way to Hamburg, there to be 
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compared with the parental forms from which they had 
emanated. The result of this correspondence with 
orchid 'growers of all classes in all countries^ as well as 
with collectors and botanists, was that the Hamburg Pro- 
fesaor became the deposita^ of the greatest amount of 
orchid-lore yet accumulated, and the possessor of the 
largest stores of materials relating to the order. Un- 
happily his synthetic faculty was by no means so strong 
as his acquisitive tendencies were great and as his 
analytical powers were developed ; so that much is left 
Ibr his successors to accomplish in collating and expound- 
ing his work. In no place in the world can this be done 
so readily as at Kew, so that on all accounts it is earnestly 
to be hoped that the late Professor^s herbarium and 
notes may find their way to that establishment, where 
Lindlcy's collections arc already enshrined. 

Reichenbach was almost exclusively a systematist. He 
had little to say on morphological questions, and less on 
the biological points which lend such great interest to 
the study of the order. Speculations were made the sub- 
ject of sarcasm by him, and to the last it may be doubted 
whether he had any great amount of sympathy with 
those researches which have furnished the clue to the 
explanation of the extraordinary and highly diversified 
structure of orchid-flowers, and illustrated alike its genetic 
and its physiological significance. Nevertheless, as in 
his lifetime he was constantly and disinterestedly at the 
service alike of his brother naturalists and of the orchid- 
growing community, shrinking from no labour or trouble 
where an orchid was concerned, so in that future recon- 
struction of the order on morphological and physiological 
rinciples which is inevitable, the botanist, be he who 
e may, will find himself as much indebted to the labours 
of Reichenbach, as unable to proceed without constant 
reference to them, as are the students of the present day. 
His title to our gratitude is indefeasible ; it will be even 
more so to our successors. 


NOTES. 

Tke Croon ian I-ccture, ** Les Inoculations Preventives,” will 
be delivered at the Royal Society to-day, by Dr. Roux, of the 
Pasteur Institute, Paris. 

The ship Hvidjornen arrived at Copenhagen on May 21 from 
Greenland, having on board Dr. Fridtjof Nansen and his com- 
panions, who succeeded in crossing Greenland from east lowest 
on snow shoes. The members of the expedition received an 
enlhusiastic welcome from a large crowd. 

The anniversary meeting of the Royal Geographical Society, 
for the election of President, Council, &c., will be hold in the 
hall of the University of London, Burlington Gardena, on Mon- 
day, May 27, at 2.30 p.m., General R. Strachey, F.R.S,, 
C.S.L, President, in the chair. After the presentation of the 
Royal medals for the encouragement of geographical science and 
discovery, the annual address on the progress of geography during 
the year will be delivered by the President. 

An International Congress of Chronometry will be opened 
at the National Observatory, ParU, on September 7. An in- 
fluential organizing Committee has been formed, of which Vice- 
Admiral de Fauqtie de Jonquii:res has accepted the presidency. 
Those who wish to become members should communicate with 
the secretary, M. E. Cospari. 

Congregation has approved of (he nomination of Dr. 
William Huggins, F.R.S., as a visitor of the Oxford University 
Observatoiy, in place of the late Dr. Warren de la Rue. 

According to the Rome Correspondent of the Daily News^ 
the Pope has decreed, owing to the wishes expressed by Padre 
Denxa more than a year ago, that the works for the Astronomical 


Observatory, to be erected in the Vatican, are to be begun at oim. 
The site selected is the tower over the rooms occupied by the 
Master of the Sacred College, it being the most elevated building 
of the Vatican Palace, The cost is estimated at a million of 
francs. 

Mr. W. P. Johnston, Government Electrician, Calcutta, 
died on April 23, at Darjeeling. According to AUm^s Indim 
Maily Mr. Johnston had served for over twenty years in the 
Indian Telegraphs, and had specially distinguished himself in 
the scientific branch of the Department, his researches in con- 
nection with duplex telegraphy, the working of river cables 
and long stretches of land lines, having been unusually productive 
of good results. He was also one of the first to improve the 
telephone after its introduction into India. 

It ib reported in the Chinese Press that the Marquis TsSng, so 
well known in Europe as the Ambassador of China to this 
country, has been appointed to the control of the Foreign 
Science College in Pekin. 

Prof. Mh.nk, of the University of Tokio, whose work in 
connection with the investigation of earthquake ])henomena is 
well known to all readers of this journal, is in England for a 
short time on leave of absence. 

Dr. John Gibson, who has for some time been engaged in 
superintending the physical work of the Fishery Board for Scot- 
land, Ims recently completed a series of investigations which are 
likely to throw considerable light on the problems connected with 
ocean currents. The detailed results wdl appear in the next 
Annual Report of the Fishery Board ; but from a preliminary 
note communicated to the Royal Society of Edinburgh it appears 
that two chemically distinct kinds of sea water arc present in the 
North Sea. The difference between these two waters is rendered 
perfectly distinct by sufficiently accurate determinations of the 
relation between chlorine and density, and E not due to river 
water flowing into the North Sea. Water in which the relative 
proportion of chlorine is high reaches the North Sea from the 
surface of the Atlantic, round the north of Scotland and also 
through the English Channel, while water in which the relative 
proportion of chlorine is low flows into the North Sea from the 
north, and has been found on the surface as far north as 79^ 
N, Jat. The delcrminations of chlorine and density in the 
samples of ocean water collected during the Challenger Expedi- 
tion, as published in the Challenger Reports, seem to show that 
similar differences of composition exist in ocean waters. To 
judge from these determinations, the mass of ocean water, 
especially in southern latitudes, approximates in chemical com- 
position to that flowing as above mentioned into the North Sr.a 
from the surface of the Atlantic. The water in which the rela- 
tive proportion of chlorine is less appears to have been met with 
chiefly to the north of the equator and to the south-west ri the 
principal outlets from the Arctic Ocean. This, as well as its 
chemical conn position, seems to point to an Arctic origin. 

A SEVERE earthquake occurred at Plevlje, in Bosnia, at 
3.43 a.m., on May 8. It lasted three seconds, the direction of 
the shocks being from west to east. 

Several shocks of earthquake occurred on April 26 in 
Scbwyz, and at Schafifhausen and Wilchingen. 

On May 20 a waterspout burst over the district of Crimmifit- 
schau, in Saxony. Two persons were drowned at the town of 
that name, and a third at the neighbouring vU|j^e of Lauterbach. 

The British Consul at San Jose, in CcMtti kifia, in hU latest 
report says that a Meteorological Ipstitute has been established 
at San Jose, and several useful observations have been tak^^ 
especially of recent earthquakes. He adds that the yeot 
iSSSdid not have a very propitious closing, for just two days 
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iiiefore the end of the year, the capital and surrounding districts 
were visited with several severe shocks of earthquake. The first 
■shock took place on December 39 at 8 p.tn. This was followed 
by another at 11 p.m., and on Sunday, December 30, at 
4.21 a.m., by the most severe of all, lasting 25 seconds, and 
of such force as to cause considerable damage to the principal 
huildings in San Jose, and to nearly all the churches, besides 
private bouses, few of which escaped damage. The morning was 
pitch dark, and hundreds of people, in all kinds of costumes, 
hurried into the Central Park looking for their friends, not 
knowing what might happen or whether any portion of their 
houses would be left to them. Several houses have been con- 
demned by the authorities, and have had to be pulled down, whilst 
energetic measures are being taken to repair the damage done 
to the principal buildings, and the (Government have erected 
temporary shelters for the poor who have iH'en rendered home- 
less. The total damage is estimated at half a million sterling. 

The half-yearly meeting of the Council of the Italian Meteor- 
ological .Society was held on April 28. Padre Den^a referred 
to the activity of the Society during the previous six months, 
■during which time several observing stations had been 
added in Italy and at Malta and Punta Arenas (South 
America) ; and to the working of the hygienic stations estab- 
lished at Florence and several other imiwrtant cities. He also 
referred to the various Conferences which are beittg held in ac- 
cordance with the decisions of the general meeting at Venice 
last year, for the purjX)sc of populariring meteorological science 
in Italy. Special investigations me being carried out with the 
view of determining the amount of carbonic acid gas in the air, 
and with regard to the system of the winds in the South Atlantic. 
The questions of sunshine and piien ological observations were 
also discussed, and the importance of issuing general instructions 
for these subjects, and for the regular gcodynamical observations 
at the Society’s stations. 

At the meeting of the Scientific Committee of the Royal 
Horticultural Society on May 14, Mr. Wilson made some re- 
marks on the question of the protection of fruit-trees again* t 
winter moths. He observetl that the ]>lan recommended in the 
Agricultural GazrtU of October 15, 1888, of making a ring of 
cart grease and Stockholm tar round the bases of fruit-trees, 
though very efieclual in catching large quantities of wingless 
females, had not prevented them from attacking the, trees 
altogether, as the leaves on certain trees thus treated (as 
described at the Scientific Committee on January 15, 1889) were 
all going at the present date. At the same meeting Dr. Masters 
exhibited several photographs of plants from Madeira, including 
one of Phytolacca dioica as a large tree with a massive base of 
confine nt roots, the usual form of this plant in Europe bciJtg 
a herb. 

At the last meeting of the Chemical Society of Gottingen, 
Dr, Buchka announced the le^u1ts of his investigations upon the 
composition of bromide of sulphur. Balard long ago showed 
that sulphur readily dissolves in bromine with formation of a ruby- 
red Ikiuld ; IhU liquid, as more recently shown by Mr, PattihOn 
Muir, may l>e freed from excess of bromine by means of a current 
of dry carbon dioxide. On attempting, boweyer, to subject it 
to distillation, it is found to boil at about 200” C.,d)ut with de- 
CDiupoattion. Indeed it is possible, by repeated distillation, to 
completely dissociate it int ) sulphur and bromine. Hence it has 
never hitherto been possible to analyze a, sample of the redistilled 
liquid, and so been a certain amount of doubt as to its 

(^position. the analyses hitherto published have 

pointed to the IprmhU SsBr*, but Guyot ascribes to it the fonnula 
Hence 0 r. Buchka has attempted ihe distillation of the 
^^rude product under diminished pressure, and finds that the ex- 
perlt&ent entirely succeeds at the low pressure of* so mm, of 


mercury, the red liquid passing over without the least sign of 
decomposition sU a temperature of Analyses of this 

redistilled liquid confirm the formula S^Br^ Hence brootide 
of sulphur resembles the monochloride, S^Cl^ the most stable 
of all the chlorides of sulphur; it differs from the chloride, 
however, in being more unstable, and only volatilizable without 
decomposition at a pressure not much exceeding 20 miu. of 
mercury. 

Formaldehyde, CH^O or H . COH, the first member of the 
important series of aldehydes, has been synthesized by Prof. 
Jahn, of Cmnstadt, Hungary, in a most instructive manner. 
During the, course of Dr. Jahn’s well-known researches upon the 
volumetric estimaiion of hydrogen by means of palladium, it was 
noticed that the presence of carbon monoxide always considerably 
disturbed the occlusion of the hydrogen by the palladium. As 
there was a possibility that some of the hydrogen had bodily 
united with the carbonic oxide with formation of formaldehyde, 
it was determined to repeat the experiment upon a larger scale 
and in a more suitable form of apparatus. A mixture of carbon 
monoxide and hydrogen was therefore led over a layer of spongy 
palladium, and the products passed through a scries of bulbs con- 
taining water. On detaching the bulbs the odour of aldehyde 
was readily perceived, and the contents at once reduced an 
ammoniacal silver nitrate solution with formation of the silver 
mirror characteristic of aldehydes. Hence it was tpiite evident 
that the carbon monoxide and hydrogen had partially united in 
the pores of the palladium with production of formaldehyde. 
Two litres of the mixed gases were found quite sufficient to give 
a good silver mil ror. This reaction is all the more interesting 
in view of Dr. Loew’s recent synthesis of formose, an 

aitificial member of the glucoses, by condensation of formalde- 
hyde with calcium hydroxide ; for as carbon monoxide is readily 
prepared by passing oxygen over excess of heated carbon, it may 
be said that glucose has been built up directly from its elements 
— carbon, hydrogen, and oxygen. 

The officials of the Australian Museum, Sydney, are now 
engaged in working at the Pcrcoid Fishes, and the trustees 
announce that they will be glad to make exchanges in this group 
with the authorities of other museums. 

The Paris Correspondent of the Daily News says the Zoological 
Society of France has warned the French Government that a 
great ornithological calamity is impending. The Department 
of the Bouches du Rhone has hitherto lieen one of the chief 
landing-places for swallows coming from Africa. Engines for 
killing them, formed of wires connected with electrical batteries, 
have been laid in hundreds along the coast. When fatigued by 
their over sea flight, the birds perch on the wires and arc struck 
dead* The bodies arc then prepared for the milliner, and crates 
containing thousands of them are sent on to Paris. This has 
been going on for some years, and it has been noticed this spring 
that sw’ollows have not landed on the low-lying coast, but have 
gone farther west or east, and that they go in larger numbers 
than formerly to other parts of Europe. There are places, says 
the Zoological Society in its petition, where they used to be 
very numerous, but which they have now deserted, although there 
has been no falling-off in the gnats and other flying insects on 
whidi they live. 

Miss E. C. Jelly, F.R.M.S., proposes to issue shortly a 
catalogue of the published species of recent Polyzoa, with a full 
synonymy. The main lines followed are those of Hincks and 
Waters, Only a limited number of copies will be printed, and 
application for them must be made to the authoress. 

The State University of Iowa has begun to issu^ what 
promises to be an excellent scries of Bulletins from its 
laboratories of natural history. No systematic biological survey 
of the Stale has yet been attempted, and the editors of the new 
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Bulletin do not suppose that it will be in their power to provide 
such fl survey. They projwse, however, to bring before their 
readers some idea of the natural history of Iowa, and of the 
toanner in which it may be studied ; hoping in this way to 
aUmulata an interest in stich things sufheient to lead to greater 
multB in the future. 

Ak interesting note, by Mr, Arthur A. Ramhaut, on some 
Japanese clocks lately purchased for the Dublin Science and Art 
'Museum, has been reprinted from the Proceedings of the Royal 
Dublin Society. These clocks, though differing in other re- 
spects, agree in this particular, that the lime is recorded, not by 
a hand rotating about an axis, but by a pointer attached to the 
weight, which projects through a sht in the front of the clock- 
case, This pointer travels down a scale attached to the front of 
the clock, and thus points out the hour. Mr. Raml>aut has con- 
sulted several persons who have been resident for some lime in 
japan, but none of them has ever seen clocks of like construction 
in actual use. A young Japanese gentleman to whom the 
specimen^ have been shown, says that he has heard of such 
clocks being used in rural parts of Japan about twenty or thirty 
years ago, but that they have been almost completely superseded 
by clocks made on the European plan. 

The fact of intermiltencc in the intensity of some sem^ation^s 
is known to phys^iologislv. Thus, ihe tick of a watch withdrawn 
gradually from the ear begins to He heard, by turns, distinctly 
and indistinctly, then times of silence alternate with the souml. 
M. Couetoux, in the Kevue Scientijii^uc^ calls attention to an 
finalogruis experience he has hati in the case of vision. Looking 
at A distant windmill, with four vanes, he could not make up his 
mind whether it was in slow motion (like a nearer one) ; for, of 
Ihc three vanes projected against the sky, he saw now one, now 
anothci ; but the intermittent degradation of the sensorial im- 
pression prevented his observing two successive positions. These 
sensorial fluctuations seem to deserve careful study. 

At a recent meeting of the Manchester Section of Chemical 
Industry, Mr. William Thompson rend a paper on the hcat- 
producing powers of twelve samples of coal, determined by 
burning in oxygen (in the apparatus devised by him), compared 
with their theoretical values as calculated from their chemical 
composition. The coal which he found to give the highest 
results as regards heat-producing was anthracite, which gave 
8340 Centigrade units of heal. Next came Pendleton coal, 
with 7736 units ; then Wigan coal, 7552 ; and the lowest ot 
the twelve came from near Atherton, with 6448 units. The 
results obtained by experiment were higher in two coals than 
the calculated results obtained by determining by heat units 
given by the combustion of the carbon, hydrogen, and sulphur 
found by analysis, but deducting the hydrogen, whidi appears 
always to be’ in combination with the oxygen present, so that 
its hydrogen does not produce heat on burning. In two coals 
the heat found by calculation and that found by experiment were 
the same, and in seven coals the heat found by calculation 
was greater than that f(jund by experiment. A short discussion 
followed the reading of the paper. 

The additions to the Zoological Society’s Gardens during the 
past week include a Rough Fox {Canii rudis J ) from Demerpra, 
presented by Mr, Jamc’. Coombe ; a De/bion Wallaby (//4/wtf- 
tnrus derhianus d ) from Australia, presented by Mr. Bucktand, 
s.s, BrUanHia\ two Great Eagle pwls {Hubj meucimas)^ European, 
presented by the Executors of the late Mr. W. J, Cookson ; two 
Red'Iegged Partridges {Caccaf>is rnfa) from the Canary Islands, 
presented by Captain Augustus Kent, s.s. Abt; si.\ fiarbary 
Turtle Doves ( Turtur lisoHu') from North Africa, presented by 
Major T, Erakine Baylis, F.Z.S. ; a Black -bellied Sattd Gi'ouse 
(/VeAW/rj’ anm trim cT ) from India, preseti'.ed by Mrs. Ayrton 
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Pullan ; a — — Falcon {Fah& sp. inc.) from Australia, jpte- 
sented by Baron F. von Mueller, C.M.Z.S. ; a Tubemulated 
Iguana tuhcyndaid) from SpanUh Honduras, pres^ted 

by Mr. J. B. Johnson, «.8, AnUHes i a Grey- breasted Parrakcet 
(^R^ylborhynchus mi>nac/ius) fiottx Monte Video, presented by Mrs. 
Macaab ; ten Common Vipers ( Vipera berus) from Surrey, pre- 
sented by Mr. C. F, McNiven ; two Common Vipers 
berm^ frotn Gloucestershire, presented by Mr. Barry Burge ; 
a Chimpanzee i^Anthropopitheius tro^loiiyUs d) from West 
Africa, two Cormorants \Pkalacroa>rax carbo)^ British, de- 
posited ; n Mountain Ka ka mtahilis) from New Zea- 

land, a Green-headed Tanager \CaUtst€ trkoior) from South- 
East Brazil, purchased ; five Nortli African Jackals {CofUs 
a3t(btts)j a Japanese Deer (Carvt/s stba V) a Collared Fruit 
Bat, (Cynonyckris co//iir/s)t a Great Kongaroo (Afrurapus- 
<5 ), born in the Gardens. 


ASTFOAVMJCAL PHESOAfENA FOR THE 
WEEK 1889 MAY 2t-^JUNE 1. 

R the reckoning of time the civil day, commenciag at 
Greenwich mean midnight, counting the hours on to 34, 
is here employed.) 

At Greenwich on May 26 

Sun rites, jh. 56m. ; souths, 1 ih. sbm. 48 Bs. ; daily increase of 
souiliing, 6‘5 .s. ; seM, I9h. 38in. ; right asc. on meridian, 
4h. I3'8ro. ; deck 21^ 13' N. Sidereal Time at Sunset^ 
I2h. 16m. 

Moon (Nt‘w on May 29, lyh.) rises, 3h. 2m. ; souths, 
9h. 36m. ; sets, i6h. 24m. : right aac. on meridian, 
ih. 52 8m.; ded. 6* 16' N, 

Right asc. and decUnaikm 

Pianet. R!m«. Souths. Sets. on meridian. 

h. m. h, m. h. m. h, m. o / 

Mercury., 5 4 ... 13 34 ... 22 4 ... 5 51 4 ... 25 xa N. 

Venus 2 41 ... 9 47 ... lb 53 ... 2 3*9 ... li 55 N. 

Mars 4 12 ... 12 23 ... 20 34 ... 4 39'9 ••• 22 41 N, 

Jupiter. .. 22 18*... 2 14 ... 6 10 ... 18 29’6 ... 23 3 & 

Saturn.... 9 16 ... 16 53 ... o 30^... 9 in ... 17 27 N. 

Uranus... 15 20 ... 20 50 ... 2 20*... 13 8 3 ... 6 34 S. 

Neptune.. 3 58 ... ii 45 - t9'32 4 I 'S ... I9 a N, 

* Indicates that the rising is that of the preceding evening and tHfr 

setting tliat of Ihe foUowing momiog. 

May. h. 

26 ... j 6 ... Venus in conjunction with and 4° 30' north 
' of the Moon. 

31 ... 16 ... Mercury in conjunction with and l” 53' noHh 
of the Moon. 

Variable .V/Urj. 

R.A. Decl. 

b. m. « ^ h. m 

... o S2'5 ... 81 17 N. ... May 25, o 

II 3L O 9 w 
... 10 SS’I ... 17 44 S. ... 27, jW 

... 1320-3,.. 2 48 S. ...June X, I oAT 

... 14 551 ... 858. ... May 27, 22 33 
— 15 *37 3a 3 N. .. June i, 21 o ws 

... 17 10*9 ... i 2 oN. ... May 27, 1 42 wv 

and at intervals of 20 8 
... 18 46-0 ... 33 X4 N, ... May 27, 20 

M 31, z o m 
... 19 23*4... 7 16 S. ...June I, 3 oASr 

... 19 43'» 37 J N, ... Mfiy 28, M 

... 19 51*0 ... 16 20 N 29* 2 « aa 

June I, z 

... 22 zyi ■. 57 51 N. ... May 31, 23 
ATetgfufiai niaxununi : tamialauas. 

KA, Deal. 

290 ... 60 N. ... MaJr3o. Shiprt,alow. 

From Vulpecula 305 2$ N* ... Swift. 

„ Laoerta.. 330 ... 48 R ... Very awift 

Near* Pegasi 333 ... 27 N, Shrift, stltMkks. 



Star. 

UCephei ... 

R Crateris ... 
W Virginis ... 
S Lihne 
(J Coroose ... 
XJ Opfaiuchi... 

B Lyrte 

U Aquilce ... 
S Vulpeculae 
5 Sagittse ... 

0 Cephei 
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BEACON LIGHTS AND FOG SIGNALS} 

I. 

TT is staied by Samuel Sm‘Ie» in bis Lives of Engineers ” 

^ that, “with Winstanley^s structure on the Eddystone in 
1696, may be said to have commenced the modern engineering 
efforts in directing the great sources of power in Nature for 
the use and convenience of roan,” efforts which, followed up by 
Uudyerd, Smeaton, and others, have been so successful in con- 
verting hidden dangers into sources of safety, and insuring the 
beneficent guidance of the mariner in his trackless path. 

The famous structure of Smealon, which had withstood the 
storms of more ihon half a century with incalculable advantage 
to mankind, became in course of time a matter of anxiety and 
watchful care to the Corporation of Trinity House, owing to the 
great tremor of the building with each wave stroke, during heavy 
westerly storms. - The joints of the masonry frequently yi^ded to 
the heavy stv.dns, and the sea 'Water was ^iven tlirougn them to 
the interior of the buildinw. The upper pert of the strucUire was 
strengthened wdih intemaT iron work in 1B3Q, and again in 1865. 
On the last occasion it was found that the chief mischief was 
caused by the upward stroke of the heavy seas against the pro- 
jecting cornice of the lantern gallery, thsMt lifting (his portion of 
the masonry, together with the lantern above it. Unfortunately, 
the portion of the gneiss rock on which the lighthouse was 
founded had become seriously shaken by the heavy sea strokes 
on the tower, and the rook had thus bera seriously undermined 
at its base. The waves rose during storms considerably above 
the summit of the lantern, thun Ircqnently eclipsing the light, 
and altering its distinctive character from a fixed Tight to an 
occulting. This matter of distinctive character in a beacon light 
was one of little iniportOBCc'at the date of the erection of Smea- 
ton’s lighthou<.e, when coal fires were the only illuminating 
agents along the coasts ; but with the rapid development of our 
commerce, and the great increase in the number of coast lights, 
it has become fin absolute necessity that each light maintain a 
clearly distinctive character. It was therefore determined by the 
Trinity House, in 1877, to erect a new lighthouse at a distance 
of 120 feet from Smealon’s tower, where a safe and permanent 
foundatifm was founds but at a much lower level, which 
necessitated the laying of a large portion of the foundation , 
masoni7 below low water. The foundation stone of ihis work 
was laid on August 19, 1S79, by ll.R.H. the Duke of Edinburgh, 
Master of the 'I riniiy House ; assisted by H.K.U. the Prince of 
Wales, an honorary Elder Brother of the Corporation. 

On June I, 1881, H.K.H. the Master, when passing up 
the Channel in ll.M.S, Lively^ landtsd at the ruck and laid 
the last Slone of the tower ; and on May 18 of the following 
year H R.H. lighted the lami>9, and formally oi>ened the light- 
house. The emfice was thus ci>mpleted wilhiu four, years from 
its commencement, at a cost of ;i’S9,255. The work* was 
executed under the immediate direc’ion of the I'rinity House and 
their Engineer, and ttwiving of ^^24,000 on the lowest sum | 
at which it had been limrod that it could be executed by contract, j 
Every block of gmnhejir the stnictnfe is dovetailed together j 
both vertically and, borkoutaHy, on a system deviled by my | 
father, and first adopted at the Hocroia Rock Lighthouse off the ; 
west coast of Guemaey. The illinximatiRg apparatus consists of | 
two superposed oRlamps^ each of «x coneemric wicks, and of | 
two drums of leMca of .910 roUBAetreS fiDoal distance, twelve ! 
laiaes in each dtme. optieai appamiqu iaapectally designed 
on the system* of J<h)m Hojpkuwoaif F.R.Ri, for a double | 
flashing fights eodi sHoWtwo flaihes m qaiek succession, at { 
interviUfi ot hsdf A mltipte. Actentkm baa of late lieen directed ' 
Id the subject. C)fl'au|ACpemdUgbta in IkhtltoaMak which became | 
a necessity wbewaieAmi had to be sul>stituted ' 

for yie large coat or, u#od Art of aw eaidy itehlhouses. The ■ 
credit of first aupartwdn^litfhtheuM InmittaisiaTa doubtless due 
<0 Smeat(m,. wittt dglited hklaa^Ara twenty-four 1 

large talfow caisdles in two tiws. Tb®' idfea. wee followed in 
X790 with the flrat revolving lij^ht, establlahediob the !^t. Agnes 
Lighthouae* Scilly Islands, which consisted of il^een oil lamps 
and reflectora, arranged in three gr mps,' amiitr tliree tiers- The 
nntnber of the hw||M and reflectors at this ao 4 oifcber first class 
UghU was extended to thirty, and irolhor tiers. In 

1859, Mr, L iW. B. Blown, of Lewisbamt propMad superposed 
lenses for Tis^hthouse lonterna, wkn a separate light for 

each tier ofTensea. In iSya, Mr. John Wigharo, of Dublin, pro- 

* iPHdwavai^ak dliewtrse daKvereii «t the ^ Royal Inuiludon by Sir 
lamw W; on M»rok 15; W« ai» indebted to^ the Edivor 

or the the ubh of ihe woodcuts UluatrmtiDg thii disoourM. 


posed superposed lenses for lighthouses, in conjunction with his 
large gas flames, and the fint application of these was made in 
1877 at the Galley Head Lighthouse, County Cork. In xflyfl 
: Messrs. I>ntute and Sons, the eminent lighth>tise optical 
• engineers 01 Paris, mode successful experimental with superposed 
' lenses and mineral oil flames, and one of their apparatus was 
exhibited at the Parts International Exhibition 01 1S78. The 
results of these experiments acre given by M. Henry Lepaute, 

I in a pai>«r contributed to the Congres', at Havre in 1677, of the 
French Association for the Advancement of Science. The Eddy- 
stone represents the first practical application of superpos^ 
lenses of the first order, with oil as the illuminant. 

Tire apparatus at the Eddy^ume is provided with two six- 
wick burners of the Trinity House improved type, and has a 
minimum intensity for clear weather of about 38,000 candle 
units, and a maximum intensity of about 160,000 candle units 
for atmosphere impaired for the transmission of light. The 
chandelier light in Snieaton’s lantern was unaided by optical 
apparatus. I have found by experiment that the aggregate 
intensity of the beam from the twenty-four candles was 67 candle 
units nearly. The maximum intensity of the flashes now sent to 
the mariner isab:>ut 23S0 times that of the candle beam, while the 
annual cost for the mineral oil illuminant is about 82 per cent. less. 

The sound signal for foggy weather co^^isrs of two bells of 
40 cwt. each, mounted on the lantern gallery, and rung by 
machinery. If any wind occurs with the fog, the windward 
bell is sounded. The distinctive character of the signal is two 
sounds of the bell in quick succession every half- minute, thus 
corresponding with the character of the light signal. 

The tendency of the curvilinear outline near th; base of 
Smeatun's and of other similar .sea towers that have followed 
it, to elevate the centre of force of heavy waves on 
the structure, induced me to adopt a cylindrical b\se 
for the new lighthouse, which is found to retard 
the rise of waves on the structure, while it affords :i con- 
venient platform for the listhtkccpers, and adds very consider- 
ably to their opportunities for landing and relief. 'T’he Town 
Council and inh ibitanbs of Plymouth having expresse I a desire 
that Smeaion’.s lighthouse should be re-erected on Plymouth 
Hoe, in lieu of the Trinity House sea mark thereat, the Trinity 
House, who, a;* custodians of public money, had no funds avail- 
able for such ft purpose, undertook to deliver to the authorities 
at Plymouth, at actual cost fur laljour, the lantern, and the four 
rooms of the lower. These have been re-erectei by public sub- 
scription on a frustrtim of granite, correspo iding nearly with 
the lower portion of Smeaton’s tower, and it is to be hoped that 
it will lie preserved by the town of Piyinjiith as a nnnuinent to 
the genius of .Smeaton, nnd in commemorauun of one of the 
nio.st successful and beneficent works in civil engineering. 

It is extremely diOicuU to e.stimale, with a fair degree of 
accuracy, the maxuuim force of the waves with which some of 
the most exposed of these sc.a structures may occasionaMv have 
to contend. The late emi lent lighthouse engineer, Mr. Thomas 
Stevenson, F.R.S.K., carrieii out a long series of experiments 
with a self* registering instnun-nt he devised for determining 
the force of sea- waves on exposed structures, Ue finind at the 
Skerry vore Kock Lighthouse the Atlantic waves there gave 
an average force for five of the summer months in 1843-44 
of 6it pounds per square foot. The average result for the 
six winter months of the ^ame year was 3086 pounds per 
square foot, or three times as great a< in the summer months. 
The greatest force registered was on March 29, 1845, during a 
westerly gale, when a prefwurc of 6t>8 3 pounds, or 2 j tons nearly, 
per square foot was recorded. After Smeaton had carefully con- 
sidered the great defect of the building of Rudyard at the 
Eddystone, vU, want of weighi, he replied that, “if the light- 
hou c was to be so contrivecl as not to give way to the sea, it 
must be made so strong as that the sea must be compelled to 
give way to the building.” Smeaton also had regard to durability 
as ao important element in the structure, for he adds ; “In con- 
templating the use and benefit of such a structure a^ this, my 
ideas of wliat its duration and continuei existence ought to be 
1 were not confined within the boundary of one nge or two, but 
1 extended themselves to look toward.s a possible perpetuity.” 

I Thus Smealon soon arrived at the firm conviction thatnis light- 
house must be built of granite, end of this material nearly all 
lighthouses on exposed tidal rocks have since been constructed, 
while those on submerged s.iDdbanks are open structures of iron, 
erected cm screw piles or iron cylinders. '1 he screw pile was the 
inveniton of the late Mr. .Alexander Mitchell, of Belfast. 

We have here a mo ^el of the first lighthouse, erected in 1838,. 
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on these screw piles« nt the Maplin Sand, on the north side of 
the esinary of the Thames, under the direction of the late James 
Walker, then Engineer-in-Chief to the Trinity House. 

A lighthouse on the principle of minimum surface exposed 
to the force of the waves, of which we have heie a model, 
was erected on the chief rock of the dangerous group of 
the Smalls, situated about iS^ miles off Milfoid Haven, by 
Mr. John Phillips, a merchant and shipowner of Liverpool. 
The work was designed, and erected under great difhculties, 
by Mr. Henry Whiteside, a native of Liverpool, and a man of 
great mechanical skill and undaunted courage. Added to his 
mechanical ability, Whiteside possessed a great love and know- 
ledge of music, and had, previous to the erection of his light- 
house, excelled in the construction of violins, spinnettes, and 
upright harpsicords. The lighthouse, commenced in i 77 ^* was 
intended to be erected on eight cast-iron pillars, sunk deep into 
the rock ; this material was, however, soon abandoned for 
English oak, as being more elastic and trustworthy. The 
work was completed and lighted in 1776 with eight lamps 
and glass faceted reflectors, similar to the one before us. 
In 1817 sixteen improved lamps and silvered paraboloidal 
reflectors were substituted for these ; and the lighthouse, al- 
though sorely tried by winter storms, was (with the aid of yearly 
repairs and strengthening) enabled to send forth its beneficent 
beam until the year 1S56, when the Trinity House commenced 
the erection of a lighthouse of granite, as shown by this model. 
The vibrations of the old wooden structure must have been very 
considerable with heavy storms, for the lightkeepers occaKionally 
found it sufficient to cause a bucket of water, placed in the 
living-room, to s^pill just half its contents. It was in this light- 
house that the painful circumstance occurred in the year 1802 
of the death of one of the lightkeepers. In those days only 
two men inhabited the lighthouse at a lime ; one of them was 
taken ill, and the means employed by his companion for obtain- 
ing relief proved ineffectual ; be hoisted a signal of distress, but 
owing to stormy weather no lauding could be effected, and after 
many <lays of extreme suffering, the poor fellow, named Thomas 
Griffiths, breathed his last, when the survivor, Thomas Howell, 
full^ reali2ed the awful responsibilities of his position ; decom- 
position would ouicUly follow, and the atmosphere of the small 
apartment would be vitiated. The body could not be committed 
to the sea, as suspicion of murder would probably follow. Howell 
was a cooper by trade, and he was tnus enabled to make a 
coffin for his dead companion out of boards obtained from n par- 
tition in the apartment. After very great exertion the body was 
carried to the outer gallery, and there securely lashed to the 
railing. For three long weeks it occupied this position 
before the weather moderated, yet night after night Howell 
faithfully kept hig lights lirighify burning. When a landing 
was at !a I effected, his attenuated form demonstrated the 
sufferings, bo'lh mental and physical, he had undergone ; indeed, 
several of his friends failed to recognize him on his return to his 
home. Since this sad occurrence the Trinity House have always 
maintained three lightkeepers at their isolated rock stations. 
The prc,'»cm lighthou'^e was designed by the late Enginecr-in 
Chief of the Trinity House, Mr. James Walker, F. R.S., and I 
had the honour of executing the work as resident engineer. The 
foundation-stone was laid on June 26, 1857, and the light wa? 
exhibited on August 7, 1861. The work was completed by the 
Trinity House, at n co.st of 125, being about 24 per cent, 
under the lowest amount at which it had been ascertained that 
it could have been executed by contract. 

rrobablv the most exposed rock lighthouse is that on the 
Bishop (the westernmost of the rocks of Scilly), shown in 
Fig. I. Its position is doubtless one of the most important 
to mariners, warning them, as it does, of the terrible dangers 
where, on October 22, 1 707, Sir Cloudesley Shovel, with the 
EagU^ and Romney^ w'cre lost, with about 2000 men. 
The Bishop is also the guiding light f jr the entrances to the 
English and Bristol Channels. The rock, composed of a very 
hard, pink-coloured granite, is about 153 feet long by 52 feet 
wide at the level of low water of spring tides. It stands in 
over 20 fathoms water, is steep* to, all round, and is exposed fo 
the full fury of the Atlantic. It was at first feared that the width 
of the rock was not sufficient for the base of a stone tower of 
adeoutfte dimensions to with'^tand the heavy wave-shocks it 
wotiJcl have to resist, and an open structure of wrought and cast 
iron [shown on the diagram] was determined on. The work was 
jointly designed bv tbc late Et^fineer-in-Chief to the Trinity 
House and my father, the superintending engineer, who after- 


wards erected the structure, at which I had the honour of acting 
as assistant engineer. 



The work was commenced in 1847^ and at the end of jhn 
working sMSon of 1830 the lighthouse was so far complete^ 
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to be in readinesw for receivinff the lantern and the illnmitiating 
apparatus, and it was left with confidence to resist the storms of 
the apptnoching winter. But during a very violent storm, betw^n 
11 p.m. of the Sth and 3 a.m. on the 6th of the following 
February, the lighthouse was completely destroyed, and swept 
from the rock. On further consideration of the matter, the 
Trinity House determined, on the recommendation of their 
engineers, to proceed with a stone structure, and my father wa* 
appointed to build the lighthouse, I acting as before as assistant 
engineer. The work was proceeded with in the spring of 1851. 
In order to obtain the greatest possible diameter of biwe for the 
tower that the rock would admit of, it was found necessary to 
lay a portion of the foundation on the most exposed side of the 
rock, at the level of i foot below low water of spring tides ; and, 
although every possible human effort was made by the leader 
and his devoted band of workers, the foundations were not com- 
plete until the end of the aeason of 185a. Soon after this, my 
brother, Mr. William Douglass, now Engineer in- Chief to the 
Commissioners of Irish Lights, succeeded me as assistant 
engineer at the work. The Jightbouse was completed in J858, 
and its dioptric fixed oil light of the first order was first exhibited 
on September 1 of that year. Soon afterwards, its exposure lo 
heavy seas during storms was fully realized. On one occasion 
the fog bell was torn from its bracket at the lantern gallery at 
too feet above high water, and the flag-staff, with a ladder, 
which were lashcni outside the lantern, were washed away. 
The tremor of the tower on these occasions was such as to 
throw articles off shelves, and several of the large glass prisms 
of the dioptric apparatus were fractured. After some time it 
was found that several of the external blocks of granite situated 
a few feet aliove high water were fractured by the excessive 
strains on the building. In 1874 the tower was strengthened 
from top to bottom by heavy iron ties, Ijolied to the internal 
surface of the walls ; but, after a violent storm in the winter 
of 1881, there was evidence of further excessive straining at the 
face of the lower external blocks of masonry, when the Trinity 
House, on the advice of their engineer, determined on the re- 
erection of the lighthouse. This was HccompIUhed (as 
shown in Fig. i)by incasing the existing tower with carefully 
dovetailed granite mosonr}’, each alternate block of the new 
granite being dovetailed to the old. The work 
was one of considerable difficulty, owing to the 
necessity for maintaining the light throughout the 
progress ; and the risk to the workmen was great, 
especially at the upper part of the old tower, owing 
lo the narrow ledge on which the work had to be 
executed. 1 am, however, thankful to state that 
the new lighthouse has been successfully completed 
by my son, Mr, W. T. Douglass, who was also my 
assistant engineer at the Eddystonc ; and with the 
some complete immunity from loss of life or limb 
to any person employed, as with *he two previous 
structures on this rocK. The optical apparatus con- 
sists of two superposed tiers of lenses of the tyj)e 
adopted at the Eddystone, but of larger dimensions, 
as suggc'^ted by the late Mr. Thomas Stevenson, 
for opining greater efficiency with the larget- 
flame luminaries recently adopted. The apparatus 
is provided with two Trinity House improved 
mineral oil burners, and haa a minimum intensity 
for clear weather of about So, 000 candle units, and 
a maximum intensity for thick weather of atwut 
515,000 candle units, 'Hie character of the light U 
double- flashing, i*howiDg two flashes, eftch of four 
seconds' durmiToo^ itj quick succession, at periods of 
one minute. The flashes of this light, and those 
of a light lately completed at about 8 nautical 
miles uotn it, on Round Isintidk are the , 
intense yet attained wiih oil flames for beacon lights ; and 
it may be slated that, with no other illuminont at present 
known to science could these results be carried out within the 
fcpoce avaikWe.Bt the Bishop Rock, and under ihccircurosiano^ 
Att^ding that work.. The fog signal recently adopted ot this 
RUtion, to lieu of the bell, is by the electrical explosion of 
4'OunQe chatiges of gun-cotton,^ at intervals of 5 minutes. The 
apparatus provided for this form of fog signal U shown in 
Fig, 1, li consists of a wrot^t-iron crane (attached to the 
lantern) whidh is raised and Towered by a worm-wheel and 
jdni^ when the crane is lowered, its end reached near the 
gimy, where the lightkeeper suspends the charge of gun- 


cotton, with its detonator attached, to the electric cable, which 
is carried along the crane and through the roof of the lantern to 
a dynamo-electric firing machine. After Buspending the charge,, 
the jib of the crane is raised to its upper position, whim the 
charge is fired nearly vertically ovei the glazing of the 
lantern, and thus without causing damage to it. ^ The 
large and heavy optical apparatus is rotated automatically 
by compressed air, which is stored in two vertical steel reser- 
voirs, fixed at the centre of' the tower. The air is compressed 
by a small Davey safety motor. A winch, worked by the 
compressed air, is fixed on the lantern gallery for landing the 
lightkeepers, stores, See, Fig. a is a sketch, from actual obser- 



vation, ol the height and form of waves on the tower during a 
storm. 

The numerous outlying shoals surrounding the shores of this 
country, particularly off the cast coast, were an early cause of 
anxiety to those responsible for the guidance of mariners, And 
in addition to buoys as sea-marks by day, floating lights, as 
guides by night, were found lo l>e a necessity. The first light - 
vessel was moored at the Nore Sand in t 732 » and another near 
(he Dudgeon Shoal in 1736. We have here a model of the 
i.-ittcr vessel, from which we may judge of the pluck and hardi- 
hood of the crews who manned them, especially when we 
remember that there were no chain cables in those clays, the 





vessel having lo be moored with a cable of hemp, which, owing 
lo the constant chafing, occasionally parted during winter 
'stotms, when, lo save ihtir lives, the crew had to put out 
another anchor if possible, or tet such storm canvas as they 
could to keep her on a lee- shore, and endeavour to reach a place 
of safety. The illuminating apparatus of these vessels consisted 
of a small lontern and flat- wiclt oil lamps, fixed at a yardarm, 
and here appears to have occurred the first application pf a 
distinctive cnaracter to beacon lights, for the Dmfgeon was fitted 
with two lightR, one being placed at each atm of the yard (Fig. s)- 
The next light-vessel was placed at thcNcwarp Shoal in 1790, and 
in 1 79 S one was placed at the north end of the Goodwin Sands. 
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The two latter veieels were provided with three fixed lights^ arvd 
'the lanterns were larger, and surrounded each ma^U^head, as 
' shown by the model b^ore us. An improvement was aUo 
' eflfected in these lights by providing each lamp with a siivercfJ 
’ reflector. 

In 1807 the late Mr. Robert Stevenson, the engineer of the 
Belt Roctc Lighthouse, to whom and his succesaors are due 
much valuable engineering and optical work connected with 
coast -lighting, designed a larger lantern to surround the mast, j 
and capable of being lowered to the deck for properly frimming the | 
tamps (Fig. 4). Soon after the adoption of the system of catoptric j 
illucnination in lighthouses, it was extended to floating lights; | 
each lamp and reflector was hung in gimbals, to insure hori- 1 
zontal direction of the beam^ of light during the pitching and | 
rolling of the vessel. Wc have here one ol these apparaui*. I 
The intensity of the beam sent from it was 500 candle units, | 
4iearly. j 


On January x, 1B37, the 7 'rimty House installed the flrst 
j revolving floating light, at the B win Middle, and later in the 
same year another, on board the light'Vessd, 'I'be laiam 
I and reflectara were carried on a roller tram 3 surrounding 
I mast, and rotated th/ough light shaftings by oloclcwork {daced 
lietween decks. There were nine lamps and reflectors arranged 
in three groups, of three each, and thus the collective intensity 
of each flash was equal to that of three fixed lights, or 1500 
candle units, nearly. In 1872 the Trinity Houve further 
increased the dlmensiora of the lanterns and reflectors of their 
floating lights— the lanterns from 6 to 8 feet in diameter, with 
cylindrical instead of I'joly^onal glazing, and the reflectors from 
12 inches to 21 inches diameter at the aj^rtuTO. These im- 
provements, together with the adoption of itnpr'ived burners, 
have effected a considerable increase in the intensity of these 
lights ; and during the last two years a ftiriber improvement has 
been obtained by the adoption of concentric wick burners with 



-anore condensed flames, and of higher illuminating power, by , 
which the intensity of the beam from each reflector has been 
vBiaed to 5000 candle units, being just ten times the intensity of 
-the smaller apparatus ; while, by the adoption of mineral oil in 
lieu of colza, the annual cost for the ilium inant has been I'educed 
50 per cent. 

Dioptric apparatus was proposed for light -vessels by M. 
Letoumeau in 1851, several small fixed -light apparatus lieing 
intended to be employed in each lantern, and arranged nearly 
in the same way as the reflectors This arrangement has been 
adopted in some instances by Messrs. D. and T. Stevenson, 
Engineers to the Commissioners of Northern Lighthouses, and 
by the engineers of the French Lighthouse Service; but, for 
-efficiency and adaptability to meet the rough duty to which 
floatfhg lights are occasionally subjected in stormy weather and 
collisions, this system has been found to be inferior for this 
^rvice to the catoptric. 

An interc ting experiment w^^s recently made the Mersey 
Docks and Harbour Board with the eleciric arc light, on board 


one of their light- vessels, at the entrance of the Mersw t but 
unfortunately it did not prove successful. The present dimettltks 
experienced afloat with this powerful ilium in ant will doubtless be 
overcome, and it will he found to be, as in lighthouses, by farthe 
most efficient illaminant for Some st^ial stations, whereahiaW 
intensity than can be obtained with flame luminaries is demandtd, 
Experiments have been in progress during the past two yeom 
at the light-vessel, off the coast of Essex, ^ maiatiu^tsg * 
electrical tolegrapbic oommunication with the shore for repotrihm 
wrecks and casualties in the locality. This vaasel is connected 
with the post office at Wol ton-on- Naze, through nine miles of 
cable. The instrsments adopted are the Wheatstone ABC 
Morse, and the Oower Bell telephone, the telephone faff fiho 
first time for this pomse oa board a vessel at sen* and ii» eA* 
cicnoy has been foond to be so pevfect that it H preferred By tibe 
operators to the telegraphic instruments. Many difi&culties h$t$ 
been experienced in maintaiakg trustworthy comnMUikmM 
during Mormy weather, owing to consequent wear and learuf ‘3m 
connections with the vessel, but the system, which was desigiM^ 
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god cftTiied out by the Telegraph Conslrvict ion and Maintenance | 
Company} is now working fialisfactorily. Unfortunately} how- 
ever, it U found to be too costly for adoption except in very 
special cases. 

{To be continued . ) 


A B7LL TO PROVIDE TECHNICAL EDU~ 
CATION IN ENGLAND AND IVALES. 


following bill, introduced into the House of Commons ' 
^ by Sir Henry Roscoc on Ijcbalf of the National Asso- 
ciation for the Promotion of Technical K ducat ion, was read a 
second time without opposition on Wednesday, May 8 : — j 
Whereas it is expedient that due provision should be made for . 
technical education in public elementary schools and elsewhere; ; 

Be it therefore eniacted by the (Queen's most Kxcetlcnl j 
Majesty, by and with the advice and consent of the Lords | 
Spiritual and Temporal, and Commons, in this present Parlia- | 
ment assembled} and by the authority of the same, as follows ; 

1 . 'this Act may be cited as the Technical Education Act} 
iHSo, ! 

7. (i) After the of this Act any school board may j 

make provision for giving technical education in any school I 
under their management, and either by day or evening classes, 1 
or both, as may seem fit, having regard to the daily occupations [ 
of the persons to be benefited iheicby. | 

(3) If no such provision is made, or if it is insufficient, ond | 
if the local authority liy special resolution determine that | 
provision or further provision ought to be made, they may them- j 
selves make such provision. 

3. Where technical education is given in any school, not being 
a public elementary schaol (including for ihc purposes of this 
section any college), which is not under the management of a 
school board or local ruthority, and is either within iheir 
district or accesKtblc to the inhabitants thereof, the school board 
or local authority may contribute or they may join together with - 
other school boards or local authorities in contributing from their 1 
respective funds towards — I 

(a) the maintenance or impiovemtnt of that school or of its 1 
provisions for technical education ; or 

{h) the payment of the fees at that school of deserving : 
students Who before proceeding to such school have been 
resident in the district of the contributing board or authority; 

(c) the estalilbhment of scholarships for deserving students. 

The mode in which and the terms upon which contributory 
school boards and local authorities shall be rcprcscnird upon the 
governing bodies of schools receiving such contributions, so far ’ 
as technical instruction is concerned, shall be such as may be 
agreed upon between the school boards, local authorities, and ' 
governing bodies respectively in each case. 

Every such contribution shall be deemed to be expenses of i 
such school board or local auihoi iiy incurred for the purposes of ; 
this Act. 


4. ( t ) li^kerc any school in which ch nical (ducaihn is in 
fursuan e of this Ad is also n pnblP elfmeniary school^ a pailia- 
mentary ^^ant may he made to such schend hy the Educaiiosi 
Department and by the Science and Art Department^ or hy eithep' 
of such Departments. 

. (2) The conditions required to be ftdfiUcd hy smh school in 
oraer to obtain an annual parliamentary shall be those 

contained in tnimiUs issued by the Committee of Council on 
Eaucation. 

(3) Any minute made in pursuance of this section shall not 
come into force until it has lain on the table of both Houses of 
Parlkment for one inwith, 

(0 inhere any schoolin which technical education is given 
in pursuame of this Act is not a public efemeniary sekooi^ a 
paniamenta^y grant may be made to such school by the Science 
and Art Depisrtment, subject to such conditions as that Department 
mmc prescribe, 

(2) Any minute made by the Science und Art Department in 
punoance of this section shall not come into force until it has 
mtk on the table of both Houses of Parliament for one month. 

I?, (I) All the provisions of the Elementary Education Acts 
to the powers of school boards wUh respect to sufiBclent 
ttocommodari^n, fees, the ^soMnatkm of school boards, and the 
of land, shall to school boards in whose 

*u6oc»ls technka] educati<^ is given, or tp be give", hnder this 
Act ; ^tid a school shall not cease to be a public elementary 


school within the meaning of the Elementary Education Acts by 
reason of technical education being given therein. 

(2) A school which is ur.der the management of a school 
board, and in which technical education is given under this Act, 
shall be conducted in accordance with the same regulations aS an 
elementary public school under the Elementary Education Acts r 
Provided, however, that every such f^chool shall be open to the 
inspection of any inspector appointed Viy the Depart ment of 
Science and Art, as well a? of Her Majesty’s insjwctors as. 
defined in the EZlementary Education Acts, 

7. The expenses incurred by any school board in carrying this 
Act into effect, including any contributions made by the school 
board in aid of technical education in schools not under their 
management, shall be deemed to be expenses of the said school 
board within the meaning of the Elementary Education Acts, 
and payable accordinjjly. 

A ‘■chool board shall have the same powers of Ix>rrowing for 
the like purposes, but subject to the same consent and other 
conditions, as they have under the Elementary Education. 
Acts. 

8. The expenses incurred by a local authority in giving effect 
to this Act, including any such contributions as are above 
mentioned, shall be payable out of the local rate. The local 
authority ^haU have the like powers of boi rowing for the 
purposes of this Act, but subject to the same conditions, as for 
other purt^wses. 

9. The provisions of ihis Act with respect to a local authority 
shall not apply to the Metropolis. 

10. It shall be competent for any school Ioar<l or local 
authority, should they think fit, to institute an entrance examin- 
ation in reading, writing, and arithmetic for ]>crsons desirous of 
attending technical schools or classes under their management, or 
to which they contribute. 

11. For Inc purposes of -this Act the expression “technical 
education ” means instruction in — 

(i.) Any of the branches of Science and Art with respect to 
which grants are foi the time being made by the Depaitmenl of 
Science and All. 

(li.) The working of woed, clay, metal, or other material for 
the purposes of .irt r>r handicraft. 

(iii.) Commercial arithmetic : commercial geography ; model ri 
languages ; book-keeping, and shorthand. 

(iv.) Any other subject applicable to the purposes of agricullure, 
trade, or commercial life and practice, which may he sanctioned 
by a minute of the Depailmcnt of Science and Art made on the 
representation of a school board or local imihority that Bucb a 
form of insiruclion is suited to the needs of its district. 

12. The piuvision to be made for technical education under 
this Aci may inchulc the providing of school laboratories, 
apjiaraius for teaching and experiment, museum.s and their 
contents, libraries, books, workrooms, schools or schoolrooms, 
or the improvement of existing provisions ol any of those kinds,, 
anti the maintaining of ibe same in such manner as may be 
necessary to give effect to this Act. 

13. (i) Save as otherwise provided by this Act the ex- 
pressions '^school board,” “public elementary school, 
“managers,” “parliamentary grant,” and “ Education Pepail- 
meiu,” respectively, have the -amc meaning in this Act as in 
the Elementary Education Acts. 

(2) The expression “ local authority” means in any borough 
the council ot that borough, and elsewhere the district council if 
district councils are established under any Act of the present 
aesMon of Tarl lament, but if not then the urban sanitary 
authority or where there is no urban aanitaiy authority the 
county council. 

The expression “ local rate ” means in a borough the school 
fund or borough fund or borough rate, and elsewhere the general 
district rate or othtr rate corresponding theielo. 

14. This Act s-hall not apply to Scotland or Ireland. 


SCIENTIFIC SERIALS, 

Eulleiins de la Soeiki d!' Anthro^ ologic., tome onzieme, &( 5 rie 
iii., fasc. 4 (PaiUt 1888).*— Conclusion of M. V a riot's paper on ihe- 
rcmoval of marks of tattooing ; and on an instrument for tattoo- 
ing, by the same writer, — Un the sacrum of a chhnpanxce, by 
M, Chttdzinaki. In this coae the sacrum was conrp^ed of sever> 
vertebra?, the normal number in the Anthropoids being onljK five,, 
or at most six.^ A process for mounting histological specimens 
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treated wnder paraffin, by M. Mahoudeau, — A description of 
the cranium and brain in two assassins, by MM. Fallot and 
Alezais. This communication gives a minute analysis of the 
convolutions and other parts of the hemUpheres, while it supplies 
numerous and special measurements of the various parts of the 
skull together with the respective cerebral and cranial indices. — 
On the cranial alterations observable in rachitic conditions, by 
M. Regnault — On the first temporal convolution in the right and 
left hemispheres, in the case of a person who was known to 
have suffered from deafness of the left ear, by M. Manouvrier. 
— A communication regarding the truth of the reports made by 
various travellers that cannibalism exists among the Fueeians, by 
M. Hyadcs. According to thiK writer there i'. absolutely no 
ground for this charge. — On a Peruvian bell, by M. Verneau. 
— On the antiquity of Egypt, and the evidences of its con- 
dition in prehistoric times, by M. Beauregard. In this 

very exhaustive article the author passes in review the material 
evidence remaining of the ages of cut and polished stone 
and of bronze. lie believes that Egypt at the time of the 
Pharaohs exhibited the mixed condition of combining the 
use of Hint implements with the simultaneous acquaintance 
with the means of extracting copper, and blending it with 
other metals, including tin, although no distinct hieroglyphic 
for the latter has been recognized in the older language 
of Egypt. It remains undetermined where and when first 
the ancient Egyptians obtained the tin which enters into 
the bronze fabricated in the valley of the Nile as far back 
as the seventeenth century before our era — On the birth rate in 
France, by M. Chervin. This paper contributes the most 
elaborate and detailed series of statistical tables, for the separate 
departments, of the bii ths, morriages, and deaths registered, as 
well as of the numbers of children born in a definite number of 
households. The means obtained from these lists show that 8 
per cent, of all the marriages in France are sterile, and that while 
25 per cent, yield only one child, 100 families supply a mean of 
only 259 children. Many curious points of interest are suggested 
by this complex report, but it does not do much to explain the 
causes of the want of increase in the pDpulaiion of France, as 
compared with that of other ciun tries. —On the hinged and 
cantoned cros^ in Cyprian decorative art, by M. Max Richter. 
The remains of ancient art in Cyprus strongly resemble those of 
Hltfsarlik, excepting that there is no trace of the swastika^ or 
hinged cross on the decorated red jars of the Bronze Age, while 
its later appearance and disappearance in Cyprian art appears to 
coincide with the predominance and decline of Phoenician in- 
lluenco. — On the survival in Brittany of some of the usages and 
privileges of clanship, by M. Sebillot, — On a semi-pagan pro- 
cession on St. John's day, in th; Basses Alpes, by M. A maud. 
From time immemorial the peasants of Lauzet have proceeded 
after the benediction of the neighbouring lake to throw stones 
into its waters amid loud and angry cries of vengeance against 
the evil spirits who bring rain and hail storms. In thi'i strange 
ceremony ilie local curl is constrained by popular will to take 
part,-— On phallotomy among the Egyptians, by M. I-etourncau. 
—On the centre of creation, and the first appearance of the 
human race, by M. Lombard. The writer suppoits Signor 
Saporta’a view that vegetable forms, which now cover our con- 
tinents, have spread slowly and continuously from north to south, 
recent species forcing back or obliterating those of more ancient 
origin. The Iaw.s which Signor Saporta endeavours to establish 
for the diffusion of vegetable forms, M. Lombard thinks may 
be extended to the animal kingdom, including man, whose 
cradle he would seek in circumpolar regions. — Report of sixth 
Conference on Troniformism, under the presidency of M. Duval, 
M. Bordier.— Report of fifth Broca-Conference, by M. 
Topinard, a member of the commission for awarding the prize 
instituted by Madame Broca in memory of her husband. The 
memoiis presented between 18S5 and 1888 are not numerous, 
but great value attaches to two among these works, viz. the 
general ethnography of Tunis, by Dr. Renti Collignon, to whom 
the Broca Prize for r888 has been unanimously awarded ; and 
ethnological researches in regard to the human remains dis- 
covered at Spvt by M. Fraipont, who received a silver medal in 
recognition of the great merk of his work. — On the longevity 
of the B. rber races, by M. Letoumeau,— On a PaloetSlithic 
station on Mont Roly, and on a novel flint implement, by the 
Abht Blanquet, — On an ancient cemetery at Biskra, Algeria, by 
M. de Mortillet.— On a sepulchral dolmen, discovered at 
Natiteail-le-IIoudouin (Oise), by MM. Collin and Lair.— A 
prehistoric station at Fnleuse (Scine-et*Oise), by M. Vauville. 


The numbers of the Botanical GetutU fCrawPordeville, 
Indiana) for March and April contain a csrerul study of the 
histology of the leaves of Taxodium by Mr. Stanley Coulter, 
and a description of a number of new North American moites, 
with illustrations, by Messrs. Kenauld and Cardot. It is an 
evidence of the attention paid in the United States to micros 
scopical technique, that this magazine frequently contains (as do 
both the numbers now before us) valuable hints as to the pre- 
paration of sections of tissues for the microscope, the use of stain- 
mg reagents, or objects specially well calculated to deniDnstrate 
dinicult points of structure. 

In the Journal of Botany for April and May, Messrs. Murray 
and Boodle complete their account of the genus Avrainvillea of 
Siphonocladaceue.— Students of conifers will read with very great 
interest Dr. M, T. Masters’s attempt to distinguish the North 
American pines, Abies lasiocarfa^ A, bifolia^ and A. suba/finaf 
with their varieties or subspecies. The paper is Uliistrated by a 
series of excellent woodcuts.— ‘Most of the other papers in these 
numbers are of special interest to students of British plants. 

The N'uovo Giornak BotanUo Italiano for April, a large por- 
tion of which is devoted to a report of the proceedings of the 
Italian Botanical Society, contains several articles of general 
interest besides those devoted to the Phanerogamic and Crypto- 
gamic botany of Italy. — Dr. H. Ro.ss has an interesting article 
on the assimilating tissue and development of the periderm in the 
branches of plants with few or no leaves. — In pursuance of his 
careful examination of the Nymphreacese, Prof. G. Arcangeli 
now contributes a paper on the seeds of Victoria regia. — Signor 
U. Martelli adds a species to the few hitherto known of the genus 
Biccia^R. atromarginata from Sicily. — Signor C. Lumia gives 
the result of an examination of the composition of the gas found 
within the inflorescence of the common fig in an unripe condition, 
which contains more than 5 per cent, of carbon dioxide, showing 
that an active process of res()iration must go on within the recep- 
tacle. — Signor G. Cuboni gives an account of experiments carried 
on with a view to check the plague of grasshoppers by infecting 
them with a parasitic fungus, Entopnophthora Gryliit which 
had, however, only negative results. 

Rtnjuoptii del Rcak Istituto Loppibardo^ April. — Paiaionto- 
logical notes on the Lower Lias of the Lombard fore- Alps, by 
Dr. C. F. Parona, 'I'hese notes arc communicated pending the 
publication of the author's exhaustive treatise on the fauna of 
Saltrio, They deal especially wiih the palajonlological features 
of the Bergamo and Como districts in connection with the 
various faunas that flourished in the Lombard Sea during the 
Lower Lias epoch. The results of this summary j^urvey agree 
gener.illy with the conclusions arrived at by Prof. f>e Siefani in 
his comparative study of the various Lower Lias formations 
throughout Italy. — New measurement of the ourvature of sur- 
faces, by Prof, Felice Casorati. A new soluiion is presented of 
this problem, that of Gauss being shown to be defective and 
inadequate, although he laid the first solid foundation for the 
study of the subject in his classical work, ** Disquisitiones 
general es cire.a superficies Curvas.” — Prof. Giovanni Zojn con- 
tributes some h»storical noles on the cabinet of human anatomy 
in the University of Pav‘a, dealing more particularly with the 
peflocl from 1815 to 1864 under the able ad minis’ ration of 
BaAoIomeo Panizza. 


SOCIETIES AND ACADEMIES. 

London, 

Royal Society, May 9.—*' Zirconium and its Atomic 
Weight.’^ By G. H, Bailey, D.Sc., Ph.D.. the Owens College, 
Manchester. 

Before proceeding with any final estimation, those salts' of. 
zirconium which were at all likely to be of service in the 
determination were exhaustively examined with special 
to their stability in presence of reagents and under the action 
of heat. 

It was found that in consequence of their instability and 
tendency to form numerous oxychlorides, neither the chloride 
nor the oxychloride could bo relied upon, and that the sulphate 
was the moat suitable salt to woiik with. Even this ^alt when 
healed above 400" C. undergoea^grodual <lecompositiod with the 
production of basic salts, k quite stable Upio this 

temperature A special milnM (applicable in a nuwtber of 
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olh«r Atomic welghte) was devised by which the normal salt 
could be obtain^ free from acid on the one hand* and from I 
basic salt on the other. In order to have a sufficient check on 
the results, the carefully purihed zircon ia was further treated 
by foutjjerfcctly intlependent methods. 

(dF) Tne sulphate was prepared and its solution precipitated 
by means of hydrogen peroxide. 

(^) The tetrachloride Was prepared and its solution pre- 
cipitated by ammonia. 

(r) The sulphate was recrystallized several times from con- 
centrated sulphuric acid and precipitated by ammonia. 

{(i\ The oxychloride was prepared and recrystallized and 
precipitated by ammonia. 

The average values obtained from the sulphate prepared 
from the specimens of zircon ia so treated by determining the 
relation ZrCSO^lg : ZrOj, were ^ — 

{ a ) 90*402 ) 

(f) ^‘47? 90-401. 

(O’) 90-30 ) 

In addition to the investigation of the salts which have been 
used in the estimation of the atomic weight, observation.^ on 
the peroxides of zirconium <!iscovered by Cftve and the author 
are embodied, ns well as an examination of the so-called 
metallic zirconium. 

^‘Determining the Strength of Liquids by means of the 
Voltaic Balance.’^ By Dr- G. Gore, F.R.S. 

This method is based upon the circumstance that the greater 
the degree of concentration of a solution the larger is the amount 
of dilution required to reduce its voltaic energy to a given magni- I 
tude. The method of measuring the energy is described in 
R(wal Society Proceedings, vol. ) 3 v. p. 268. ! 

In the present research a known volume of solution was taken, ; 
and the proportion of dissolved substance in it was found by 
ordinary chemical analysis. A second portion was taken, its 
specihe gravity ascertained, and its degree of strength found by 
aid of the ordinary published tables of specific gravities. A 
third portion of known volume was then taken, its average 
amount of voltaic energy measured, and its degree of concen- 
tration ascertained by the amount of dilution required to reduce 
its voltaic energy to the same magnitude ; the less dilute it was 
at starting the greater the amount of dilution required. The 
following are the results : — 

By HCl. HaS04. HNOj,. NaCl NaaCOa- HgN. 

Chemical analysis ... 1*85 .. 5 60 ... 2*97 ... 9*13 ... 7 21 ... 105 

Specific gravity ... 170 ... 5*44 ... 2*80 ... 874 ... 7*63 ... i'03 

Voltaic balance ... i ’65 ... 570 ... 2 90 ... 871 ... 7*57 ... 1*06 

A much less quantity of the substance is usually required by 

the voltaic balance method than by either of the other ones, and 
the operation is very quickly performed. 

Physical Society, May n. — Prof. Rdnold, President, in 
the chair.-— The folUiwing communications were read r —On an 
electrostatic field produced by varying magnetic induction, by 
Dr. O. J. Lodge, F.R*S. This paper de$cril>cs a resoarcii 
mode with the object of finding some connection between static 
electricity and magnetism, Several methods of attacking the 
problem, such as rotating or varying the strength of magnets in 
the neighbourhood of delicately suspended charged bodies, are 
indicated, and the one selected was based on an ulea of Mr. A. 
Pr Chattock, who conceived that a charged liody in the vicinity 
of a closed magnetic circuit would be affected by varying the 
magnetic Induction. From the theory of the effect it is shown 
that the magnitude of the quantity sought is exceedinglv small, 
for the expression involves tne inverse squere of the velocity of 
light. The E.M.F, induced in any closed curve round the 
magnetic circuit or solenoid by varying the induction, 1, is given 
by-- 

'""S • (0 

If an EkM.F.t e, act on "a charge, Q, at distance r from the 
axis of the solenoid, the work done in one revolution will be 
#Q, and 

e|Q ax F . gwr* (a) 

F is fhe mechanieal.<( 3 ^ Now if the E.M.F. in (i) 


is the same as that in (2), the impulse given to the charged 
body by destroying the induction will be — 






- IQ 


( 3 ) 


Since 1 = times a length, and Q = jV =a KV 

times a length, 

... 4, = Km 9YA and ^ 

The magnetic circuit actually used was a wire Gramme ring of 
trapezoidal section, wound with copper over only a part of its 
periphery. The indicating apparatus was a suspended neetlle, 
consisting of two oppositely charged iKJdies carried on a small 
shellac arm, to which a mirror or pointer was attached, and 
was suspended vertically in the plane of the ring. Great dif- 
ficulty was experienced from Foucault's currents when metallic 
films were used for the neerlle, and the magnetic properties and 
other semi-conductors tried further complicated the matter. 
Eventually, the charged bodies were made of paper, in the form 
of cylinders one- eighth of an inch diameter and three -eighths 
of an inch long. Considerable trouble was caused by the elec- 
trostatic action between the needle and exciting coils, and various 
methods of screening were tried and abandoned, and subse- 
quently the wire was replaced by a single spiral of copper rib- 
bon, the outer turn of which was put to earth. Observation was 
rendered difficult, owing to the wandering of the zero when the 
needle was charged, but this was minimized by suitably shaping 
the contour of flic needle’s surroundings. Heat also created 
considerable disturbance, and the convection currents were cut off 
by a series of concentric cylinders of tin plate. The method of 
observation was to charge the two insulated parts of the needle, 
and then reverse the magnetizing current in synchronism with 
the period of the needle, noting whether the amplitude of any 
residual swing could be increased or diminished according as 
the impulse assisted or opposed the motion. In this way, slight 
indications have been observed, and the effects reverse when the 
charges of the cylinders arc rcvcrse<l. In explaining the theory 
of the experiment, the author made use of a simple transformer, 
consisting of an ordinary hank of iron wire wound over with 
insulated copper and provided with several secondaiy coils ; and 
by it he demonstrate that the primary current increases on 
, closing the secondary, due, as was shown, to the decrease of 
self-induction of the primary caused thereby. Prof. Fitzgerald, 

I in answer to a question from Dr. Lodge as to the influence of 
screens, said he had not fully considered the matter in this par- 
ticular case, and, as the general effect of screens depended on 
the square of “ the subject required careful treatment. As 
a means of checking the results obtained by Dr. Lodge, he sug- 
gested calculating the impulse, and seeing whether its magnitude 
approximately corresponds with that ouserved. Commenting 
on an idea for carrying out a similar experiment attributed to 
him in the paper, in which a charged gold leaf is placed belwtwn 
the poles of a magnet, Prof. Fitzgerald said he nad l>een mis- 
understood, for he had conceived a disk parallel to the faces of 
the magnets, which, when excited, should cause the disk to turn 
in its own plane. Referring to the equations for mechanical 
force given in Maxwell, §619, he pointed out that the coefficient 
of € in the equation— 


X ~ cv - Hv - c 

ought to be P, where — 

P - dh 


d4f 

dx 


da 

'\ix 


^ df “ dx^ 


considered it very important that the existence 
yh u- lestei experimentally. 


and 


term e ,- should be 




of the 
Prof. S. P. 


Thompson mentioned some experiments on which he was 
engajged by which he hop^ to show electric displacement in 
continuaus dielectric circuits, such as a link of gutta-percha. 
Up to the present the experiments had not been successfiil, 
owing to Ills inability to place the two Gramme ring coils used 
into such relative positions as to give silence in the telephone 
connected with the coil used as secondary, when currents were 
sent through the primary. Prof. Ayrton suggested that Dr. 
Thompaona difficulty may arise from the fact that such rings do 
produce considerable external field, even when carefully wound. 
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Tmf. Fitzgerald req-iested Dr. T|io*T>[3;on to investigate the with separation of sulphur and phoRphorua, and formation of 

effects of dlsplacemev^t*currcnts and of changing vector potential, phosphorus ttiSuoride# and eyentuaUy phosphorus penuftuorido^ 

and pointed out that in a single medium the former can produce whilst if the heating be effected in a gUss tube at a snJ^^enily 

no magnetic eflfect. As regards fields containing different high temperature the gas u ultimately converted into BUi<;gtl 

media, he said the calculations would be complicated by the tetrafluoride. Tbiophosphoryl fiuoride combines with am^dpiua 

spurious charges on the separating surfaces. Dr, Lodge, in forming a solid product PfNH-ldSF, and when shaken, with a 

Teply, said heliad calculated the momentum to bj expected in moderately strong solution of alkali it is absorbed with the for' 

one arrangement of hi* experiment In which a suspended aUi- mation of a thiophosphate and a fluoride. — The bo 41 ing'ppiutof 

fniniuin cylinder sur^ound•^ one limb of a rectangular magnetic sodium and potassium, by Mr, £. V. Fermati, Sodium apd 

circuit which formed the core of an induction coil ; one end of ! potassium were boiled in a hollow iron ball which was lieatcd by 
the secondary was put tn the core and the other to the cylinder. ! means of a blowpipe ; the temperature was found in each cate by. 
thus forming a condenser. The result came out about 10“^* dyne | means of an air thermometer consisting of a gloss bulb with a 
second, but he could not say whether such a small quantity was | capillary stem which was lowered into the vapour, sealed and 
observable.'— On the concentration of electric radiati m by lenses, i broken open underwater. The mean result for sodium was 742*, 
by Prof. O. J. Lodge, F, R. S., and Dr, James L. Howard. The [ and for potassium 667%— Note on the heat of neutralization of 
authors’ first attempt at concentration were made with mirrors I sulphuric acid, by Mr. S. U. Pickering, Calculating the value 
“On a comparatively small scale, and, owing to the difficulties | of the heat of neutralization of sulphuric acid in infinity of water 
experienced, it was considered advisable to try lenses. Two i from the results of a series of experiment# on the dilation of the 
la^e cyliiwlrical ones of piano-hyperbolic section were cast of ! acid, the autfior finds that it becomes reduced to 28,197 cal., a 
mineral pitch in zinc moulds,, the plane faces being nearly a metre I value within experimental error, the same as that of two mole- 
square, the thickness at vertex 21 centimetres, and each lens ' cules of hydrogen chloride, —o w diacetyl pentane and a «-dlbcn- 
weighed. about 3 cwl. The eccentricity of the hy}>erbola was made ■ zoylpcntane, by Or, F. S. Kipping and Prof. W. H. Perkin. 
17, to approximate to the index of refraction of the substance, j — Acctopropyl- and acetobutyl -alcohol, by Dr. IL G, Colman 
The lenses were mounted ab'^ut 6 feet apart, with their plane ' and Prot, W. H. Perkin- 
faces parallel, and towards each other on a table in the College ! 

corridor, and an oscillator was placed al)out the principal f cal ( Royal Meteorological Society, May 15.— Dr. W, Marcetf 
line of one of them at a distance of sr centimetres from the I* F.R.S., President, in the chair.— The following papers were 
vertex. The field wa^ expl »red by a linear receiver made out of j read ; — ^^Account of some experiments made to investigate the 
two pieces of copper wire mounted in line on a piece of wood, 1 connection Ijeiween iho pressure and velocity of the wind, by 
and the air-gap bet wee i their inner ends was adjustable by a j Mr, W. 11 . Dines. These experiments were made for the pur- 
screw. When the oscillator worked satt-tfaclorily. the receiver ! pose of determining the relation between the velocity of the 
would respond at about 120 centimetres, and with the lenses the j wind and the pressure it exerts upon obstacles of various kinds 
distance was 45c. The receiver responded anywhere be- exposed to it. The pressuTerplaieA were placed at the end of 
tween the lenses, and within the wedge between the second | the long arm of a whirling machine which was rotated bv steam 
lens an 1 its focal line, the boundaries being clearly defined, j power. The author gives the results of experiments with about 
but no special concentration wai noticed about the focus. ' twenty-five different kinds of pressure- plates. 'Hie presanre 
Interference experiments were carried out by placing a sheet of ' upon a plane area of fairly compact form is about li pounds pw 
metal against the flat face of the second len-s and determining square fool, at a velocity of twenty-one miles per hour; or, in 
the positions of minimun intensity between the lenses, Tlie , <>dier words, a pressure of i pound per square foot is caused by 
difitence between these points was 50 5 cetitimetrea, corre-jpond- a wind of a little more than seventeen miles per hour. The 
ing with a wave-length of 101 centimstre?, whereas the calculated 1 j^ressure upon the same area i > increased by mcreai,in^ the |»ri- 
wave- length of the oscillator was 100 centimetres. Prof. Fitz- ’ meter. The pressure upon a J-foot plate is proportionally lesa 
;gerjad congratulated the authors on their success, and also ' than that upon a plate either half or double its size. Tlveprewnrc 
pointed out that although large oscillators give good results at ' upon any surface la but slightly altered by a cone or rim project* 
-distances within a few wave-lengths, yet at greater distances I ing at the hack, a cone seeming to cause a slight increase, bttt a 
anaoll ones were decidedly superior, owing to the energy of rim having apparently no elfect. — -On an improved method of 

radiation varying as the fourth power of th^ rapidity. He had j preparing ozone paper, and other forms of the test, with starch 
recently made experiments on electric raliatiotis analogous to i potassium iodide, by Dr. C. H» Blackley. Some years ago 
Newton’s rings, and had successfully observed the central dark ! the author made some exiJeriments with the ordinarjr ozone test- 
spot and the first dark band. Referring to Dr. l.odge’s expsri- j papers, but found that the papers did not always give the same 
ments, he inquired whether any traces of dilfraciion were i result when two or more were exposed under precisely the same 
observed near the boundary of the bundle of rays between 1 conditions. He subsequently tried what reaction would take 
the lenses. Speaking of polarizuion experimonts, Prof, Fitz- | place between unboiled starch and potassium iodide wlwn exposed 
gerald said waves reflected from films of water exhibited no | to the influence of ozone ; but the difficulty of getting this spread 
polarization, whereas those reflected from non-conductors were ; evenly upon paper by hand so as to insure a perfectly even lint 
completely polarized. In reply, Dr. Lodge said no diffraction- j after being acted upon by ozone led him to devise anew nwthod of 
effects had been observed, hut in the interference-experimems to ; accomplishing this. Brlefiyt^cribed, it may be said to be a nwthod 
■determine wave-length, the positions of minimum effiect were i by which the starch is deposited on the surf^e of the paper by pte- 
very decided, — The President, in proposing that the thanks of , cipitation, and fitf deIioa*gr and precision in regulating- the 
the meeting l>e given to the authors of the papers, cot^mtulated t quantity on any given surface leaves very little to be desired. — 
the Society on the preseneJe of both Dr. Loage and Prof, Fitz- i Nidcs on the climate of Akossai Nigw Territory, by Mr. F. 
gerald on the present occasion, when subjects with which they 1 Russell. This paper gives the results of observations made feom 
were so well acquainted were brought before the meeting. j February 1887 to October 1888 at Akasss, which is the seaport 

' and principal depot of the Royal Niger Company; and is rif noted 
at the mouth of the River Nun in the Niger Delta. — Wind 
storm at Sydney, New South Wales;, on January 27, xBSth by 
Mr. H, C. Russell, F.R.S, 


fluoride with phosphorus pentasulphide in a leaden vessel at a 
temperature not exceeding 250^ It is a transparent colourless 
gas, which under a pressure of ten to eleven atmospheres at 
-ordinary temperatures condenses to a colourless, mobile liquid. 
It is slowly decomposed by water into sulphuretted hydre^es, 
phosphoric acid, and hydrogefi fluoride, but does not attack 
mercury, and can be stored in a glass ge^-holder. In air it is 
spontaneously inflammable, burning with a greyish-green flame 
formtrfh phosphorus pentafluoride, phosphorus petltexide, and 
sitlphur dioxide, and it spontaoeausly explodes with oaygea. 
When healed, or subjected to electric sparks, it ia decomposed 


Geological aociety^ May 8.— W, T, Blanford, 

Frerident, in the chair. — The following communicaUens were 
read The rocks of Alderney and the CasqueU, by tlie R*v. 
Edwin Hill The author in this paper described Alderney; - 
Burbou, with its surrounding reefs, and the remoter cluster of 
the Canquets, all included within, un area about ten miles long, 
ThercatfiWof the paper was followed by a discussion, in which the 
President, Bonney, Dr. Woodward, Dr. Hicks, and 
took part.— Oh Urn Ashpiington volcanic aerfeti of South 
by the late Arihi^Champemowfte. Communicate by Dr* 
Gmkie, F.K.S. The author descriM^^the general character^ of 
the volcanic rodkv that occupy a considerable area of the 90110^ 
around Ashpringwii; near Totiki They comprise mr hid' 


Chemical Society, May 2.— Dr. W. J. Russell, F.R.S , 
President, in the chair. ^The following papers were road 
Thiophosphoryl fluoride, by Prof. T. E, Thorpe, F. R. S, , and 
Mr, W. J. Rodger, Thiophosphoryl fluoride, PSFj,, may be 
prepared by the action of arsenic trifluorido on thiophosphoryl 
chloride, or by heating a mixture of bismuth trifluortde or lead 
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Uw, the latter being sometimes amygdaloidal and sometimes 
flaggy and apbonitic. The apbanitic ro^s approach in character 
the porphjnritic *‘»chalsteins** of Nossaiiu Some of the rocks 
are touch oitered ; the feisp^s are blurred, as if changing to 
sauMUrite, Hke the felspars in the Lizard gabbros. In other 
cases greeniali aphanitic rocks have, by the decomposition of 
magnetke or iimenite, become raddled and earthy in appearance, 
so os to resent Me tuffs. The beds are clearly interca'ntetl in the 
Devonian group of rocks, and the term Ashprington Scries is 
ajtptied to them by the author. Alrhoogh this series probably 
contains some detntal beds, there arc no irue grits in it. Strati* 
graphically the series appears to come between the Great Devon 
Umestone and the Cockingtoo Beds, the evidence being dls* | 
cussed by the author, however, not so fully as he had intended, as 
the uapt.r was not completcil. I'he President said that the 
thanks of the Society were especially due to Dr. Geikie for 
having rescued this paper from oblivion. Dr. Geikie, after 
alluding to the melancholy interest attaching to the paper, said 
that he had himself urged the author to formulate his ideas 
upon the structure of the country. The present communication, 
however, was alt that was found among his papers in a condition 
for publication. But it is imperfect, and no materials remained 
from which it could be com])lcted ; still it was too valuable a 
piece of work to leave unpublished. There were two principal 
points in this Isst work of Mr. Champernowne : (i)ihenon- 
intrusive character of the beds in question ; (2) their geological 
horizon, regarding which, though, owing to the faulted nature of 
the country, it is rather obscure, Mr, Champemowne’s surmises 
may turn out to be correct. There was no allusion in the paper 
to the compression and shearing the rocks had undergone, to 
which he (Ur. (ieikie) attributed much of the schistose structure 
both of the sedimentary and igneous rocks of the region. The 
flaky beds of which the author speaks can be traced into the 
more massive rocks. The flattening out of the amygdaJoids was 
a striking proof of this mechanical deformation. Some remarks 
on the paper were also offered by Mr. Rutley, Dr. Hatch, Mr. 
Worth, and Mr. W. W. Beaumont, 

Zoological Society, May 7.— Prof. Flower, F.R.S,, Presi- 
dent, in the chair. — The Secretary read a rep irt on the additions 
that had been made to the .Society’s Menagerie during the month 
of April l88q, and called attention to a young male Smaitic 
Ibex {Ca/tra from Mount Sinai, presented by Sir 

James Anderson ; and to a young male of the Lesser Koodoo 
lSir£psi<m>s from Last Africa, presented by George 

S. Mackenzie, — Mr. Sclater exhibited and made remarks on a 
living specimen of an albino variety of the Cape Mole {Ceojyr/ius 
cap^nns), lately presented to the Menagerie by the Kev. George 
H, R. Kisk, C.M.Z. S. — 1 'he Secreiary read a letter addressed 
to him by Dr. L. C. Stirling, of Adelaide, containing a copy of 
Uis description of a new Australian burrowing Mammal, lately 
published in the Transactions of the Royal .Society of South 
Australia, and promising to send to the Zoological Society a 
more complete account of the same animal. -*Mr. Seebohm ex- 
hibited and made lemarks on the skin of a male example of 
P/iasianus c/tyysof/tcias^ which had been transmitted in a frozen 
stale from the Trans-Caspian Provinces of Russia. — A com- 
munication was read from Colonel C. Swinhoe, containing 
dc^iptlona of seventy-five new species of Indian I eridoptcra, 
chiefly Heterocera.— A communication was read from Rev, O. P,* 
Cambridge, containing the description of a new Tree Tiap-door 
Spider from Brazil, proposed to be called iron rosh atruin. 

— Mr, F, E. Beddnrd road tome notes on the anatomy of an 
.toerican Tapir { 7 apirUs tirreshis), based nn a specimen lately 
living, in the Society's Collection.— A communication was read 
from Prof, Bardeleben^ of Jena, on the prwpollex and prochallux 
of the Mammalian skeleton. 'I he author recorded the presence 
of a two- segmented nail- clod pnepollex in Pedttes, and that of a 
tWQ-Begmented pisiform (post- minimus) In BMyrtgus, He also 
stated that he had discovered vestiges of the prtebqllux and prre- 
poUeic In Certain Keptnio. He then passed to the consideration oi 
the Bdesozoic I'iienoJesnms of Seeley, and denied the existence 
of the H 0 pk<hlunare of that author, while he produced good 
fry: believing the same obaemr's second to consist 

of two eletphutSf ai^ hU prseaxial be the basal element 

of a pttehallua.— Mr, Oldfield Thomas read the dWmripiion of a 
new .genus and 'species of Murid* from QueentAand, alBed to 
which be proposed to call Xeromys 

Mnthnnsntical h Walker, F.K.S., 

Pitnidant, in the chair. Rowing commtmicatjoos were 


made ^Oo the solution in integers of equations of the form 
x** + As*** “ o, byS. Roberts, F.R.S.— On the cowcovnitanti^ 

of K- ary quantics, by W, J. C. Sharp.— Note on the G function 
in an clltpiic transfonnation annihilator, by J. Griffiths. — On the 
complete elliptic integrals K, K, G, I, by Dr. J, Kleibe r, Pt'ivat’ 
t/orenf of the University of St. Petersburg. — On the motion of 
an elastic solid strained by extranetms fmees, by Signor Betti 

by synimr/riral aJgtedrmr antt/ys’tSf the author obtains an expres- 
sion, In terms of the rotations oi the element, for the unbalanced 
couples acting on each element of a solid when strained by given 
forces ; and he points out that the result is in accordance with 
a form of the elasiic equations given by Sir W. Thomson — On 
cyclotomic functions, § iii. the cyclotomics belonging to the 
/-nomial periods of the /th roots of unity, where / is a prime 
number, by Prof. Lloyd Tanner. 

Edinburgh. 

Royal Society, April i.-- 5 ir W. Thomson, President, in 
the chair. — Prof. Tait communicated some of the results obtained 
from a series of experiments on impact of various bodies. — Sir 
W. Thomson exhibited and described new forms of magneto- 
static current* and volt-meters, and an electro-static voltmeter 
with a multiple voltaic pile to facilitate graduation. — Mr. A. 
Crichton Mitchell gave an account of the properties of manganese 
steel.— Dr. W. Peddic described an improved method ofmeasui- 
ing small rotations of the plane of polarization by ordinary 
apparatus. — Prof. Tait read a paper on the relations between 
line-, surface-, and volume-integrals. He showed that the well- 
known relation between line- and surface-integrals can be deduced 
directly from a particular case of the equally well-known relation 
between surface- and volume-integrals. 

April 15. — Prof. Sir Douglas Maclagan, Vice-President, in the 
chair. -^The Keith Prize for 1885-87 was awarded to Mr. J. Y. 
Buchanan for a series of communications on subjects connects d 
wdth ocean circulation, compressibility of glass, &c. — The Mak' 
dougall-Brisbane Prize for 1884-86 was awarded to Dr. John 
Murray for his papers on the drainage areas of continents, and 
ocean deposits, the rainfall of the globe, and discharge of rivers, 
the height of the land and depth of the ocean, and the distribution' 
of temperature in lli« Scottish lochs as affected by the wind.— The 
Makdougall-Brisbane Prize for 1886-88 was awarded to Dr, 
Archibald Geikie fornumcrous contmunicaiions, especially that on 
the luKtory of volcanic action during the 'I'ertiary period in the 
British Ule«. — Prof. Swan rcatl an obituary notice of the late Miv 
R. M. Smith. ^ Dr, E. Sang read a pa|H:r on the resistance of the 
ait to the motion of an osulfating body with special reference to 
its effect on time-keepers. — Mr. A. J oh m tone communicated a 
paper on a new and easy mcthotl for the rapid and sure de- 
tection of mercury. 

Paris. 

Academy of Sciences, May 13.— M. Des CIoizcRiix, 
President, in the chair. — The thionic series, by M. Berihelor. 
In this paper the author studies the action of the acid» on 
the thiosul})hates, which throws quite a new light on the 
constitution of the salts of the thionic .series, by deter* 
mining the limits of the heat of neutralization of ihic- 
sulphuric acid. The liberated sulphur reacts vith the thio- 
sulpburic acid before it dccou'poscs, forming comjjlex thionic 
acids. — On mcsocamphoric acid, by M. C. Friedel.— 
The author has prepared this substance by a process differei t 
flora that of Wrerlen, by whom it was first described, and some 
of whose statements are here rectified. Instead of being an 
inactive, non -decomposable acid, it is found to be decomposable 
by simple crystallization.— -On the photographic spectrum of the 
great nebula of Orion, by Dr. W. liuggins. In 1882 the author 
obtained a photograph of the spectrum of this nebula, revealirg 
a new luminous ray with wave-lengih about A 3 730. Two recei t 
photographs taken in 1888 and 1889 enable him to determire 
move acettmtely thU wai'edength, as well as to describe a certain 
number of other luminons lays which occur in the ultra-viokt 
region of the spectrum of the same nebula. These photograpl s 
are figured in a drawing which accompanies the present note. 
The wave-length of the bright ray discovered in 1882 U he: e 
detenmned at IfuggitiK consider# it probable ih; t 

nebulse yielding a speetrerm of Inmlncms rays, with a very fail t 
comiimcrai spcctrucn, which is prolwiWy formed in pUrt by 
luminous rays in close proximity, are at or near the begiflning 
of the cycle of their celestial evolution, while those resembling 
the large nebula in Andromeda have already reached a more 
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advanced phase of their development. The photograph of this 
nebula taVen by Mr. Roberts reveals a planetary system, in 
which some planets are already formed, and their central mass 
condensed. — On the surgical treatment of the foot in cases of 
suppurated osteoi^rthritis, by M, Ollier. Hitherto amputation 
has generally been considered the only remedy ; hut the author's 
experiments show that, by removal of the ankle with abrasion or 
resection of the limiting articulations, the foot may be preserved 
almost in its normal state and with little detriment to loco- 
motive functions. — On the linear expansion of solid bodies at 
high temperatures, by M. Pionchon. These researches show that 
by means of the simple process here described M. .Fiieau's well- 
known experiments may be repeated with the greatest ease. 
M. Pionchon now proposes to apply the process to the study of 
the linear expansion of amorphous and crystalliaced solid b<mies 
at high temperatures — On the direct measurement of the 
retardation produced by the reflection of luminous waves, by M. 
A. Potier. These experiments, which are applicable to a large 
number of substances, constitute a method by means of which 
the retardation may be directly measured, which is caused by the 
reflection of the luminous waves on their surface. — On the 
influence of terrestrial magnetism on atmospheric polarization, 
M. Henri Becquerel. In a previous memoir {Annales de 
Chimie et de Physique^ xix., t88o) the author showed that in a 
cloudless sky the plane of polarization is not generally coincident 
with the theoretic plane (plane of the sun), and further that the 
two should coincide when the latter is vertical, but that, in a 
region near the horizon and the magnetic meridian, the plane of 
^wlarization then deviate*': by a small angle in the direction 
corresponding to the rotation of the plane of polarization of a 
luminous ray traversing a column of air, subject to the magnetic 
influence of the earth. In the present paper he determines both 
the direction and the extent of the rotation, and also shows how 
this display of terrestrial magnetism is associated with some of 
the most interesting questions connected with the physics of the 
globe, — A study of the electric conductivity of saline solutions, 
os applied to chemical mechanics— the acid salts, by M. P. 
Chroustchoff. The author has apiflied M. Bouty’s extremely 
sensitive electrometric method of measuring the electric cem- 
duclivity of liquids to the study of several problems in 
''.herr.ical statics. In the present paper he tabulates the 
chief measurements of the electric conductivity of aqueous 
solutions containing one salt only. — Action of the atmo- 
sphere on manganese carbonate, by M. A. Gorgeu. In this 
paper the author discusses the question whether this action 
can give ri'-e to any of the natural dioxides, as osBumed by 
MM. Boussingault and Dieulafait. — Papers were contributed 
by M. L. Pigeon, on platintc chloride ; by M. Aug. Lambert, 
on the action of borax on the polyhydric phenols and alcohols ; 
and by M. H. Prouho, on the structure and metamorphosis of 
Pimireiia hisfuia, — A c^ipy of M. Seligmann-Lui’s translation 
of Clerk ilaxwell’s classical treatise on “ Electricity and Mag- 
netism '* was presented to the Academy by M. Sarrau. 

Berlin. 

Physical Society, April 26.— Prof. Kundt, President, in 
the chair. — Prof. Kurtdt ^ave a short account of recent re- 
searches on electro- magnetic rotatory polarization, and developed 
the more general point of view from which they had been 
respectively undertaken. Since the time when Karaday disco- 
vered the fundamental phenomena and later physicists had 
accumulated a mass of material on which ob ervations could 
be made, two facts had chiefly presented difficulties in con- 
nection with the established tieory : of thexe one was the 
varying direction of rotation produced by diflerent substances, 
some producing a positive rotation (in the direction of the Am- 
pbrhn current), others a negative rotation ; the other fact was 
the absence of magnetic rotation in doubly-refractive crystals. 
Starting from some theoretical considerations, the speaker was 
ted to surmise that rotation is not wanting in these crystals, but 
Is only obscured by some opposing phenomenon, a view which 
has been fufly connrmcd by experiments carried out at his sug- 
gestion by IDrs. Wedding, Wiener, and clu EoU, When a piece 
of glass was made donbiy Hfractive by pressure, its nu^netic 
roiat^ polarimidn dim wished, becoming w/ when the difficr- 
-cnce in path of the two rays was ; when the diflerence was 
Uien the rotation took place in theopp^ite direction. When 
[he diflference was A, the rotation wa« again #»iV, and it varied 
thus in a wave like manner# with increasingly amaU amplitudes 


until it ceased entirely. Prof. Kundt concluded from this that 
the power of electro-txMgnetic rotatory polarization is common to 
o// substances, whether ciystalUne or isotropous. Ai regards 
the varying direction of rotation, his ou n experiments had shown 
that .«irople substances produce a positive rotation, and com- 
pound bodies a negative rotation ; this lost result may be ex- 
plained by the fact that the Amp^Han currents inaide compooi^ 
bodies run in a direction different from that in the magnetic 
field. The proportionality of rotation to the strength of mag- 
netization is also a property conamon to all substances ; its rela- 
tionship to refraction is being made the subject of further 
researches. Dr. Koenig (from Leipzig) pointed out many 
analogies which exist between the electrical rays discovered by 
Prof. Hertz and rays of light, more particularly the polarization 
of the electrical rays by means of the wire grating and the phe- 
nomena vt inch may be observed in the immediate neighbour- 
hood of the rays as they are advancing in straight lines, pheno- 
mena which are in exact accord with those described by Stokes 
itt the case of light. 

Stockholm. 

Royal Academy of Sciencee, April Q.^Rcsearches on the 
deviations of the plumb line in Sweden, by Prof. Rosen,— 
Resume prtdiminaire d’une recherche exprfrimentale sur l*ab- 
sorption ^dc la chaleur rayon nan te 2>ar les gaz atmospheriques, 

I by Dr. Angstrom — Newly found specimens of Artser brachy* 

; rAynchus, Baill., in Sweden, by Dr, A. Suubeig. — On a singular 
] Tetrarhynchid larva, by Hen* E. L<>nnberg. 
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case as regards girls’ educatioa is still worse. Only from 
two to three hundred girls were in i88x in schools under 
any kind of public supervision! and the Committee 
naturally found great difficulty in devising recommenda- 
tions which should adequately meet a case where, as they 
say, the unsatisfied requirements are so great and the 
available resources apparently so meagre.” Probably, on 
the whole, intermediate school accommodation ought to 
be provided for at least fifteen children per looo of the 
population, making a total of 23,500 school places, l-ess 
than a fifth of this number were provided in xft8i in 
schools under any kind of public supervision or control. 

So much for the state of the case. Lord Aberdare’s 
Committee reported in favour of aid being given to Welsh 
intermediate education both from rates and Imperial 
grants. Progress, however, in these matters is so slow in 
England that nothing has hitherto been done to carry 
out these recommendations except the drafting of a Bill 
by Mr. Gladstone’s Government in 1885. This mcajurc 
was essentially the same as Mr. Stuart Rendel’s Bill which 
is now before the public. 

The Bill embodies most of the recommendations of 
Lord Aberdare’s Committee. It proposes to create a 
Board of Education for Wales, consisting of represen- 
tatives of County Councils. To this Board schemes 
are to be submitted by the Council of each county, to 
meet the educational needs of that district. The plans 
may include the establishment of new schools, the re- 
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IIStTERMEDIA TE EDUCA TION IN WALES, 

I T does not often happen, in these days of slow Parlia- 
mentary progress, that two educational measures, 
having an important bearing on the industrial and the 
intellectual welfare of the country, are read a second time 
within a week of each other. In our last issue we gave 
some account of Sir Henry Roscoe’s Bill for the provision 
of technical education, and expressed our strong hope 
that it, would pass through the remaining stages this 
session. No less heartily do wt wish success to Mr. 
Stuart Rendel’s Bill for providing intermediate and 
technical education in Wales, which was read a second 
time on May 15, after a debate which practically resolved 
itself into a chorus of approbation. It is, indeed, high 
time that something should be done. Secondary educa- 
tion, both in England and Wales, stands sadly in need of 
organization, but the claims of the Principality (to which 
the present measure is confined) arc far stronger than 
those of England, so far as the necessity of immediate 
action is concerned. 

The main grounds on which the special treatment of 
Wales in this matter is based are to be found stated in 
the Report of Lord Aberdare’s Committee on Intermediate 
and Higher Education in Wales, which was published in 
1881. It is there pointed out that the aggregate income 
of the educational endowments of Wales and Monmouth 
amounted to little over / 14,000, against a total of more 
than ;£6oo,ooofor England (excluding Monmouth). Nearly 
a third of these scanty endowments were to be found 
in Monmouth. In the matter of these endowments 
Wales is no better off now than it was then. Since 1881, 
it is true, the educational resources of Wales have been 
increased by the grant of 12,000 a year to the three 
University Colleges of Aberystwith, Bangor, and Cardiff. 
But even including this sum, which is really intended for 
higher education, the educational income of Wales is 
not nearly so great in proportion to the population as in 
the case of England, and what there is is so unequally 
distributed as not to be available where the need is 
greatest. 

The result is that in many counties of Wales inter- 
mediate education can hardly be said to exist. The 
Schools Inquiry Commission estimated that about sixteen 
hoys in every thousand ought to be receiving intermediate 
or higher education. The following quotation from the 
Report to which we have referred will show the destitution 
which existed in Wales in 1881, and which unfortunately 
still exists to a great extent to-day ; — "Taking the popula- 
tion of Wales and Monmouthshire to be about 1,570,000, 
and reducing the estimate in consideration of the excep- 
tional conditions of Wales from sixteen to ten per 1000, 
intermediate school accommodation should be provided for 
15,700 boys, ^d that number ought.to be in attendance. 
In ctmtrast to this, our returns show accommodaiion in 
the public schools for less than 3000, and that accommoda- 
tion to a great extent unsatisfactory. They also show an 
&mndanc$^l less than 

Thir Estimate only applies to ho^s^ and the state of the 
VoL. XL.— No. to22. 


organization of endowments, and the provision of scholar- 
ships. The Board may approve or alter the plans, and 
the funds required to carry them into effect are to be raised 
by a rate not exceeding one halfpenny in the pound— 
a sum, by the way, which will produce about 14,000 a year 
for the whole of Wales. This sum may be met by a 
Parliamentary grant not greater than the amount raised 
from the rates, subject to favourable reports upon in- 
spection. Powers are given to reorganize and utilize 
existing endowments, and there may no doubt be some 
difference of opinion as to the extent and nature of the 
powers in relation to this matter which the Bill proposes 
to give to the new Board of Education. 

There are a few criticisms which may be made on 
points of detail. The Board of Education ought un- 
doubtedly to include not only representatives of the 
County Counoils, but a certain number of educational 
experts. The County Councils should likewise be em- 
powered to co-opt men of special knowledge to help in 
the preparation of their schemes. But on such points 
the representatives of Wales — a country where, as all who 
know it well will admit, there is a sincere zeal for educa- 
tional progress— will not be likely to offer unreasonable 
opposition. 

On the whole, the Bill is a most important step in 
advance, leading, as we may hope, ultimately to the or- 
ganization and supervision of secondary schools through- 
out the Kingdom. All interested in the advance ot 
scientific and technical teaching ^ow how higher 
institutions are crippled by want of better teaching in 
secondary schools. The teachers in technical schools and 
higher colleges in England constantly complain of the 
want of preparation of those who come to their institutions 
from private schools. In Wales much of the work which 
the University Colleges are now compelled to do ought to 
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be done in intennediate schools. We hail the fact that 
the Bill was read a second time as a sign that the public 
are waking up to the very great importance of this side of 
the educational problem. 

FLORA ORIENTALIS, 

Flora Of ienialis^ r/tv Enutneraiio Pfnntm um in OrienU 
a Gracia et Mg^pto ad India Fints hucus^ue Obser- 
vaiarnm. Auctore Edmond Boissicr. Supplementiim, 
editore R. Buscr. (Genevoi et Basileee apud H. Georg, 
Bibliopolatn, 1888 ) 

A BRIEF notice of the eminent author of the monu- 
mental work which the present volume brings to a 
close appeared in Naturk (voI. xxxii. p. 540), a day 
or two after his decease, and it is there mentioned that 
he had for some time been engaged on a supplement to 
his “ Flora Orientalis/’ the body of which was com- 
pleted in 1881. That supplement is now fortunately in 
the hands of botanists, and an opportunity is offered for 
a more comprehensive notice of the author and his work, 
as a whole, than has hitherto been published in this 
country. Apart from the value of the work to the 
syslematist and phylogeographer, it possesses an interest 
for a wide circle, inasmuch as it deals with the vegeta- 
tion of those countries of the greatest historical attrac- 
tions. As the title indicates, the eastern limit of the area 
of the “Flora Orienlalis” is India, and now there arc 
gther works actually in progress, which, although they 
will not by any means exhaust the flora of the rest of 
Asia, will add vastly to what is known. Sir Jo:>eph 
Hooker’s ** Flora of British India” has reached the sixth 
volume, and the indefatigable author is now engaged on 
the Orchidea? (the largest order in the British Indian 
flora, represented by upwards of 1000 species) ; and 
we may reasonably hope, now that he is free from 
official duties, that he will finish it in the course of four 
or five years. But the energy and perseverance required 
to get through such an amount of descriptive botany as 
that accomplished by such men as Bentham, Boissier, 
and Hooker, can be estimated by few except those 
similarly engaged, 

Ri^el and Maximowicz’s elaboration of the collec- 
tions of Russian travellers in Central and Eastern Asia, 
Franchet’s “Plantpe Davidianic” and “ Plantje Yunnan- 
enses,” and Forbes and Hcmslcy’s “Index Florae 
Sinensis,” are jointly bringing together the materials for 
a flora of Central Asia and China, so that it will soon be 
possible to survey and analyze the composition of the 
vegetation in its various aspects from the Atlantic across 
Europe and Asia to the Pacific. 

The “ Flora Orientalis ” consists of five octavo volumes, 
with an aggregate of 5387 pages, independently of the 
present supplement of 499 pages, making a total of 5886 
pages ; and, 6n the authority of Dr. H. Christ, the 
author of a notice of the life and works of Boissier 
appended to the^ supplement, the number of species 
described amounts to 11,^76 1 To these descriptions are 
added the localities of the plants within the limits of the 
“Flora,” and the geographical area of each species. In 
givirfg the former, the author takes the countries in the fol- 
lowing order : Greece, Macedonia and Thrace, Asia Minor 
and Armenia, Egypt and Arabia, Palestine, Syria, and 


Mesopotamia, Crimea and Caucasus, Persia, Turkestan^ 
Afghanistan and Baluchistan. 

Before proceeding to a further examination of the 
nature and quality of Boissieris “Flora Orientalis,”! will ex- 
tract some particulars of his life ftom Dr. Christ’s meatoir» 
more especially such as relate to his botanical career. 

Pierre Edmond Boissier, a descendant a Huglienot 
j family, was bom at Geneva in 1810, and early developed 
I a love for botanical pursuits. This inclination was stimu- 
; lated and cultivated by the eminent Augustine Pyramus 
‘ De Candolle, whose admirable teaching resulted in 
Boissieris life-long devotion to botanical research. 
Boissier was a man of great mental attainments, of a 
most amiable disposition, and at the same time of noble 
Itature and fine physique. 

Botanizing in the field, which is undoubtedly the best 
of all training, was his great delight, and his home 
excursions subsequently extended into distant travelSv 
He was a good walker and a good mountaineer, and 
retained his great physical power until quite late in life. 

[ On his first visit to the Maritime Alps in 1832, he walked 
I the whole distance, some forty miles, from Nice to- 
j Tenda in a single journey, and as lately as 1871 he 
accomplished in one day on foot the longer and much 
more difficult journey from La Madone delle Finestre to- 
Tenda. The distance is estimated at about forty-five 
miles, and entails an ascent from 1900 to 2336 metres,, 
then a descent to 1500 metres, upwards again to 2600, 
and finally down to 750 metres, And this exertion was 
undertaken to rediscover the rare and singular Saxi/raga 
I floruivnia, originally discovered by an English tourisL 
‘ This, Boissier’s fourth excursion for this object, proved 
j successful. 

After finishing his studies at Geneva, Boissier went to 
> Paris, where he met with our countryman Philip Barker 
. Webb, who had botanized extensively in Spain, chiefly in 
the Kingdom of Granada, though he had published almost 
i nothing thereon. It is supposed that Webb influenced 
Boissier in his determination to make Spain the field of 
his next botanical work, and it is certain that he gave him 
the whole of the materials he had collected, having hkn- 
self made the Canary Islands the scene of his future 
labours. Boissier went on his first voyage to Spain in 
1836, and continued his investigations for several years^ 
aided more or less by several persons, and greatly by hi* 
friend Reuter. Following several preliminary contribu- 
tions to the botany of Spain, the first part of Boissier's 
“Voyage botahique dans le midi de I'Espagne” ap* 
peared in 1839; and this admirable pabiication was* 
completed in 1845. It is a botanical work of the first 
rank, and an enduring monument of the industry and muifl* 
ficence of the author. It consists of two quarto volumes- 
containing a most interesting narrative of his travels ; aft 
essay on the geographical distribution of the plants of the 
region under consideration ; descri|itions of all the plahta^ 
and lastf though by no mean* least, upwards id 
beautifully drawn, band-coloured plates by Heyland, oOe 
of the most accomplished botanical artists of his time. 

Previous to the appearance of this work, the flora of 
no country of Europe was so little known as that of 
Spain. The enumeration numbers nearly 2000 speciwt,, 
about one-eighth of which were previously tmktiowtt. 
Since its appearance the flora Of the whole of Spain haa 
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been ^iUborated by WiUkomm and Lange— by foreigners 
not by Spaniards I As a noteworthy exception 
to the botanical lethargy of the Spaniards, the learned 
and valuable works on the botany and botanists of the 
tbOfian Peninsula by Don Miguel Colmeiro deserve spe- 
cial mention in this connection. Hoissier himself, although 
he spdn afterwards became engaged upon a work of much 
greater magnitude, never lost interest in the Dora of ' 
Spain, and he revisited the country many times. Even i 
before the completion of his “ Voyage en Espagne,” he 
commenced travelling and collecting in South-Eastern 
Europe, subsequently visiting Egypt, Palestine, and 
Arabia, and other countries ; the results of these journeys 
culminating in his magnum opus^ the “ Flora Orientalis.” 
Preliminary to this work he published a vast number of 
new species in fascicles, from time to time, between 1842 
and 1859, under the title of ** Diagnoses Plantarum 
Orientalium Novarum.” Another important contribution 
to systematic botany was his “ leones Euphorbiarum,” 
a large quarto, containing figures and descriptive letter- 
press of 120 species of Euphorbia. This was published | 
in 1866, and in the same year the author furnished de- 
scriptions of the seven hundred species of this genus for 
De Candolle’s “ Prodromus.” 

Apart from its size, the Flora Orientalis” is incontest- 
ably one of the most masterly pieces of descriptive 
botany ever executed, and although many botanists will 
not agree with the illustrious author in his limitation of 
species, all will recognize the excellence of the de- 
scriptions, and admit that by their aid a botanist can 
actually “ determine ” his plants. On this point I can 
speak from successful personal experience. The analy- 
tical keys to the species of some of the larger genera are 
admirably constructed, and display a marvellously acute 
knowledge, as well as great power of discrimination 
Take such genera as Campanula (125 species), Cousinia 
{136 species), Centaurea (183 species), Silenc (204 spe- 
cies), and Astragalus (757 species), as examples of the work, 
and it will be admitted that few approach it in quality. 

With regard to his conception of species, lioissier 
rejected the Darwinian theory altogether, believing that 
species were not arbitrary congeries of individuals, but 1 
direct creations of God at diherent periods. And al- : 
though be by no means carried subdivision to the absurd I 
extent that some modern botanists have done, yet he went | 
much farther in this direction than most authors who have 
dealt with the vegetation of so wide an area as that of the 

Flora Oricntalis.” 

The supplement, issued towards the end of last year, is 
brought down to a very recent date, and contains all Dr, 
Aitchison’s additions to the Afghan flora, except those in 
bis last paper, of course, which was not published till 
the spring of last year. It also includes an index to ail 
the eolkcters’ numbers cited throughout the work, which 
wiH be very useful to persons possessing these numbered 
collections, A portrait of the author late in life forms 
^ fro«ti5{Hece to this volume, and there are several 
views erf the new building erected on the bank of the 
lake, not hx from Geneva, to contain the fine herbarium 
hhwwscd by Boissier. 

Thus Geneva now possesses the n^matkably rich 
biibaria of £>e CandoUe, t)e Lessert, andBoissier. 

W. BOTTINO H^mslev. 


A TREATISE ON MANURES. 

A Treatise on Manures. By A. B. Griffiths, Ph.D, 
(London: Whittaker and Co,, 1889.) 

I N this substantial little volume of nearly 400 pages 
the author treats of natural and artificial fertilisers, 
with a decided leaning towards the latter. The work is 
intended to be useful to manure manufaettirers as well as 
to farmers and students of agriculture, and must be 
regarded as a useful addition to our information. The 
subject is introduced by two chapters upon the soil and 
the plant, after which all the leading and the suggested 
fertilizers are reviewed, and analyses arc furnished. It is 
convenient to have at hand a book written up to date in 
which the newest sources of phosphatic materials, guanas 
and alkalies, are brought under notice. The chief interest 
of Dr. Griffiths’s book centres in his chapter upon the 
use of iron sulphate as a manure. It is well known that 
Dr. Griffiths first pointed out that the iron sulphate, used 
in small quantities of about half a hundredweight per 
acre, exerts a beneficial effect on many crops ; and this fact 
is distinctly brought before the reader in the book before 
us. The value of sulphate of iron lies in the fact that 
many soils do not contain a sufficiency of iron in a form 
to be readily taken up by plants, and Dr, Griffiths con- 
siders that when added to such soils it tends to increase 
the amount of chlorophyll in the leaf, and that this is 
followed by increased vigour in the elaboration of starch, 
woody fibre, fats, carbohydrates, and albuminoids. The 
amounts of increase of crop in the cases cited are re- 
markable, and the greater percentage of iron in the ashes 
of plants top-dressed with this substance is decided. It 
would be unjust to Dr. Griffiths to detract from the value 
of this observation, which, as he tells us, has been the 
cause of hundreds of letters on the subject from all parts 
of the world. The results are indeed open to the criticism 
that they are almost too satisfactory, for an increase of 
19,313 pounds per acre of mangel owing to the use of half a 
hundredweight of sulphate of iron seems almost too good 
to be true. Nine tons of mangel are worth something like 
sterling to the farmer as food for stock, a sum which 
would effectual ly turn an unprofitable into a profitable 
crop. The season is still young, and it would be well if 
agriculturists would put Dr. Griffiths’s results to the test 
of a simple experiment during the coming summer, upon 
root crops. 

Dr. Griffiths is no great partisan of farmyard manure, 
and he is scarcely fair in his argument when he touches 
upon this important subject. We cannot agree with him 
that farmyard manure is ”far from being a perfect 
manure,” or that “ the farmer who uses nothing but farm- 
yard manure exhausts his land,” or that farmyard 
manure does not return to the soil all the nitrogen which 
was originally extracted from it by growing crops.” In 
pursuing this argument he asks, “ Whence comes the 
fertilizing matter contained in the dung of animals ? An 
ox or a sheep cannot create nitrogen, phosphorus, or 
potash. All of these substances, which are to be found 
in its liquid and solid excrements, have been derived from 
its food. That food has been grown upon the farm.” 

This is doubtless true if the farm actually does pro- 
duce ail the food of the animals it supports ; but every 
farmer knows that this is not the case. The believers in 
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the value of farmyard manure know perfectly well that 
the sale of lambs^ of young stock, and of dairy produce^ 
as well as of beef, mutton, and wool, exhausts land ; but, in 
order to counteract this tendency, they invariably (we 
speak of good farmers) purchase oil-cake, hay, and corn 
in large quantities, sometimes to the extent of from 
to £2 per acre over the entire farm, and it is tin’s fact 
which is ignored by Dr. Cirifhths. As to whether farm- 
yard manure is a cheap manure or the reverse depends 
greatly upon the skill of the farmer, but we may be sure 
that when it is produced by well-bred animals, of high 
value, or when purchases of stock are made judiciously, 
fannyard manure may be properly regarded as a by- 
product. 

It is questionable teaching on the part of an agricul- 
tural chemist to run counter to the experience of 
practical men, and we fear that Dr. Griffiths will not 
carry his agricultural readers with him in his 
opinions regarding the exhausting nature and ex- 
pensive character of farmyard dung. Warming with 
his subject, Dr. Griffiths asks, ‘‘ Why will the farmer still 
go sinking in the Slough of Despond, while faithful and 
willing hands are continually being stretched out in every ! 
direction to help him ? Let him take a word of warning. 
Be up and doing, and — whatever you (j/V) do— be up to the 
limes. Do not let German, French, Belgian, or American 
agriculturists, simply by dint of superior scientific know- 
ledge and methods, outstrip you in that great competition 
which is now going on amongst the nations of the world.” 
As in the previous quotation given, we see once more the 
learned Doctor arguing upon wrong premises. In what 
respects do German, French, Belgian, or American agricul- 
turists outstrip the English farmer ? The average yields 
of com and the average results of stock-feeding obtained 
by British farmers are far superior to those obtained by 
German, French, and American fanners. The manner 
in which our farmers have stood the shock of rapidly 
failing |frain prices is extraordinary. Farming has not 
ceased To be a profitable occupation, but times have 
recently been very difficult, partly on account of the fall 
in the value of corn, and partly because the seasons have 
been remarkably unfavourable for the last fifteen years* 

Dr. Griffiths proceeds to point out that in 1884 Gemiany 
boasted 1 58 colleges and schools of agriculture, attended 
by 17,844 students, and contrasts this fact with the very 
few colleges and the 240 students of agriculture in 
England. “If, says he, “Old England is to hold her 
own, we must have these necessities. It may be said, Is 
not England already taxed enough ? where is the money 
to come from to support the colleges, schools, and experi- 
mental farms ? We all admit that England is the richest 
country in the world. Very well, then, if poor Germany 
can support at least 1 58 agricultural colleges, and give 
instruction to 17,844 students, surely England need not 
grumble or be so mean.” Does not Dr. Griffiths know 
that the farmers, as a rule, in Germany and France, 
do not care about the agricultural colleges? that there 
is the greatest possible difficulty in inducing them 
to send their sons to them ? that it is only by offering 
exemption from the galling military service exacted from 
all rnen in those countries, and by conferring upon students 
the rank necessary for serving as officers in the army, 
that the colleges and schools are filled at all ? Does he 


not know that the colleges and schools arc chiefly useful 
as a means of training the great army of professors and 
teachers in those countries ? Poes he not know that a 
certificate of proficiency gained at a college is, in those 
countries, absolutely necessary before a man can give 
evidence in a court of justice on an agricultural ques- 
tion.^ Does he wish to introduce artificial restrictions 
such as this into England, and to substitute a patriarchal 
system for that free enterprise which is the true reason of 
the wealth and the excellence of England ? 

A very short time ago ^soco was put aside by the 
Government for grants on account of agricultural educa- 
tion. No sooner was this offered than a struggle ensued 
for participation in this sniall sum. Share lists have been 
opened, in which one source of profit put before the in- 
vesting public is a share of this same ^5°^ ^ means 

of increasing the dividends of the promoters ! It is more 
than likely that this same 5000 will do more harm than 
good, by encouraging bogus schemes and paralyzing the 
natural enterprise which is the life-blood of English 
supremacy. 

Dr. Griffiths has issued his book, and farmers are free 
to read, mark, learn, and inwardly digest it. The agri- 
cultaral press is open, and there is that great body of 
good practical farmers who are more fully alive to the 
situation than Dr. Griffiths imagines, who, if not 
“ scientific ” in their instincts, are shrewd men of busi- 
ness, and the possessors of a knowledge of rural matters 
which comes not from books, but through contact and 
experience. 

Dr. Griffiths is a disciple of Vi lie, and the main object 
of his work is to substitute a system of artificial fertilizers 
for manuring through live stock. Farmyard manure, he 
says, is imperfect, full of seeds of weeds and germs of 
disease ; it is expensive to produce and to apply ; it 
exhausts the land ; it is inferior to artificial manures ; and 
its good properties, such as they are, are not easily re- 
coverable. Such is Dr. Griffithses indictment, which is 
calculated to make farmers rub their eyes, and, having 
made sure they had read aright, lay the book down. If 
experience is of any value at all in regulating practice, it 
teaches us that in our climate, and with our natural and 
acquired advantages in races of cattle, the strength of our 
position is our live stock ; that the fertility of the soil is 
not only kept up but rapidly and durably increased by the 
importation of purchased foods ; and that it is better for 
the farmer to pay a “ cake ” bill than a manure bill. 


OUR BOOK SHELF. 

Elementary and Synthetic Geotmi^ of the Pointy Lim^ and 
Circle in the Plane. By N. F, Dupuis, M* A. (London : 
Macmillan, 1889.) 

This is a work which we have read with considerable 
interest. As the author states, “it is not an edition qf 
Euclid's 'Elements,' in fact it has little relation to that 
celebrated ancient work except in the subject matter." 
Us alliances are with such treatises as Casey's “ Sequel 
to Euclid" and McDowdl's “Exercises on Euclid and in 
Modem Geometry," but it appears to us to be better 
adapted in some respects than either of these works to 
the use of junior students. These are too condensed hr 
some readers, whereas the book before us. without being 
too diffuse, enters into greater detail, and leads the punu 
up, by a course of sound teaching, so as to enable him 
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to Attack with success the subject of modern analytical 
s^metry. Mr. Dupuis looks at a triangle not as “the 
three-cornered portion of the plane inclosed within its 
sides, but the combination of the three points and three 
lines forming what are usually termed its vertices and 
its sides and sides produced.'' His object is to lead up 
to the idea of a figure as a locus, with a view to preparing 
the way for the study of Cartesian geometry. Here the 
necessity for a careful distinction between congruence and 
equality arises. He introduces freely the principle of 
motion in the transformation of geometric figures, and 
devotes some space to the principle of continuity. Further, 
he connects geometry with algebraic forms and symbols, 
“ (1) by an elementary study of the modes of representing 
geometric ideas in the symbols of algebra, and (2) by 
determining the consequent geometric interpretation which 
is to be given to each interpretabk algebraic form." The 
subject of proportion i$ treated on the method of measures ^ 
and. the term tensor is freely used. The first part (pp. 
1-90) traverses the point, line, parallels, the triangle 
and circle. The second part (pp. 91-146) considers the 
measurement of lengths and areas : each part closes with 
a section devoted to illustrative matter drawn from 
constructive geometry. The third part (pp. 147 -177) 
consists of two sections— the first on proportion amongst 
line-segments, and the second on functions of angles and 
their applications in geometry. Some instruments are 
described, as the proportional compasses, the sector, the 
pantagraph, and the diagonal scale. In the fourth part 
(pp. 178 -251) there are seven sections, which are taken 
up with such matters as the centre of mean position, 
inversion and inverse figures, pole and polar, radical 
axis, and centres and axes of perspective. The closing 
part (pp. 252-290) introduces the student to harmonic and 
anharmonic properties, polar reciprocals and reciprocation, 
and to homography and involution. The author discusses 
all these points in a lucid style, and illustrates them with 
full store of carefully selected solutions : in addition there 
are a great number of unworked exercises in all the 
subjects. These good results are the outcome of many 
years' teaching of geometry to the Junior classes in the 
University of Qvieen’s College, Kingston, Canada. The 
book is closed with a full index, and clearly drawn figures 
accompany the text. 

A Vertebrate Fauna of the Outer Hebruies. By J. A. 

Harvie-Iirown, F.R.S.E., F.Z..S., and T. 1 C Buckley, 

B.A,, F.Z.S. (Edinburgh; David Douglas, 1889)*. 

This is a sister volume to “ A Fauna of Sutherland, 
Caithness, and West Cromarty,” which was published by 
the same authors in 1887, and reviewed in Natukk at 
that time. It may be remembered that in the preface to 
^is work, the authors expressed their intention of follow- 
ing it up with others, dealing in a similarly exhaustive 
manner with the vertebrate faunas of other parts of Great 
Britain. We are glad to receive at so early a date so 
substantial a fulfilment of this intention ; for we cannot 
give higher praise to “ A F«una of the Outer Hebrides ” 
than by saying that it is in all respects worthy of its 
predecessor. Moreover, when we have regard to the 
immense amount of labour which the production of these 
volumes must Have involved, we cannot refrain from con- 
gratulating the authors on the rapidity with which their 
works have followed one another. This second member of 
the series runs to over 250 pages, and, like the first member, 
is embellished by a few beautifully executed drawings of 
landscape scenery. Like the first member, also^ it gives 
an exhaustive account of all the Vertebrata which occur 
within the, area specified, together with several introductory 
^pters dealing with the topography of the district, and 
the relation (palaBontological and otherwise) of its fauna 
to that of the rest of Great Britain. As the value of such 
VWqHc consists mainly in the number and thi,e accuracy 
of its 4 tttailB, little need be said of it in a review, save in 


general terms. And, as we have already indicated, the 
painstaking labour which has been bestowed upon this 
Fauna appears to us to leave nothing that can be desired 
in the way cither of addition or subtraction. We heartily 
recommend both these Faunas to all systematic 
2oologists, and sincerely hope that their authors may be 
able to continue their I'esearches through other areas ot 
Great Britain. G. J, K. 

Dictionary of Photography. By E. J. Wall, (l.ondon : 

Hazell, Watson, and Viney, Limited, 1889.) 

This work is practically a complete encyclopicdia o 
photography, and will form a very useful addition to 
photographic literature. It is written throughout in 
plain ana straightforward language, each heading being 
thoroughly treated. The subject-matter under the head- 
ing of “Lens” is accompanied by excellent illustrations 
of the various forms of lenses, showing by shaded lines 
the different conibinations of crown and dint glass. 
Developing, printing, &c., receive their full share in the 
work, and under “ toning "no less than twenty-nine differ- 
ent baths are discussed. At the end there is a collection 
J of miscellaneous tables that have not been inserted in the 
dictionary part of the book, such as sizes of French and 
Italian dry plates, a list of dry plates and sensitometer 
numbers, solubilities, freezing mixtures, &c. 

For photographers in general this work ought to pirove 
most useful. It will make it unnece'isary for them to 
refer to other works for a hint or remedy, or anything 
else that may be wanted at a moment’s notice. 


LETTERS TO THE EDITOR. 

[ The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondmts. Neither can he underiake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken oj anonymous communications.] 

Upper Wind Currents over the Equator in the 
Atlantic Ocean. 

Is January last I addressed you a letter from the Straits of 
Magellan, with an account of the upper wind currents observed 
over the equator during a voyage to South America in the 
month of December, 'l^hcn 1 described how the north -east and 
south-east trades both turned into a common light surface 
easterly current along the line of the doldrums ; how low clouds 
from south-east drove over the north -east trade up to 15" N. ; 
how the highest clouds moved from south-west, north of the 
equator ; and how, from 300 miles south of the line, a very high 
current from north-west prevailed over the south •e.'i^t trade. 
No high observations were obtained in that t clt of 300 miles, 
nor were any middle- level clouds seen over the south-east 
trade. 

Now, 1 have just crossed the same route in the month of May, 
under a somewhat different wind system. The north-east trade 
tamed to north as it approached the doldrums, instead of 
towards the east, as in the previous voyage. In the calm bell, 
it met a light easterly current, without much conflict in the way 
of rain ; while further south the regular south-east trade was 
experienced as far as 8® S., when the north-east moujoon of the 
Brazilian coast prevailed nearly down to Rio Janeiro, 

No signs of south-east wind could be discovered at any level 
over the north-east trade, which wind, on the other side, blew 
at low or middle levels over the south-east trade, till surface, 
low, and middle currents combined to form the Urozilian 
monsoon. 

Very few observations were obtained of the highest clouds, 
but in S. a high north-west prevailed ; from 2"" S. to the 
equator, both the middle and highest clouds came from the 
cast ; and nothing more could be determined till a hi^h south- 
west current wag found over the' north-cast trade, m 7" N. 
latitude. * 

These results confirm in a most striking manner the discovery 
which I have announced from lime to time in your columns, 
and which was moat conclusively proved by the labours of the 



102 


NATURE 


JO, i 88^ 


Meteorological Sectioo of the Kmkat£> Committee of the 
Koyal Society^ " that the higb»t air-current over the equatorial 
domnnns is from the eastward, lying between the soath-weet 
current which flows on one side over the north-ea^t trade, and 
the north-west current which flows on the other side over the 
south-east trade/' Ralph Auercromby^ 

31 Chapel Street, London, May 37. 


The Structure and Distribution of Coral Reefs. 

I HAVE to thank Prof, Bonney for pointing ovtt my error in 
assigning the "90-fathom reef” 10 Socotra instead of to Rod- 
riguez, It arose from my having been accustomed to associate 
Prof. Balfour's researches with the former island. 

With regard to the depths in which coral reefs can form, there 
has been without a doubt some little concurrence of testimony 
as far as the evidence goes. But I contend that all the observers 
were misled by supposing that the sand and reef d^bHs^ that 
nearly always prevent and repress the growth of corals in deptlis 
of 20 to 30 fathoms, necessarily represented the lower limit of 
reef-fornialion. ‘We know little of (he depths beyond this belt 
of sand and reef inasmuch as the observers in question 

rarely extended their search beyond. The difficulties in 
examining these depths are much greater, and systematic 
soundings are greatly needed, being in fact only practicable in 
the case of a surveying- vessel. 

Since writing my letter I have received, through the courtesy 
of Captain Wharton, a copy of a report of the examination, in 
1S88, by Commander Moore and Dr. BaaaettoSmith, of H.M.S. 
A'ambi^t of the slopes and zoological condition of the Tizard 
and Macclesfield Bonks. This report is, I believe, to be further 
extended by Dr. Bassett-Smith, so I will only quote here the 
suggestive remark of Commander Moore, respecting the 
Macclesfield Bank ; Coral was found living as far down the 
slope as 44 fathoms ; it may extend further, but darkness put an 
end to the work.” I should also add that a living specimen of 
an astrtean coral was brought up from a depth of 45 fathoms in 
the lagoon of Tizard Reef. 

Through the agency of the officers of Her Majesty’s surveying- 
ships, Captain Wharton will have soon at his disposal a large 
amount of new material throwing considerable light on the origin 
of coral reefs. Fl. B. Guppy. 


Atmospheric Electricity. 

In Nature of May 16 (p. 55), Mr. Bowlkcr describes 
some "curious” and, as he believes, "rare electrical pheno- 
mena” which occurred to him and a friend on the Welsh 
mountains. Such phenomena arc rare only because competent 
observers are so^ The effects described are by no means un- 
common, and they may be claRsed under the brush discharge 
and the glow, the one being an interrupted, and the other a 
continuous, discharge to tlw air. 

H. dc Sanssurc gives the results of his observations in 
America, Switzerland , and other places. He remarks that the 
lighting- up of the rocks at nijjht is analogous to the curious fact 
of electricity moving over the prairies. It is compared to ft kind 
of miniature lightning discharge, resulting from the electrified 
cloud brushing ovxr the earth, and dischaTging itself in thousands 
of sparks coursing over the meadows. I a Mexico he noticed 
the crepitation of the stones due to electrical discharges, and in 
Switzerland he describes certain pricking and burning sensations, 
and sounds like that of simmering water, emitted (Vom sticks laid 
against the rocks, and from the tops of the alpenstocks. This 
humming of the mountains is by no means mre, and it seems to 
indicate a flow of electricity from the ground into the air. 

When Prof. James Forbes was at work on the glaciers of 
Switzerland, he noticed on one occasion, near Mont Cervin, a 
curious Sound proceeding from his alpenstock, The guide 
referred it to a worm eating the wood ; he reversed the stick, 
and the worm was already at the other end. He raised his 
hand above his head, and the fingers yielded a fizzing sound, 
while the angular stones sH round were hissing like points near 
an electrical machine. Thfcte was hail at the time*, and a 
thunderstorm soon set in. 

M. I'r^cul relates in the Comptes remius the following curious 
case While writing at an open window in August 1876, 
between 7 and 8 a.tn, , he not teen a number of small luminous 
columns descend obliquely on his paper, each about 3 metres 
long, and half a decimtlre broad at the widest pert, Obtuse at the 


farther end, but gradually thinniiig towardls the table. 
had mostly a redmsh-yeUbw tint, Imt near the paper the tinla 
were more intense a^ varied* In disappearing they left the 
paper with a slight noise, like that produ^ by pouring a BHlh 
water on a hot, plate* Loud thonder was heard at the time Of 
the observation. 

In June 1880, at Clarens, near the l*ake of Geneva, a cheny^ 
tree was struck by lightning, and a little girl who was abpot 
thirty paces from the tree appeared to be wrapped in a sheet of 
fire, white six persons, in three groups, none of them within 
250 paces of the cherry-tree, were enveloped in a luminou*- 
clond. Th^ said they felt as if they were being struck in the 
face with hailstones or fine gravel, and when they touched each 
other, sparks passed from their fingers* ends. At the same time 
a luminous column was seen to descend in the direction of 
Chateiard, and it is stated that the electricity could be distinctly 
heard as it ran from point to point of the railing of the 
cemetery. 

Mr. Jabez Brown, while ascending one of the sharp hills near 
Bo-castle, in November, at 9 p.m., was suddenly surrounded by 
a bright and powerful light, which passed him a little nutek^ 
than the ordinary pace of a man’s walking, leaving it as dark as 
before. The light was seen by the sailors Tn the harbour, coming 
in from the sea, and ]>assing u)3 the valley in a low cloud. A 
similar one occurred in Scotland last year. 

Highgate, N, C. Tomlinson. ^ 


Tiik electrical phenomenon described by Mr. Bowlker in 
Nature of May 16 was doubtless an instance of St. El wo*s 
Fire ; and if it had been dark at the time it was noticed, the post, 
walking-stick, and other objects affected by it would have been 
seen to be capped with n glow resembling somewhat the brush- 
dischar^t of an electrical machine. It has been observed about 
fifteen times on the summit of Ben Nevis during the last five 
years, and these cases are described, and the accompanying weather 
discussed, in a paper by Mr. Rankin, of the Ben Nevis Obser- 
vatory, published in the last number of the Journal of the 
Scottish Meteorological Society. When it ocenrs, all elevated 
points, whether meialiic or not, ^low ; the light in the more m- 
tense cases being several inches in length. It is almost alwaya 
accompanied by a heavy fall of conicab shaped snow-flakes about 
a quarter of an inch long, resembling hailstones in shape, but 
not hard or icy. At all times when it has been seen the baro- 
metric pressure has been high over the south or south-west of 
Europe, and low to the north of Scotland, thus giving steep 
gradients for westerly winds ; and in most cases the temperature 
on Ben Nevis has been falling, while the barometer after falling 
considerably has begun to rise again, and the wind to veer from 
south-west towards north-west. R, T. Omond, 

Ben Nevis Observatory, May 24. 


Sailing Plight of the Albatroaa, 

My attention has been drawn to Some corresp-indence iir 
Nature, May a and 9, on the "Sailing Flight of th« 
Albatross,” in which reference is made to my father's letter td 
Sir William Thomson on the subject. At Sir William 
Thom.'K>n’s suggestion, I am now about to condense the rest of 
my father’s correspondence on the subject into a form conveni^ 
for publication. In the meantime 1 will only say that white 
Mr* Baines’s very interesting letter, and his explanation of the 
phenomenon of "soaring,” appear to mo perfectly sound in 
principle (and indeed we have I*ord Rayleigh’s authority for tWs 
viewX my father’s statements seem to prove that hU own solution 
is also the true explanation of the soaring under the {diffirrent} 
circumstances in whith he obsertred it. It appears to me emit 
reasonable to suf^ose that the birds instinetively learn to atwl 
themselves of all the different natural conditions which untkr, 
different circutnttancefi may serve them to maintain their flight* 
with the smallest eKertion. K. E. Fkouim. 

Gosport, May 25* 


The Scl^noo and Art BxamiftAtitm in 

The paper set on May 17, in Sound, Light, and Hei^ prc^MiiMB 
severs) leatures that must hnve created dissatisfaction alike ambutg 
students and teachers. 

First, the official SyUabus explicitly states that the paper 
" will be so arranged that a candidate can seeure a first chM la 
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either itoee by tftking \xptw& oi^ly of the subjects.” This has 
been fer some years past, nnd there have always been ^V£ 
questions in each subject. As the maximum number of questions 
a esm^idate may attempt is eight, this gave a choice in each 
ettbj^ of four questions out of five. But this year, without an^ 
previous notice, the number of questions in each subject is 
reduced to so that a student who only take 4 up two of the 
subjects has absolutely no choice. He may be well prepared, 
yet if he happen to have overlooked att£ of the points dealt 
adth in the questions, his chance of a first class is seriously 
^tnlnifbed. 

In tnakiag this unlooked'for change, the Department practic- 
ally takes away with one hand what tt gives with the other. 

Secondly, in the advanced paper, the second question in 
Sound runs thus : If a string 24 inches tong weighs half an 
ounce, and is stretched with a weight of 81 pounds find its rate 
of vijjtation when bowed or struck.'' 

Now this is a problem not on measurements, which 

are fairly within the gr^sp of an advanced studenr, but on aho- 
luii meosnremen's. To solve this question requiics a knowledge 
not merely of the principles of sound, but also of theoretical 
mechanics and of numerous mathematical details, besides con- 
siderable dexterity in manipulating units, which is about the 
most perplexing thing a student ever encounters, and has hitherto 
never been called for except in the honours stage. 

To set such a question as one Jour ^ and offer no choice, is 
in effect to condemn tlie students at the outset, and must have a 
most depressing effect upon the classes in future years. At any 
rale, if the Department intended to introduce absolute measure- 
ments into the advanced stage, it is only fair that they should 
have given notice. 

Thirdly, the last questio?i in Heat (advanced) asks the student 
to ** sketch an apparatus for determining the coefficient of 
expansion of a gas at constant volume'* Perhaps the cxaminci^ 
will kindly inform us how a gas can expand, its volume at the 
aame time remaining constant. Possibly the word " expansion ” 
is a misprint for “increase of elasticity," in which case Balfour 
.Stewart’s apparatus should !>€ sketched ; or, possibly the word 
** volume" is a misprint for “pressure," in which case Oay- 
Luteac’s apparatus is required ; or, possibly there is an in- 
tentional confusion of phraseology in order to perplex the 
candidates. 

Misprints occur in one or more papers nearly every year. 
Last year there was an error in Mathematics, Stage 3, when 
a certain equation was printed with the figure 4 inMead of 
I, thus causing candidates to waste time and become flurried, 
and here again we have the same kind of thing, 

A Science Teacher ok Seven Years’ STANniNa. 

May 21. 


DR, NANSEN'S JOURNEY ACROSS GREEN^ 
LAND, 

F rom a communication sent us by Dr, Nansen, we are 
able to give some details of the remarkable journey 
across Greenland which he accomplished last summer 
We need only briefly recall the moat important attempts 
which had previously been made to cross a country which 
is exactly in the condition of our own islands during the 
Glacial ^iod. The first serious attempt was made in 
1878 by Jensen and Steenstrup, who, from the west coast 
in lat. 62® 30' N,, managed to get some 40 miles into the 
interior^ after many difficulties and dangers, ascending a 
ntountaki to a height of 5cx)0 feet, from which they saw 
the inland ice rising gradually towards the interior. Then 
'Came the famous expedition of Baron Nordenskidid in 
* 88^ He, with a comparatively large party, started much 
ftttthcr nomi than the devious expeditioii, a short distance 
south of Disco Island. The party succeeded in penc- 
tirating some 90 miles eastwards, to an altitude of 
5000 feet. . The Laplanders, boweycr, who accompanied 
NmrdenskiOkl went m their srvow-shoes 140 miles further, 
travelling over a continual snow desert to a height of 
feet. The next serious attempt was made' by an 
American, Mr. R. E, Peary, in the summer of 1886. Mr. 

started much further to the north than Norden- 
8kmld, aiV<i his courfe was due east. He reached 100 miles 


from the edge of the ice-blink, or inland ice, his highest 
elevation being 7535 feet 

Dr, Nansen felt sure that the only way to cross the ice 
was by means of (a special kind of long snow-shoe) 
and sledges. He had many applications to be allowed tc 
accomp.any him ; but he selected only five companions— -a 
lieutenant in the army, a shipmaster, a Norwegian peasant, 
and two Lapps. The expenses of the expedition were gener- 
ously supplied by Mr. Augustin Camel, of Copenhagen. 
The party left Christiania early in May i388 for Iceland, 
whence they embarked on board a scaler for the east 
coast of Greenland. Dr. Nansen’s own account of bis 
attempts to land is of interest as showing the condition of 
the ice and the currents off the East Greenland coast ; — 

“ On June 4 we left Iceland in the Jason for Greenland. 
My hope was that early in June we should be able tp 
reach the coast in the neighbourhood of Cap Dan, in 
latitude about 65” 30' N. ; but I was disappointed, as large 
masses of ice stopped us at a distance of 50 miles from the 
coast. At last, on July 17, we approached the land at the 
Termilik Fjord, west of Cap Dan, and I determined to 
leave the ship. In our two boats we had to force our way 
about ten miles through the icc. The current was, how- 
ever, very strong, the ice-floes were thrown and pressed 
against each other, and during such a pressure of the ice 
one of our boats was broken. We were then very 
near to the coast, but the boat could not float, and 
some hours passed before the leak could be restored. 
In the meantime, the ice was very much pressed, and 
we went adrift, the speed with which the current carried 
us off from the coast being much greater than that with 
which we could advance on the ice. At the great rate of 
about 28 miles each twentyTour hours we were driven 
southwards along the coast. We tried to reach land three 
times, but by a rapid current we were again carried 
tow ards the sea. 

“ At last, on July 29, w'e succeeded, and reached land at 
Anoritok, 61"" 30 N. lat. Originally, I had thought to land 
at Inigsahk, in 65' 30' N. lat. We had consequently come 
240 miles too far southwards. Our destination was 
Christianshaab, in Disco Bay, to reach which we should be 
obliged to go in our boats northwards, to cross the con- 
tinent at a more northerly latitude. To get northwards 
was not, however, very easy. Masses of Polar ice were 
pressed towards the land, and very often the axe alone 
could break a way through the tightly pressed ice-floes." 

Two parties of heathen Eskimo were met with, who 
were at first rather distrustful of the strangers, as they had 
scarcely ever before seen Europeans. 

On August 10 (more than a month behind time) the 
paity reached Umiavik, 64° 30' N., whence the start was to 
be made across the inland ice. Dr. Nansen and Captain 
Sverdrup the next day made an excursion to examine the 
glacier. They got ten miles from the coast, and reached 
a height of 3000 feet. On August 1 5 a start was made, 
there being five sledges to pull, one loaded with 400 
pounds, pulled by Dr. Nansen and Captain Sverdrup. 
Two days later they were stopped by a heavy gale which 
kept them in their tents for three days. At first the 
intense heat compelled them to travel only at night. 
Dr. Nansen goes on to say : — 

“ At some distance from the coast the snow became, 
however, very deep and bad for pulling. We were also 
met by a heavy gale from the north with snow-drift, so 
that we could advance only very slowly. I hoped that 
it would soon become better, but each day it became 
worse. It was only too clear that if it continued in 
this way we would not be able to reach Disco Bay 
till the middle of September, when the last ship left 
for Eurojw. Though I expected to find more difficult 
ice in this direction, I changed our route and turned 
towards Godlhaab. That was on August 27. We had 
then reached about 64'’ 50' N., about 40 miles from the 
coast, and a height of about 7000 feet By this change 
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of direction, the wind became bo favourable that we could The application of this was too difficult in the present 
use sails on the sledges, and thus they became less heavy case. 

to pull. In this manner we advanced during three days, We may also observe the diminution of intensity which 
then the wind went down, and we were obliged to lower the groups undergo when we ascend in the atmosphere^ 
our sails. and by careful comparisons when possible, and especially 

** In the beginning of September we reached a quite Aat by a great number of observations, we may judge if the 
and extensive plateau, which resembled a frozen ocean, diminution of the intensity of the lines would permit us 
Its height was between Sooo feet and 9000 feet, though to conclude that they would completely disappur at the 
towards the north it seemed to be considerably higher, limits of the atmosphere. This is the method employed 
Over this plateau or highland we travelled more than two in the last Mont BUnc expedition (Grands- Mulcts). Or, 
weeks. The cold was considerable, i am not, however, we may again proceed with a comparison of the uniformity 
able to give an exact statement of the temperature, as our of the lines by installing a powerful light giving a con- 
thermometers did not go low enough. I believe that on tinuous spectrum at such a distance (hat the thickness of 
some nights it was between -45'' and- 50" C. (between atmospheric air traversed may have the same action as 
and 90^ F. below freezing point) In the tent where we that of the terrestrial altposphere on the rays of the sun, 
(six men) slept, and where we cooked our tea and when it is near the zenith. 

chocolate, it was even less than 40" C. (72^ F. of frost). This last circumstance is very fortunately found realized 
During one month we found no water, 'fo get drinking- in the respective situations of the Eiffel Tower and the 
water wc were obliged to melt snow either in our cooking Meudon Observatory. The tower is at a distance from 
apparatus or by our own warmth in iron bottles, which the Observatory of about 7700 metres, which very nearly 
were carried inside our clothes on our bosoms. The sun- represents the thickness of an atmosphere having tbe 
shine on these white snow-fields was bad for the eyes, but same weight as the terrestrial atmosphere and a uniform 
no case of snow-blindness occurred. Only one day, density, and equal to that of the atmospheric layer 
September 8, we were stopped by a snowstorm ; the next traversed by the sun’s rays. 

day, when wc wanted to continue our journey, we found In addition to this, the considerable power of the 
the tent was quite buried in the snow. magnificent light actually installed on the summit of the 

“ On September 19, we got a favourable sailing wind, tower permits the employment of the instrument that had 
and then we advanced very rapidly. That day we got the served me at Meudon and at Grands-Mulcts for the sun. 
first sight of the mountains of the west coast. In the I have, however, made use of a condensing lens in front 
night w^e were stopped by dangerous ice with many of the slit in order to give the spectrum an intensity quite 
crevasses, after having very nearly lost several men and comparable to that of the solar spectrum in the same 
sledges in one of them. We met here with very difficult instrument. 

and uneven ice, where we advanced very slowly. At last Under these conditions the spectrum is shown with 
on September 24, we reached land at a "small lake to the extreme vividness, and extends beyond A. The B group 
south of Kangersunok, a fjord inside Godthaab. On appeared to me as intense as with the sun on the 
September 26, we reached the sea at the inner end of the meridian in summer. The A group was equally 
Ameralik fjord, in 64 12' N. latitude.” well defined. Other groups could be distinguished. 

This really finished the journey across Greenland, and notably those of water-vapour, their intensity show- 
Wilh considerable difficulty the party reached Godthaab, ing the hygrometric state of the column of atmosphere 
where, as the last ship was gone, they had to spend the traversed. 

winter, reaching Copenhagen only last week. So far Dr. I should have liked to study the oxygen groups with the 
Nansen has not been able to tell us much more than gredt spectrometer of MM. Brunner and a Rowland’s grat- 
we knew already about the interior ice of Greenland ; though ing, but the limited time during which the light was turned 
he will probably give us full details in the paper which he on to me did not permit it. I hope to do so another 

time. 

Not one oxygen band is seen in the visible spectrum, 
although the thickness of the layer of oxygen traversed 
was equivalent to a column of more than 260 metres of 
oxygen at a pressure of six atmosphercs—ihat is to say, 
at the pressure under which the tube in our laborato^' 
shows them with a length of only 60 metres, or four times 

M EIFFEL having very obligingly put the tower as small. This well shows that, tor oxygen, the lines follow 
• in the Champ- de- Mars at my disposal for any an entirely different law from the bands, 
experiments and observations that I cared to make there, Indeed, whilst for the lines the e^riment of last 
1 decided to take advantage of the powerful electric light | Sunday shows us that it appears indifferent whether wc 
which had been installed, to make certain studies of the | employ a column of gas at constant density or a column 
telluric spectrum, and, in particular ,lhat which relates | equivalent in weight but with variable density ( for the 
to tbe origin of the lines of the spectrum of oxygen in the bands, on the contrary, the absorption taking place follow- 
solar spectrum. ! ing the square of the density, the calculation shows that 

Wc know now that there exist in the solar spectrum there would be remiircd, at the surface of the sun, a 
many groups of lines that are due to the oxygen contained i thickness of atmosj^ere of more than 50 kilometres to 
in our atmosphere ; but one may ask himself w'hether j produce them. 

these groups are due exclusively to the action of our 1 do not look upon the e;q>eriment of last Sunday sk$ 
atmosphere, and the solar atmosphere between counts for more than bringing forward a fact more to a group of 
nothing, or whether their origin is double- in a word, Are studies— a fact whidi req^uires to be exact and developed, 
these groups purely telluric or telluric-solar ? But it is*ccrtain to rays^, that the height at which the 

To settle this question, one may have recourse to a tower of the Champ-de-Mars makes it possible to place 
certain number of methods. One of the most trustworthy the light source, and its power, will enable me to make 

is that of displacement, the origin of which rose from the other similar cxpcrjmenls of higher interest, 

beautiful conception of M. Fizeau, and which has been Before concluding, 1 wish 10 thank M. Eiffel for the 
applied by M, Thollon and perfected by M. Cornu. liberality with whm he put his beautiful ediike at the 

■ T«n.i..ion of . p.B.t rt.d by M. J. Jan.... before the r««ch ditpobfol pf scieocc. I equally thank MM, Sauttet asd 

Acadejny of Sciences on May so, 1889 evUi, No. bo)» l-tmonmeT for tbeilT KinuneSS. 


is to read at the Royal Geographical Society on June 24. 

ON THE^ TELLURIC ORIGIN OF THE OXYGEN 
LINES IN THE SOLAR SPECTRUM,^ 


NATUMB 
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THE ZOOLOCICAL SOCIETY'S INSECT 
HOUSE, 

A LTHOUGH it has long been the practice of cnto- 
mologtsts to keep private collections of the larvae of 
insects, for the purpose of studying their metamorphoses 
and of obtaining perfect specimens of their fully-deve* 
loped forms, there is, we believe, still only one place 
where the attempt is made to attract public attention to 
this most varied and wonderful group of animals by an 
exhibition of them and of the different stages of their life- 
history* This place is the Insect House of the Zoological 
Society of London in the Regent’s Park Ciardens, which 
has now been maintained with considerable success for 
several years. 

At this season of the year the Insect House is gene- 
rally at its best, and examples of the perfect insect are 
continually to be seen emerging from the chrysalis. 



A very interesting and novel addition has just been 
made Jo the collection in the form of a specimen of one 
of the Leaf-insects, presented by Lord Walsingham, who 
received it from the Seychelles Islands through Colonel 
Larking. Though not yet fully developed, there can be 
no doubt it will ^ve to be" an example of PhylHum 
geknus^ Gray. The insects of this remarkable genus 
are all Oriental, inhabiting the tropical regions of 
Asia, and extending to Mauritius and the Seychelles. 
It has hitherto proved impossible to induce them to 
.continue their ^species in this country beyond a single 
generation-, so that it is only occasionally that they 
can be seen alive here. So long ago as 1854 a 
hv^g specimen of an Indian species, P, scythe ^ was 
exhibited in the Botanic Gardens at Edinburgh, where it 
^tr^ed so much attention that it was found necessary 
to limit its exhibition to four days in each w^eek. This 
Festriction was (as stated by Murray) adopted because, in 


spite of the old saying that seeing is believing* it was 
found in the case of this insect that seeing was disbeliev- 
ing. On those who inspected it insisting that there was 
no insect on the plant, but only a leaf, it bad to be 
stirred up to convince them of the truth, and this pro- 
cess of continual provocation was found to be very 
injurious to the constitution of so peaceable a creature* 

The resemblance of many of the species of this group 
of Ortboptera to portions of the plants on which they are 
found is so extreme that it has given rise to a firm con- 
viction in the minds of the inhabitants of some of the 
regions in which they are found that they are portions of 
the actual plant transformed into living insects. There 
is certainly more to be said for the belief in this 
metamorphosis than there is for some of the transforma- 
tions related by Ovid ; and M. de Borre, in the Compies 
rendus of the Belgian Entomological Society (1883), has 
explained the reasoning by which it is justified. The 
people having observed the gradual growth of the creature 
and the development of the appendages of the body, while 
they have failed to see it when very small and issuing 
from the egg, maintain stoutly that a young leaf gradually 
grows into a living insect. The species of the genus 
PhyUium all have a remarkable resemblance to leaves, 
but it appears as yet not to be known whether the 
different species have a special resemblance to the foliage 
on which they feed. 

The late Andrew Murray published an account of the 
Edinburgh specimen in the Kdinbtirgh New Philosophical 
Journal tor 1856, and then said that he “ should not be at 
all surprised if, in the course of a few years, the Leaf- 
insect should be as common an inmate of our conser- 
vatories as the canary-bird now is of our dwellings." This 
hope has, however, not been realized, and for our oppor- 
tunities of seeing it in the living state we are obliged 
still to rely on the kindness of naturalists who may be 
stationed in the tropical regions where these creatures 
exist, and who will take the trouble of bringing or send- 
ing them or their eggs over to us. The difference 
between a living and a dead insect is not so extreme as 
that between a live dog and a dead dog, but still it is 
very great, and one of our older entomologists used to 
say that he never really knew the species of an insect till 
he had seen it alive. 

The Insect House in the Zoological Gardens affords, as 
we have said, the only opportunity that the English public 
have of seeing alive some of the wonderful forms of 
tropical insects. But, as we have already remarked, the 
difficulty of perpetuating the life of these examples of 
exotic Nature’s variety and luxury beyond a short period is 
excessive, and reaches its maximum in London, There 
is, perhaps, nothing more remarkable in Nature than the 
pertinacity and rapidity with which the generations of 
many of the lower forms of insect life are produced. 
Phylloxera^ Aphis, scale-insects almost defy the efforts of 
mankind to control them, and the resources of even 
scientific civilization contend with them as yet almost in 
vain. But in many of the more evolutcd forms of insects 
we find a very different condition prevalent. Even 
mating can, in a large number of cases, be induced only 
when the creatures are placed in exactly appropriate cir- 
cumstances, and afterwards the insects will only deposit 
their eggs in such places and under such conditions as 
insure at least a probability of congenial existence for their 
progeny. In the case of many species the females prefer 
to die with their eggs undeposited, rather than place them 
in conditions that are at all inappropriate. Thus the 
difficulty of keeping up a varied supply of curious forms 
for the Insect House is very great. 

The different kinds of silk-producing moths have at- 
tracted much attention for a considerable number of years 
past, and in the case of several species fertile eggs are 
readily procured. These insects, being in many cases 
very large and attractive creatures, excite a good deal 
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interest in the visitors to the Insect House. Just at present 
these moths are about commencing their individual lifo- 
cfdcs afresh ; eggs of several species have been procured, 
ai^ will shortly hatched. The caterpillars are even 
more interesting than the moths themselves^ and their 
remarkable shapes and forms, and their wonderful spines 
and thorns, are of much interest to naturalists. Just 
ww, too, there may be seen in the Insect House a 
•delightful example of the early stages of insect* life in the 
ferm of the caterpillar and chrysalis of Limeniiis disippus. 
This is a North American butterfly, the egg of which is 
^batched towards the end of summer or in autumn. Its 
^yoimg larva constructs for itself a delicate habitation by 
joining to;;ether the edges of the leaves of the willow on 
'Which it feeds, so as to form a cylindrical tube, which it 
tines with silk and closes at one end. The fragile creature 
45 thus able to outlive the storms of wintry wind and 
weather, and to evade the ravagers of the animal world in 
'Search of food. In the protection of this dwelling it can 
be transmitted from North America to this country with- 
out injury to its vitality. As seen in the Insect House, the 
caterpillar is a curiously mottled, pale- brown, greenish 
and grey creature, with head bent down, but bearing on 
the prominent part just behind it two rather long, erect, 
slender horns of a deep black colour, each of them numer- 
ously spined. The chrysalis is even more remarkable, 
and hanging down fiom a twig displays itself in a very 
prominent manner* On the middle of its body there is 
»n abrupt, elongate, black hump, about a'> conspicuous a 
deformity as could be devised, while at the base of this, 
<)n each side, there is a hand of delicate and beautiful 
metallic colour. This band is in some way dependent 
ifor its tint on the living creature within, for no trace of 
it can be seen in the pupa-shell after the insect has 
escaped. 'I'his species of butterfly belongs to the family 
Nymphalidis. The extraordinary spines of the cater- 
pillars of this group have recently been studied, and 
many of them delineated, in an elaborate and interesting 
memoir by W, Muller, which will be found in the first 
vohune of the Zo^logisckc Jahrbuchcr. 

The Diurnal Lepi'doptera are not so well represented 
40 the Insect House as they usually are at this time of 
year, there having been a great scarcity of pup<e last 
summer. But, besides the Limeniiis above referred to, 
•examples of one of the Swallow-tails {Papilio mackaon)^ 
^nd of one of the large North American Skippers {Gonio- 
ioba Htyrus)^ are now daily emerging from their pupa 
stage, and fresh additions arc shortly expected. 


NOTES, 

"Wk are glad to Icnrn, from the list of birthday honours, that 
4 fhe Companionship of the Bath has been conferred on Dr. James 
FvR.S., and the Companiomhip of St, Michael and St. 
George on Mr, Ellery. A baronetcy has been granted to Prof. 
Stokefi ; but, seeing that Prof. Stokes has been for many years 
President of the Koyal Society, and that the Government never 
thotight of erffering him any special honour until he t-ntered the 
House of Commons, we may conclude that he receives his 
baronetcy not as an illustrious investigator, but as a politician. 

On Satujday, Sir Frederick Bramwell, as President of 
the British Association, enierlained the I'resident-Elect, 
Prof. W, I’L Flower, C.B., F.R.S., a large number of 
-members of the Association,^ representatives of science, and 
other guests being invited to meet him. The dinner was 
given in the hall of the Goldsmiths* Company, the use of which 
wfcs gt^nted to him for the purpose by the Wardens of the 
Company. The list of guests included Lord Bramwell, F.R,S,, 
Ht. Justice Denman and Mr. Justice Manisty, Nff. C* Lucas, 
■Prime Warden of the Goldsmiths* Company, the Mayors' of 


Newcastle and Gateshead, Sir F, A. Abe), C.H.^ F.R.S., 
Captain Abney, R.E., C.B., F.R.S., Prof* Hol>ert8- Austen, 
F.R.S., Prof, Ayrton, F.R.S., the Ven* the Archdeacon of 
Bath, Sir I. Lowthian Bell, F. R. S., the Rev. Prof. Bonney, 
K.R.S., Sir J* Crichton Browne, P.R.S., Mr. Brudrnell Carter, 
Mr. C. Cochrane (President of the Institution of Mechanical 
Engineers), Sir John Coode, K.C.M.G., Mr. W, Crookes, 
F.k.S., Prof. Boyd Dawkins. F.R.S., Prof. Dewar, F.R.S., Sir 
James Douglass, F.R.S., Mr. W, 1 '. ThiseUon'Dyer, C.M.G., 
P'.R. S,, Dr. John Evans, F.R.S., Mr* Francis Gslton, F.R.S., 
Dr. Gamgee, F. R.vS., Dr. Gcikie, F. R..S., Mr. R. Giflisn, Mr. 
Alfred Giles, T)r. Gladstone, K. K.S., Mr. G. TC Gregory, 
Mr. Thomas llawkriey, F.R.S., Prof. Henrici, F K. S., Mr. 
Victor Horsley, F.R.S , Major-General Hutchinson, R.E., Prof. 
Judd,F. R,.S., Colonel Laurie, C.B.. M.P„ Prof. Liveing. F.R.S., 
Mr, J. Norman Lockyer, F.R.S,, Prof. McLeod, F.R.S., Major 
Marihdin, K.E., Mr. Ludwig Mond (IVesulent of the Society of 
Chemical Industry), Mr. J. Fletcher Moulton, Q. C., F.K.S., 
Admiral Nicholson, C.H., Admiral Sir F. Omnmnney, C.B., 
FK.S., Sir P. Cunliffe-Owen, K.C.B., K.C.M.(r., Dr- 

William Pole, F.R.S., Mr. W. IL Preece, F.R.S., Colonel 
Rich, K.K., Prof. Romanes, F.R.S., Sir H. E. Roscoe, M.I*., 
F.R.S., Prof. Rucker, F.K.S., Dr. Russell, F R.S. (President of 
the Chemical Society), Prof. J. S. Burdon Sandeison, F.R.S., 
Prof. Schafer, F.R.S., Dr. P. L. Sclater, F.K.S , Sir William 
Thomson, F.R.S., Sir William Turner, F. R.S., Major TivlJoch, 
R.E., Sir C. W. Wilson, R.E,, K.C B., K.C.M G., Sir Francis 
dc Winlun, K.C.M.fi., Mr. IC. K. Wodehousc, M.P., and 
many others. In England, which iti this uspcci diflcrs widely 
from the other leading count rie** of Europe, men ol .science, in- 
cluding even those in State employ, are not invited to take part 
in such State functions on the birthday dinner. It was a 
happy thought on Sir Frederick BramwcU’s part, theiefore, to 
.veleci the (Juecn’.s birthday as the day on which his dinner was 
to be given. Many of the most eminent men of science in the 
country had thus an opportunity of associating themselves with 
the expression of the general feeling of the community on an 
interesting public occasion. By this time it should surely be 
manifest to everyone that, on all such occasions, science should 
be prominently represented. The State has nothing to lose, 
but, on the contrary, has much to gain, by the full recognition 
of science as one of the most vital elements of national progress. 

The gold medal of the Linncan Society has been awarded this 
year to Prof, de Candolle, the eminent botanist, in recognition 
of his distinguished services to botanical science. 

I N hts Presidential address, delivered at the anniversary 
meeting of the Linncan Society on the 24th inat., Mr. Car- 
ruthers gave an interesting and detailed account of the existing 
portraits of Linnasus, many of which are in the Society's posses- 
sion. The result of hi* inquiries showed that there are wven 
original and aulhenlic portraits of Linoficus in existence ; that the 
engravings most widely known are from the originals by latmAer 
and Roslin ; and that these give the most faithful represeotation 
of the features of ihc great naturalist. 

A NBW depttrfcore, likely to be prodnetive of far^reochhlg 
results, has recently been taken in connection with the scirOtifie • 
work of the Scotch Fiaheiy Board. Since 1809 the ScoC^ 
iuheries have been under special supervision, and at one time 
the Scotch fi^ry statistics were in advance of those of any 
other country. Previons to 1SS3 occasional scientific inqulrito 
were made by Sir Lyon Playfair and Prof. AUman, and «biee 
iS8ziAvesl)gatiaFns have been systenuuicdly carried on under 
the direction of Prof, Bwart and Sir James Maitland. Ynftr by 
year the scientUic W'ork has been extended, nod for some Bme 
a fci^ nlific department has exisud in evcryilUng but in hame. 



107 


Mm JO, NATURE 


IMtt department/ whicli Mem*r to enjoy the' confidence of the 
Ofitoe, and all the aeatstance the Importance of the fisherieii 
demand*, haa novr been fiitly reco^nited and strengthened by the 
formation of a Committee of advice and reference, which in- 
cludes representatives from all the Scotch Universities, and, in 
addition, art eminent statistician and the distinguished Director 
of the Edinburgh Sdence and Art Mnsenm. The Committee, 
which is expected to advise as to technical and statistical as well 
as biological and physical questions, consists of Profs. Bayley 
Balfour, Crum Brown, Dittmar, D'Arcy Thompson, McIntosh, 
McKendrick, McWilliam, ThiiH, and Young ; Sir R. Murdoch 
Smith, and Mr. G. A, James m. Those responsible for the 
formation of this C'ommittee are to l>c congratulated, not only 
for the bold and enlightened policy displayed, but also for en- 
listing the active interest of so many distinguished men in the 
Scottish fisheries. The willingness of the members of this Com- i 
miitee to co-o|.icrate with the present directors of the scientific 
work is the best guarantee that their past labours have been 
appreciated, the best reward for surmounting the many didjculiies ' 
that have necessarily been met with in initiating and carrying on ' 
fishery investigations. 

Mr. Richard Buixek Newton, of the Gcdogicnl Depart- 
ment, British Museum, lias !)een presented to an Assistantship 
of the first class. 

Mr. Meli-IMSH succeeds the late Mr. John&.on as Electrician 
to the Government of India. ‘ 

Ms. Haly, Curalor of the Colombo Museum, has published | 
a “ first report ** on the collection of moths in the Museum. It j 
is compiled from Messrs, Coles and Swinhoe’s catalogue of the ; 
moths of India and Ceylon, and Mr. Italy has added all that is 
at present known concerning their local distribution and the 
times of the year at which the species appear. 

The Johns Hopkins Hospital, Baltimore, was opened on 
M«y 7. An address was delivered on (he occasion by Dr. 
Daniel C. Gilman, who spoke eloquently of the close relation* 
ship between the advancement of knowledge and the progress of 
charily. 

MB£S'RS. TrObnER have issued the first number of what ought 
to be a useful monthly periodical — T^g rgn\)t/uaJ /Wss Ipt^gx. 
The aim of the editor is to present a record of the more 
important subjects dealt with in periodical literature air home 
and abroad. As it would become irkson^e in course of lime to , 
consult a monthly index, arrangements are being made for the , 
publication of an additional yearly volume on a plan which will j 
render it unnecessary for students to refer to each part month by , 
month. I 

Prof. H, G. Seklky, F.R.S., will conduct the London Geo- 
logical Field Class to sections on the North Downs, showing 
Gault and Lower Greensand, on Saturdays in June and on Whit 
Monday. Communications should be ^dressed to the Hon. ' 
Sec., Mr. R. H. Bentley^ 31 Adolphus Road, Brownswood 
Park, South Hornsey. | 

A NEW substance, singular alike tn its chemical nature and in 1 
its properties, has been discovered by M. Pochard. It is a mixed ' 
acid derived from oxalic and molybdic acids, and is therefore 
teroi^ OEalomelybdic acid. It i&'a solid, crystallizing in large 
monOcHnk pHsms, and forms a well-defined series of sails. 
Berae Hnslopg ago found that molybdonum trioxide readily dis- 
solved in a hot solution of oxalic acid, but appears never to have 
Instigated the nature of the reaction. When the molybdic acid 
W been added almost to saturation the liquid becomes syrupy, 
and on evaporation yields crystals of the new oxalomolybdic 
“«(d, whidt on anmtysU give numbers correspo tiding to the 
fOTiunla C#H/>4 . MoOg . H, 0 . The finest crystals are obtained 


by dissolving the viscous mass, fotmedH.j»n evaporalins the 
saturated solution of the acid, in dilute nitric acid, and allowing 
it to evaporate in a desiccator. Oxalomolybdic acid is ahnoet 
totally insoluble in strong nitric acid, and if an excess of nitric 
acid be added to a saturated solution of the new acid, smatt 
crystals at once separate ; but if dilute nitric acid be employed/ 
the crystals form more slowly, and are consequently nMcls 
larger and more perf^ect. The cry.stalB dissolve in cold 
water, more rapidly on warming, yielding a colourless anil 
. strongly acid liquid. ITiat it is a true mixed acid is shown by 
I the fact that it forms cr3'stalline salts with metals. If a splutioo 
' of silver nitrate is added to a warm solution of the acid in 
! waier, a yellow Ciystailine precipitate of the silver salt, 

I CjAgjO^ . MoOj, is thrown down. This salt is ins duble in 
water, but, like many other silver salts, is readily dissolved 
by ammonia. Barium chloride or baryta water precipitate 
in a simitar manner the barium salt C,Ha04 . MoOg, iiv 
the form of small colourless crystals. The sodium salt, 
CjNn,04 . MoOu . SHjO, is readily obtained in good crystals 
by neutralizing the acid M-ith soda. The crystals of oxalo- 
molybdic acid, when dry, may be preserved unchanged either 
in sunshine or in the dark. But, if moist, they quickly ba* 
come coloured blue when exposed to the sun's rays. If choK 
racters be written on paper with the solution, they re mam 
invisible in a weak light ; but, when exposed I0 saw- 
shine, they rapidly l>ccome visible, turning to a deep indigo 
colour. It is curious that this effect only happens when the 
solution is spread over paper or other surfaces, for the solntiow 
itself may be kept unaltered in the boiiie for any length of ttiBe, 
except for a trace of blue at the edge of the meniscus, where, by 
surface action, a little is spread against the interior glass wallsc 
If a sheet of paper be immersed in a saturated solution of the 
I acid, dried in the dark, and then exposed behind an ordiniRry 
I photographic negative, a very sharp print in blue may bo 
I obtained by exposure to sunlight for about ten minutes. The 
[ colour inslanriy disappears in contact with water, so that if a 
i piece of this sensitized paper be wholly exposed to sunlight, one 
! may write in white upon the blue ground by using a pen dipped 
! in water. If, however, the paper with its blue markings be- 
i exposed to a gentle heat for a few minutes, the blue changes tc 
black, and the characters are then no longer destroyed by water. 

The Pilot Chart of the North Atlantic Ocean foe the months 
of May shows that the month of April commenced with generally 
high barometer ami moderate weather over the greater part of the 
trans-Atlantic routes, followed by easterly gales on the 3rd, and 
continuing in the eastern regions until the nth. On the 7th and 
I5ih, areas of high barometer left the American coast* and 
slowly traversed the ocean, reaching F.urope on the 15th aotl afiih 
respectively. Several storms visitc<l the American coast, one ofil 
Hatteras on the 7th and 8th being of marked severity, causing 
the water to rise a foot higher than ever known before at Norfolk, 
and doing great damage both on shore and nl sen. There w«s 
a great increase of fog, especially off the const of the United 
States. A large iceberg was seen on tlie 9th, in lat, 48'’ 
and long. 44” 40' W. 

A LIMITED i^umber of copies of the fif't part of the '* Biblio- 
graphy of Meteorology,'* which has been formally years in comne- 
of preparation by the Washington Signal Office, has been issued 
in a lithographic form by General Greely. It contains 382 quarto- 
pages, and includes all the titles of books and articles bearing 
upon the subject of tem, erature from the origin of printing to- 
the close of 1881. Similar titles covering the period from iSS2‘ 
to 1887 have also been prepared, but are not included, in the 
present volume. The classification uf the titles is based upon a 
scheme furniijbed by Dr. A. Lancaster, of Brussels, and is ar- 
ranged under nineteen subdivisions, the arrangement of each 
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MbdiviHioo being chronologica] under ihe autKoriit’ nameSf and, 
at the endf a lUt of authors' names is given, with references to 
the pages on which their works are foand. We think that, con- 
sidering the Inige amount of materials to be dealt with, this is 
the best arrangement that could be made, although, whenever a 
minor classification is attempted, it invariably leads to difficulties 
of arrangement, and to corresponding difficulties in turning up 
any particular work. We should like to have seen some reference 
to the libraries in which the older works are to be found, as has 
been done for all titles given in the Brussels catalogue- The work 
is one of the greatest importance to all meteorologists, and we 
can only hope that the favourable reception it is sure to meet 
with in all countries will induce Congress to order its regular 
publication, and that of the volumes relating to all other meteoro- 
logical sulijccts, the materials for which ore already prepared. It 
was on this distinct understanding that Mr. G J. Symons 
banded over his 20,000 titles lo General Hazen, some years 
ago. 

At a recent meeting of the New York Acatlemy of Sciences, 
General Andrews, commenting on a paper al)out the proposed 
Tehuantepec ship railway, made some interesting remarks on the 
general subject of ship railways. Estimates which he regards as 
incontrovertible show that a ship can be hauled by a locomotive 
over a ship-railway, or, as he prefers to designate it, a ship- 
tramway, with the expenditure of only one -half the amount of 
coal which the same ship must burn to propel herself through 
the water of a canal The most frequent objection urged against 
the practicability of the scheme is that it would rack the ship \ 
but General Andrews explained that the weight is so distributed 
among the numerous supports that no one need sustain a greater 
weight than a man presses upon his foot in walking. The 
gradients of the i*oule will be very slight, not exceeding 2 inches 
in 400 feet,, the entire length of a vessel He ha<l made obser- 
vations, during a voyage aboard the steamer Britannic ^ to 
measure the amount of strain to which she was exposed in a sea 
of no very great roughness, and found by stretching cords that 
the steamer was bent sixteen inches by the w'aves, but without 
the slightest injury : hence he infers that the stress on a vessel in 
crossing the isthmus would be inap]}reciab]e and harmless. 

Mr. Alexander Dhrlachkr has presented to the Royal 
Colonial Institute an interesting collection of native weapons and 
implements from Western Australia. 

A RESOLUTION has been issued by the Government of India, 
dealing with the preservation of antiquarian treasures, with the 
view of making known the conditions under which the Government 
can claim articles of archaeological interest, and to provide fortheir 
better preservation for the public by holding out the prospect of 
sufficient reward to finders of treasures. The resolution lays 
especial stress on the importance of paying proper consideration 
to the claims and expectations of these latter, as the end in 
view will be defeated if those who discover objects of antiquarian 
value are not induced by the hope of sufficient reward to make 
their djusooveries known to the public authorities. 

Captain A. P. Madsen lately communicated to the 
Northern Antiquarian Society of Copenhagen an account of 
his examination of the celebrated great ‘^kitchen-midden” at 
Meilgaard, in Jutland, which has only once before (in 1869} 
been slightly examined. It is now situated several miles inland, 
but the configuration of the country showed that at the time of 
its formation a bay existed ther^. The midden was at one time 
some 12 feet in depth, but is now only 6. Oyster-shells predomi* 
nated, then came the common blue mussel and winkle There 
were also shells of three kinds of other mussels, of which two 
are extinct, but the third species is still found in the Limfjord. 
There were three places with remnants of charcoal and a^es. 
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The bones found were thoftjs of WAter rets, ring seols^ 
dogs, pigs, foxes, martetM(»ffctei%boacv, roe-^deer, stags, bullotik^ 
common swans, wild the great loon, sea-gulls, ring- 

doves, and crows ; and of fishAe, £h(M of salmon, jack, eel, cod, 
and flounder. Of implements from the Stone Age were 
chisels, hooks of bode, a flint wedge, arrow-heads, drills, Ac, 
The quantity of the remains indicated that a considerable popu- 
lation had lived in the vicinity, who no doubt brought the spoils 
of the chase thither. The land was now 20 feet above sea-level, 
but there was every appearance of the site having once been on 
a promontory by the sea. Many ol^he middens in Jutland were 
now situated from five to six miles inland, but had undoubtedly 
once lain by the sea. In one midden, Captain Madsen had 
found split marrow-bones, ornamented pottery, and polished iro- 
plemetus* together with bones of sheep and goats, hut no 
marine shells, indicating that there were also middens from a 
more recent period. Commenting upon these explorations, Prof. 
Japetus Steenstrup maintained that Captain Madsen's account 
of the rising of the land was exaggerated. 

The last number of the Bendiconti delta R. Accadefnia diei 
Lined contains a reference to an Italian precursor of Franklin, 
the Venetian physician Eusebio Sguario, reputed author of a 
work on “Electricity, or the Electrical Forces of Bodies,” pub- 
lished in 1746. In this work occurs the following passage; — 
“Still it seems impossible for the violence of a subtle effluvium 
to acquire sv\ch intensity, however increased we may suppose it 
to be, unless by this means we should succeed in discovering 
the tremendous velocity of that subtle igneous matter which 
constitutes lightning. And who will ever venture boldly to 
deny that lightning is nothing else than a subtle electrical sub- 
stance impelled to the last degree of Us violence? It would 
certainly be a fatal surprise for that experimenter, who, finding 
in this way a means of producing artificial lightning, might fall 
a victim to his curiosity.” This was written two years before 
the appearance of the work on physics by Nollet (Paris, 1748), 
who has hitherto been supposed to be the first writer who has 
expressed in dear language the close relation existing between 
the phenomena of electricity and lightning. 

The British Secretary of Legation in Rio de Janeiro, in a 
recent report states that for ‘many years, though with varied 
intensity, a destructive disease has existed in the best zone of 
territory for coffee in the province of Rio de Janeiro. It has 
never been so bad as the coffee -leaf dUease in Ceylon and Java, 
but nill has done much harm. A scientific Government 
Dr, E. Gtilde, in correspondence with Dr. Soltmedel, of Java, 
has now almost proved that the BraziUan root-disease and the 
Ceylon leaf-disease have the same origin— namely, a small worm 
in the root, belonging to the group of Ncmatoids, similar lo the 
worm in beetroots in Europe. 

The Hydrographical Department of Russia has devoted, since 
1837, a good deal of attention to the secular rising of the coasts 
of the Baltic Sea, and a number of marks have been made on 
the rocky coasts of the Gulfs of Bothnia and Finland in order to 
obtain trustworthy data as to the rate of the upheaval of the 
coasts. Since 1869, observations have been carried on in a 
systematic way for measuring the changes in the level of the 
Baltic at several of the above-mentioned marks, and the results 
of the observations are now summed up hy Colmel MikhailoflF 
in the Izvesfia of the Russian Geographical Society (vol. xxiv. 3). 
Taking only those stations at which the secular change could he 
determined for a number of years varying from thirty-one to 
thirty-nine years (1839-78), the rise of the coast in a ceittuiy 
would appear to be as fcdlows : Aspo, 20*3 inriies ; Lehtd, 
11*5 inches ; Island of Kotkd, 26*7 ; Sveaborg, 22 '8 and 25*1 ; 
Kangbudd, 337 ; Island of Skotland, 12‘5 ; Island of 
31*6 ; Tverminb, 36-2 ; Island^of Gloskkr at Redhamn, 12*2*^ It 
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that the ft^re of a)Kmt three feet in a century, 
imdh was deduced from Ibrmar observotionn, cannot be very 
fkr Ihmi the truth. As to locdl anotoalles, they remain still 
•uneaplaiued. 

TKh additions to the Zoological Society's Gardens during 
the past areeic include two Yellow^fronted Tanagers {Euphonia 
,/lamJro»s) from Dominica, presented by Mrs. Herbert ; two 
Manx Shearwaters (Puginus anghrum) from the Scilly Islands, 
presented by Mr. F. Hensman ; an Ocelot patMis) from 
South America, deposited ; four Black- tailed God wits {IJmosa 
>irgoctphaliP)y European, purch^tted ; two Indian Muntjaca (Cer- 
xmius muntjac d ? ) from India, received in exchange : a Persian 
'Gazelle (Gaulla suhguUerosa 9 ), two Bennett’s Wallabys {ffal* 
maiurus bennetti 9 9 ), a Hog Deer ( Cerous porcinus d }, a 
Collared Fruit Bat {Cymnyeferis rMtrij), two Grey Wagtails 
\M0taHlla fnelttnop€\ bred In the Gardens. 
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Comet 188K e (Barnard, Septkmiikr 2). — The following 
ephemeris for Berlin midnight for this object is in continuation 
Jpf that given in Nai urk, vol, xxxix. p. 616 : — 


1889. 

R A. 

h, m. &. 

T)eol. 

Log r. 

Log 

Bright- 

ness. 

June I , 

. 22 54 22 . 

. 2 39-9 N.. 

0*3730 • 

0 * 344 * 

... 2*1 

5 • 

• 22 47 38 . 

. 2 40-5 

. 0 3786 . 

. o' 33*7 

2 ' 1 

9 - 

, 22 40 4 

. 2 38-1 

0-3842 . 

■ 0*3193 

... 2*2 

n • 

‘ -22 31 3 ii 

■ 2 32*5 . 

. 0*3898 . 

. 0*3070 

.• 23 

17 • 

. 22 22 16 . 

. 2 23*6 

. 0*3954 . 

. 0*2952 

... 2*4 

21 . 

. 22 II 57 . 

. 2 io‘7 N.. 

. 0*4010 . 

. 0*2839 

... 2-4 


The brightness at discovery is taken as unity. 


The Motion of Stars in the Line of Sight.— P rof. H. 
C. Vogel, noting the difficulty which' has been experienced .it 
the Greenwich and Kughy Observatories in making eye-observa^ 
tions of the dWplacement of the lines in stellar spectra due to 
the approach or recession of the stars, has endeavoured to solve 
the problem by means of photography, and has met with very 
considerable success. The atmospheric tremors, which are so 
baffling and often misleading to direct eye ‘observation, counteract 
^ach other and produce little or no effect on the photograph ; 
and the feebleness of the light of a star when spread out into a 
long spectrum is overcame by a lengthened exposure. Prof. 
Vogd gives the following results (in German miles per second) 
for five stars, of which four have been observed at Greenwich :■ — 


Star. 

Capella ... 
Atdebaran 
Polaris ... 
a Pert-ei ... 
Procyon ... 


Vogel. 

Greenwich, 

+ 3-5 

, ,, 4 4’^ ' 

+ 6-5 

+ 6-8 

“3-S 

... not observed 

-I’S 

... -48 

-*■5 

- 0 8 


The Greenwich observations for 1888, nearly contemporaneous 
therefore with the I\>t8dam tobservations, give the motion of 
Procyon as - 0*8. The agreement of the individual photographs 
is very gratifying, and is much closer than that of the eye- 
measures made on different nights. 

The Latitude op Detroit.— A determination of the 
latitude of the Detroit Observatory has recently been made by 
Dr. Ludovic Estes. ^ The zenith telescope was employed, and 
'the reinilta were discussed by the method of least squares. The 
value arrived at after all corrections 42* i6' 48'* *66 ± o"-o5!. 
An interesting point in connection «||h the observations is that 
emaller values were obtained from low stars, which seems to 
•Indicate that northern stars are refracted less than southern, for 
the same zenith distance ; and that, therefore, the layers of the 
attnosphere, instead of being parallel to the surface of the earth, 
are dc^resa^ more rapidly toward the north " (p. 54). 

The MrNOR Planet Victoria.— A programme has been 

S awd by Dr. Gill, of the Royal Observatory, Capo of Good 
e, for observations of the minor planet Victoria at its op- 
Ion in i88^ j the opposition in rfeht ascension occurring on 
July and the primaty object of these observations being to 

'Attn Arbor, Mich. : Ttte R«aisc«r Printing atiJ Publishing Company, 


determine the parallax of the sun from heliometric measures, A 
list of comparison stars is given, and is so arranged that when the 
planet is situated at the greatest zenith distance where good ob- 
servations may be made, one comparison star may be bdow and 
another above it, the measurement by the heliometer of the 
difference of two nearly equal and opposite distances giving the 
most accurate result obtainable. 

Victoria has a zenith distance of 62^ at an hour-angle of 
4h. for the Cape, 2h, for European Observatories, and 3h. for 
Newhaven. A list is given of the limits of hour- angle during 
which observations of the planet may be made from June ro to 
August 29. 

1 he corrected ephemeris of the planet has been computed, and 
it is hoped that co-operating mendian Observatories will deter- 
mine the places of the thirty-seven comparison stars with the 
meridian circle, and at the same time procure as miny meridian 
observations of the planet as possible. Provided that means 
exist for determining the distortion of the photographic film, and 
the optical distortion of the field, photograph taken in both 
hemispheres showing the planet lengthened out so as to form a 
straight line, whilst neighbouring stars are well defined, arc 
available for the determination of parallax. Dates are also given 
when photographic observations of Victoria may be advant- 
ageously combined with heliometer observations. 

Meridian Ohservations of Iris. — A similar programme to 
the above was issued by Dr. Gill, in September 1888, for obser- 
vations of the minor planet Iris ; and Mr. Arthur A. Rambaut, 
assistant astronomer at Dunsink Observatory, has made 
observations, with the meridian circle, of the places of the planet 
and the twenty-eight comparison stars given. The measures 
will be found in A/tfwM/y A*,.d.5'., March 1889, and ex- 

tend from September 7, 1S88, to January ro, 1889. Between 
these dates twenty six observations of Iris were made, and its 
apparent right ascension and declination found. During the 
progress of the work two comparison stars were added to Dr. 
GilPs list. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 JUNE 2 -8. 

/pOR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 24, 
is here employed. ) 

At CrecHivich on June 2 

Sunrises, 3h. 50m. ; souths, iih. 57m. 45 'Ss.; daily increase 
of southing, 9 '6s. ; sets, 20b. 6ui. : right asc. on meridian, 
4h. 42-3111. ; deci. 22” 15’ N. Sidereal Time at Sunset, 
I2h. 52m. 

Moon (at First Quarter on June 6, 2oh.) rises, 6h. 42m, ; 
soutlis, i5h. 2m. ; sets, 23h. 17m, i right asc. on meridian, 
7h. 46*8m. ; deck 22* 19' N. 


6 S. 


5N. 

* Indicates thai the rising is that of the preceding evening and the setting 
that of the fodowing morning. 

June. h. 

4 ... 8 ... Saturn in conjunction with and i” 47' south 

of the Moon. 

6 ... — ... Venus at period of greatest morning brilliancy. 

6 ... 20 ... Mercury stationary. 

Saturn, June 2.— Outer major axis of outer ring » 39"'* = 
outer minor axis of outer ring s to" *6 1 southern surface visible. 


PlaaeL 

Rimb. 

Souths. 

Sets. 

on mendian. 


h. m. 

h. m. 

h. m 

h. m. 

23 

Mercury.. 

5 4 . 

• *3 25 . 

21 46 . 

6 97 

Venus ... 

2 25 . 

. 9 28 . 

16 31 . 

* I 2 S 

11 

Mars ... 

^ K 

12 16 .. 

20 31 . 

. 5 0*6 . 

23 

Jupiter ... 

21 49 • 

. I 44 . 

S 39 . 

. 18 26*6 . 

• 23 

Saturn ... 

8 52 .. 

. j6 28 .. 


. 9 *3 2 

.. 17 

Uranus... 

14 52 .. 

, 20 22 

l 52 *. 

. ts ri • 

.. 6 

Neptune.. 

3 3 * 

It 18 .. 

19 S • 

. 4 2*6 , 

.. 19 


Near B Coronm 
„ B Ophiuchi 
,, a Cephei 


Moiior-Shomrs, 


R.A. 

Dad. 


.. 2a8* 

. 30 N. .. 

. June 2. 

262 

.. SN. .. 

. Rather slow. 

317 . 

.. 6i N. 

. Swift ; streaks. 
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VariahU Siars^ 


Star. 

R.A. 

Ded. 





h. m. 



h. 

w. 

V Cefdiei ... . 

. 0 Sa '5 . 

. 81 17 N. 

. June 

4 i 23 

49 m 

S Cancri ... , 

■ 8 37‘6 • 

19 26 N. . 

' »» 

5 i 3 

18 m 

R Virginis ... . 

. 12 32-9 . 

. 736N. . 

• 1 1 

7 i 

M 

8 Librse 

. Id 55*1 . 

. 8 SS. - 

* M 

3* 21 

1 

R Ursae Minorls . 

. 16 31-5 . 

. 72 30 N. . 

’ It 


M 

U Ophiuchi... . 

. 17 10*9 .. 

. I 20 N. . 

< *f 

6. 3 

14 m 




If 

6, 23 

22 m 

X Sagittarii ... . 

. 17 40*6 , 

.. 27 47 S. . 

’ II 

7 . 0 

0 fS 

U SagiUarii... , 

. i8 25 6 ., 

.. 19 12 s. , 

» »> 

2, 2 

0 m 




, 1 

5. * 

0 M 

R Lyrae ... , 

. 18 52'0 .. 

,. 43 48 N. . 

• II 

5 i 

M 

R Saglttm ... . 

.20 9'o .. 

,, 16 23 K. . 

• II 

7 . 

m 

U Capricorni 

. 20 42*0 .. 

. 15 12 S. . 

II 

7 » 

M 

W Cygni ... . 

. 21 31-9 .. 

■ 44 53 N. . 

II 


M 


M mutimum ; vt mLnlmuni. 


GEOGRAPHICAL NOTES. 

At the anniversary meeting of the Royal Geographical Society 
on Monday » the medals and other honours already announced in 
Nature were awarded. Dr. Kadde, of 'I'iflis, appeared in 
person to receive his medal, which he acknowledged Wiefly and 
appreciatively. 7 ’hc address of the President, General Slrachey, 
was of more than usual interest. After referring to (he geo- 
graphical events of the year, he took up the subject of Central 
Africa, its future exploration, and its subjection to the commercial 
and civilizing inBuence of Europe. General Strachey reviewed 
the results of European contact with the various other parts of 
the world, savage and semi-civilized. “There is no room to 
doubt,” he said, “ that the occupation of the earth by man in the 
many various modes presented to us has been determined mainly 
by the physical conditions of the surface, the distribution of land 
and sea, and the nature of the climate, operating in conjunction 
with the particular inherited capacities of the .several branches of 
the human race, which have themselve.s been largely determined 
by these same physical conditions. 'J'he diffusion of races, and 
their more or less permanent occupation of various parts of the 
earth, have necessarily been regulated by their relative powers of 
adapting themselves to, and taking advantage of, the facilities for 
existence offered by the regions they occupied, and of resi ting ad- 
verse pre-sure of all sorts brought to bear upcm them from without. 
Among the best safeguards against that form of pressure which 
consists of the intrusion of other races, have ever been imlation 
by the ocean, or by high mountnins, great land distances, forests 
and deserts ; and hence it has been that the interiors of the great 
continents have for thcTnost p,nri been last explored, and their 
inhabitants least disturbed. As the first of these defences was 
weakened by the development of the art of nnvigadon, the pro- 
gressive races of Europe began to seek for fresh scoi^e for their 
activities in m^iny distant regions, thus for the first time rendered 
aceearible to them. From very small beginnings within the 
Mediterranean, which for several centuries gained strength only 
by slow degrees, at length burst forth some 400 years ago the 
stream of conquest and commercial adventure which has in our 
time been carried across every part of the ocean ; and has beaten 
on all its shores, throwing open an infinitude of lines of attack 
for the inroads of European progress upon regions previously 
resting in various conditions of relatively primitive stagnation.^' 
General Strachey then, in a highly suggestive manner, reviewed 
the methods and results of European conquest or European 
civilization in North, Central, and South America, Australasia, 
InJia, China, North Africa and Suuih Africa, and, coming 
final!)" to Central Africa, he pointed out that the condittoni 
there were peculiar and reauired peculiar treatment. “The 
vast area of tropical Africa,'’ he said, “its climate, < often so 
hostile to Europeans, and the numbers and chiracter of the 
population, combined with the peculiar difficulties attending 
all transport in the interior, have retarded the progreif of 
geographloal discovery, and obstructerl that intercom municarion 
between neighbouring district which supplies the natural 
machinery by which the progress of the less advanced races is 
carried forward. It is impossible to suppose that the impression 
to be m^e on these countries- by the mere handful of men of 
northern race who are now scattered along its coasts or at a few 
points in its interior, can be anything but extremely slow. Mid U 
IS hardly less ceruin that under the wholly different conditions 


that Central Africa preaenta Iroin those of any other OM M I^ 
hitherto brought within the operation of the process of ciymil^ 
tion, the form which that process will take, and its resulu, wBl 
be very different from anything that past experience oan suggest. 
The possibility of any colonization by direct immigration on such 
a scale as to produce effects in any way analogous to those ob- 
tained in North America or Australia is obviously excluded ; the 
condiiion of the people over the greater part of the continent 
renders it equally impossible to look forwawl to a time whed- 
systems of administration at all approaching that of India could 
1^ established; and amalgamation between European 
and the indigetmus races appears no less out of the qaestioni 
The operation of bringing a population such as that of Central 
Africa under the restraints of civilizition will necessarily be a 
long and no doubt in some respects a painful one, for assuredly 
the conflict with slavery, cannibalism, and massacre cannot be 
carried to a saccessfiil issue by gentle means alone. The dangera> 
that attend precipitation, with consequent reaction, have bemn 
already exemplified too plainly, and by the sacrifice of too 
many noble lives ; and in circumstances such as those that here 
have to be dealt with, tole ationof unavoidable evil at the outset 
may well afford the best and moat certain means of introducing per- 
manent improvement, Nor can I see any reason to question the 
conclusion that the best method of entering on this gigantic task 
is that which the general sense of Europe has practically resolved 
to adopt — namely, to form commercial associations intrusted 
with the exercise of reasonable adminisirative authority within 
the several areas assigned to them, hoping that thus the Afrieani 
population may by degrees be taught innt the path to social and 
material comfort and well-being lies through well ordered In- 
dustry and peaceful occupations ; in imparting which lessons 
the earnest co-operation of the many purely philanthropic 
missions already established among these people may be most 
confidently counted on,” 


BEACON LIGHTS AND FOG SIGNALS? 

II. 

TN 1876, Mr. Julius Pinttch, of Berlin, patented in this country 
^ his system of illuminating buoys or other floating bodies by 
compressed oil gas, and in 1878 one of these buoys was exporf- 
mcntally tried at sea with success by the Trinity House. iTie 
system is similar to that previously adopted by Mr. Pintsch with 
great success in the lighting of railway carriages, but with the 
addition for buoys of a specially constructed lantern, containing 
a small cylindrical lens for fixed light. Through the kindness 
of the Piiitsch^s Lighting Company, we have here one of these 
apparatus, producing an intensity m the beam of about twenty 
candle units. With the charge of gas contained in the buay, the 
light is shown continuously, night and day, from two to four 
months, according to the dimensions of the buoy, without re- 
filling or requiring any other attention except occasional cleaning 
of the lens and the glazing of the lantern. In 1883, Mr. William 
B. Rickman patented a very ingenious addition to this apparatns 
for producing occulting or fi^^hing light. The apparatus is 
automatically worked by the issuing compressed gas on its way 
from the buoy to the burner. After passing the regulator where 
the pressure of the gas is reduced for burning, it enters a cylia* 
drical chamber covered with a diaphragm of very flexible specially 
prepared leather, this diaphragm, on being slightly rawed by the 
in-nowing gas,, communicates motion to a lever, which, assisted 
by a spiral spring, closes the inlet pipe, and opens at the same 
time the passage to the burner. As the gas passes on 
is consumed at the burner, the diaphritgm by its own weight,, 
assisted by the spring, sinks, and touching the lever, olostts 
the outlet aperture to the burner, and at the same 
opens the inlet of (he ga^ from the buoy for another charge; 
Tnus the light is extinguished white the gas is entering tlM 
chamber, and until the latter is refilled, when the pasengi 
from the buoy is again closed by the rising of the diapnnmi. 
A small pilot jet is constantly burning to insure the re-igninon 
of the gas when re-admitted to thelhimer. It is evident thsot 
several characteristic distinctions of light may be obtained 
modifications of this ingenious apparatus. About 150 buoM 
lighted on the Pintsch ^ftem are already rendering vaiualttn 

' Friday evenlmr dlKeMSS delivered at the Royal tAttlmdeSi bf SW 
jatnes N. Douglass, F,R.&. on Msrch 15. Cofitiousd fron p. 91. 
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ina^inevs in various parts of Ihe world. For the more on his lighthouse at the Spurn Point, on the cast side of the 
important stations at sea where light-vessels are now employ’cd entrance to the Humber. So Jatc as 1815, sj^erm oil was 
the ayettem is considered to be yet wanting in that irustworthi* entirely used in the lighthouses and light-veshcls of the Trinity 
seM which should be the leading characteristic of all coast House ; ^t, shortly afterwards, coJ«a was adopted with the 
lighlidg. Very important experiments have lately been matle same cflficiency, and with a saving in annual cost of abont 44 
^ the Lighthouse Board of the United States, at their General cent. In 1861, experiments were made by the Trinity House 
Depot at Tompkinsville, New York, with buoys lighted for determintt^ the relative efficiency and ccortoray of colta 
electrically by glow lamps^ operated through submarine con- and mineral oil for lighthouse illumination ; but owing to the 
Actors from the shore. These experiments have proved so imperfect refinement of the best samples of the latter then pro* 
«cce*sful that an Installation for marlclng the Gedney^ Channel curable in the market, together with its high price, the result of 
etltrance of LfOwer Bay, New Yorb Harbour, with six buoys and the investigation was not so satisfactory as to justify a change 
100-candle glow lami>ii, was lighted on November 7 last. Gas from colza. In 1869, the price of mineral oil of go)d illumin- 
buoya were considered inapplicable for this special case, owing ating quality, and safe flashing-point, was found to be prociiraWe 
to their form and S'ze rendering them liable to break adrift, at about half the price of colza, when the Trinity House deter- 
particularly when struck by Heating ice or passing vessels. The mined to make a farther aeries of experiments, and by thcic it 
buoy adopted for the service consists of a spar 46 feet long, was ascertained that, with a few simple modifications of the 
having its lower end shackled direct to a heavy iron sinker, resting i argand burners then in u^c, they w'ctc rendered very efficient 
on the lioitom. At the upper end the buoy is fitted with an iron 1 for the purpose ; it was also found that these burner^ were thus 
cage inclosing a heavy glass jar, in which is placed the glow lamp j considerably improved for the combustion of colza. A change 
of 100 candle units intensity. The cable is secured by wire staples i from colza to mineral oil was then commenced, and mineral 
in a deep groove cut in the buoy and covered by a strip of wood. I oil is now generally adopted in the lighthouses and Jight- 
For a distance of several feet at the lower end of the buoy the 1 vessels of the Trinity House service ; and with even greater 
calde is closely served with iron wire, over which i,s wound spun ; economy than was at first anticipated, ibc price of this illu- 

yam to prevent injury from chafing on the shackle and sinker. The minant being now rather less than one-third that of colza, 

central station on shore, with steam-engines and dynamos in The most powerful oil burner then in use was one of four con- 
duplicate, is on Sandy Hook, at a distance from the extreme I centric wicks, the joint production of Arago and Fresnel, and 
buoys of about 3 nautical miles. The installation is reported to adopted by the FVeneb lighthouse authorities about the year 
be working coniiriufiusly and successfully. For auxiliary or port i825» in conjunction with the then new dioptric system of optical 
lights on shore where no collisions can occur, the Pintsch gas ’ apparatus of Fresnel, The standard intensity of the combined 
system is found to be very perfect. At Broadness, on the ' flames of this bumer, one of which v c have here, was 260 candle 
Thames, near Gravesend, the Trinity House erected in 1885, an units. A further development was made during the experiments 
automatic lighthouse illuminated on Flnlsch*s system, as shown ; of the Trinity House in 1871, by increasing the number of wicks 
by the diagram. This small lighthouse shows a single flashing from four to six, which moie than doubled the intensity of the 
light at periods of ten seconds, the Hashes having an intensity of , light, while effecting a condensati'^n of the luminary per unit of 
500 candle units. The flashes and eclipses are produced with ^ focal area, or, in other words, improved the optical efficiency 70 
perfect regularity by special clockwork, which also turns on the 1 per cent. We have here also one of these burners. 

^5 supply to the burner at sunset and off again at sunrise. It | I have since devised an argand liurner for the combustion of 

IS also arranged for periodic adjustment for the lengthening and , all illuminating gases and oil-, whereby still further condensation 
shortening of the nights throughout the year. This automatic | of the flames, together with greater intensity an 1 economy of 
light is in the charge of a boatman, who visits it once a week, combustion, is obtained, and the glass chimney is protected from 
when lie cleans and adjusts the apparatus, and cleans the glazing , breakage. These improvements are effected by a special ar- 
of the lantern. An automatic lighthouse .similar to that at I rangement and distribution of the air currents through the rings 
Broadness has been lately installed at Sunderland by the River I of flame, and between them and the glas.s chimney. We are 

Wear Commissioners, on a pier which is inaccessible during ! thus enabled on this system to increase the dimensions of 

’Stormy weather. In 1881-82 several beacons automatically j lighthouse burners, for gas and oil, for ten or more rings of 
lighted by petroleum spirit, on the sy^tem of Herr Lind berg | flame. With ten rings, we obtain an aggregate intensity, when 
and Herr Lylh, of Stockholm, were established by the Swedish | burning can nel gas and good mineral oil, of considerably over 
lighthouse authorities, and are reported to be working efficiently, 20cxi candle units, while the improved efficiency of the luminary 
In 1885 a l>eacon or automatic lighthouse on this system was for optical ccndensatioti of the radiant light per unit of focal area, 

installed Viy the Trinity House on the Thames, near Gravesend, as compared with the luminary of the Frrsnel four-wick oil 

and has been found to work efficiently, 'fhe light is occulting burner, has been iu each, case increased 109 percent. With 
at periods of about two seconds ; the occult ations are produced by reference to the jierfect combustion of these highly condensed 
an opaque screen, rotated around the light by the ascending j flames, I may state that the efficiency for gas is ^actly double 
currents of heated air from the lamp acting on a horizontal fan. | that of the London standard argand burner, viz. when con- 
As there is no governor to the apparatus, the periods of the { sumhig gas of the London standard of sixteen candles, the light 
occultations are subject to slight errors compared with those of produced U at the rate of 6'4 instead of 3 2 candles per cubic 
the gas light controlled by clockwork. In 1844 an iron beacon j foot. In addition to a single ring gas burner of this ty]>e we 
lighted by a glow lamp and the current from a secondary battery j have two burners of the ten rings of flames, and models of their 
was erected on a tidal rock near Cadiz. Contact i.s made and flames, one for gas and the other for mineral oil. These bamers 
broken by a small clock, which runs for twenty-eight days, and I are all of the Trinity House new pattern, both gas and oil, and 
causes the light to fla.sh for five seconds at periods of half a j they are of the same general arrangement fer combustion, except 
minute. The clock is also arranged for eclipsing the light that the oil burner is provided with cotton wicks. Both prwiuce 
between sunrise and sunset. The apparatus is the invention of 1 flames of nearly the same form, dimensions, intensity, and colour, 
pen ttaas Lavaden, of Cadiz, to whom I am indebted for kindly The first application of coal gas to lighthouse illumination 
t^owito me the light in action when on a visit to Cadiz in 1885. was made at the Troon Idghthouse, Ayrshire, in 1827 ; and in 

There IS every profiibility that automatic beacons lighted cither by 1847 it was adopted at the Hartlepool Lighthouse, Durham, 

electricity, gas, or petroleum spirit, mill in consequence of their where for the first time it was employed in combination with 
economy in maintenance be extensively adopted in the future, dioptric apparatus of the first order of Fresnel. The slow pro- 

Coal and wood fires, the flames produced i^y the combustion gress maoc with coal gas in lighthouse*, except for harbour lights, 

of taUoWf nearly all the animal, vegetable, and mineral oils, ooal where the gas could be obtained in ineir vicinity, as at 
Md oil gas, and the lime-light, have been employed from time Hartlepool, was chiefly due to the great cost incun od in the 
*0 time jn Jlghtbou&e iUununation, and last but not least, the. manufacture of the small quantity rrouired, and at the usual 
electric light., None of these illuminants have received such isolated positions occupied by coast lighthouses, involving extra 
anivemal ap(jlication in all positions both ashore and afloat as cost both for labour, and for the extra transport of the coal. In 
ndstorat oH at the present motnent, and justly so, when we con- iSdS* attention of lighthouse authorities was directed to gas, 
alder its efRdeitcy and economy for the purpose. So recently as an illuminoDt for lighthouses, by Mr, John R. Wighana, of 

AS the lost beacon coal fire in this country was replaced by Dublin, whose system wm tried in that year, at the Howih 

fWOt^tric oB light, at Saint Bees Lighthouse, on the coast of Bailey Li^bthouse, Dublin Bay. The gas burner ^f Mr. 

vuia^mriand. We have here diagram* of two of these coal fire Wigham, one of which we have Ue:e, consists of seven con- 

one of them designed and erected by SmewoB in 1767 cemric rings, of single flat-flame burners, amouniing in the 
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aggr«cate to 108. The burner is used without a glass chimney^ 
and thus there is no appreciable condensation of the group of 
ftames, for their employment at the focus of optical apparatus^ 
and the relative aggregate intensity of the seven rings of flat 
flames per unit of focal area, as compared with the four con> 
centric flames of the old four-wick .oil burner of Fresneb » 
only 2i per cent, higher than the latter. The burner has hve 
powers, for varying states of the atmosphere. P'or the 
minimum intensity, aS jets are employed ; and with the whole 
108 jets there is a maximum aggregate intensity of the flames 
with cannel gas of about 2500 candle units. Several 
lighthouses on the coast of Ireland have been illuminated 
with gas, on the system of Mr, Wighatn, and two at 
Haisborough, on the coast of Norfolk. In 1S78, Mr. Wigham 
installed at the Galley Head Lighthouse, County Cork, his 
system of suMrposed gas flames, and group- Hashing light, 
which consisted of four of his large gas burners vertically super- 
posed. In conjunction with these were four tiers of first order 
annular lenses, eight in each tier. Ry successive lowering and 
raising of the sas Hames at the focus of each tier of lenses, 
he produced nia group-flashing distinction. This light 
shows, at period.s of one minute, instead of the usual single 
flash from each lens, or vertical group of lenses, a group of short 
flashes, varying in numl>er between six and seven. The un- 
avoidable uncertainty with this system in the number of flashes 
contained in each group is unfortunate for the mariner, who, 
with the continued increase in the number of coast lights, requires 
the utmost precision in the distinctive character adopted for 
each. 

In 1857, an experimental trial of the first magneto electric 
machine of Holmes, for the practical application of the electric 
lipht, was made by the Trinity House at Hlackwall, under the 
direction and to the great delight of their scientific adviser, 
Faraday ; and after a series of experiments the satisfactory 
report of Faraday encouraged the Trinity House to order a 
practical trial of a j>air of the Holmes machines. The trial was 
made at the South Foreland High Lighthouse by Faraday and 
Holmes on December 8, 1858, when electricity was found to be 
a formidable rival to oil and gas for lighthouse illumination, and 
this position it maintains to the present day. The trials of this 
arc light were made at the focus of the first order dioptric 
apparatus for oil light, which was very imperfect for the purpose, 
but they were sufficiently encouraging to lead the Trinity House, 
under the advice of Faraday, t > proceed further with the electric 
light for lighthouses. Faraday thu> wrote in his report to the 
Trinity House : — ** I beg to slate that, in my opinion, Prof. 
Holmes has practical! v established the fitness and sufficiency of 
the magneto- electric light for lighthouse purposc-s, so far as irs 
nature and management are concerned. The light prorluced is 
powerful beyond any other that I have yet seen so applied, and 
in principle may be accumulated to any degree ; its regulaiiiy in 
the lantern is great, its management easy, and its care, there 
may be confided to attentive keepers of the ordinary intellect 
and knowledge." ^ 

I'hese truly prophetic words of Faraday’s have been entirely 
realized. Electricity still stands foremost in the illumination of 
our coasts, and appears destined to be one of the greatest 
blessings ever onferred on humanity, and more especially on 
** those who go down to the sea in ship'*." On February i, 
1862, Holmes’s machines and apparatus for electric light were 
installed at Dung^ss Lighthouse; and in 1865, the French 
lighthouse authorities followed, by an installation of the Alliance 
Company's magneto-electric machines and apparatus for fixed 
lights at each of the two lighthouses at Cai>c La IHvc, We 
have here the fir t diopiric apparatus designed and manufactured 
by Messrs. Chance Brothers and Co., of Birmingham, for the 
electric fixed light at Dungeness. We have also one of the 
Holmes lamps employed there. The lamp used at the previous 
experiments was devised by M. Duboseq, of Paris. This lamp 
of Holmes’s is similar to those of Duhoscq and Serrin, excepting 
that the upper and lower carbons and holders are balancea and 
regulated through pulleys and small catgut cords, instead of by 
rack and pinions. The carbons are i inch square, and the 
mean intensity of the light in* the arc was 670 candle units 
nearly. We have here samples of the carbons employed 
from time to time in the development of the electric light in 
Ughihouses; we have also a Ber^t lamp fitted with the fluted 
form of carbons I have recently devised. They are of the 
diotensions now in use in the optical apparatus at the St. 
Catharine's Lighthouse, and are giving a mean intensity in the 


arc of 40, coo candle units (Fig, 5). Cylindrical oompreaaedi 
carbons were soon manufactured for the electric light, and were 
found to be more homogepeouB in quality, and the flickering of 
the light less, than with the original square carbons, which were 
simply sawn from the residual carbon of gas retorts ; but there 
was still the objectionable crater at the points, whether direct or 
alternating currents were employed, involving flickering from* 
the incessant shifting of position at the points. A considerable' 
loss of radiant light was also involved, particularly when con- 
densing it optically. The flickering was somewhat reduced by 
an improvement of Messrs. Siemens’, in providing the carbons- 
with a graphite core, but with the increasing powers of currents, 



and in the necessary dimensions of carbons, the results were far 
from satisfactory. With the fluted form of carbon shown on the 
diagram, the formation of the crater is prevented, and the arc 
is held centrally at the points of the Carbons ; there is thus, in 
addition to comparatively steady light, nearly uniform radiation 
in arimuth, and over a greater vertical angle for optical condensa- 
tion. It now appears to me, after some practical experience 
with this form of carbon, that it is impossible to determine a 
practical limit to the dimenrions of carbons that maybe effi- 
ciently employed, With carbons of the actual alee imown On 
the diagram, an intensity of about a million eandlounUt Should 
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b« produced in the arc^ and about 150 millions of candle units 
in ine condensed flakes from the optical apparatus of the dimen* 
stens now employed for oil and gaH flames in lighthouses. Such 
on intensity is about four hundred times that possible at the 
focus of sumi apparatus with a flame luminary. Such results as 
these were probably in the mind of Faraday when be reported 
that ** in principle this light may be accumulated to any degree." 
Flasbes of the great intensity here referred to could only be 
employed in atmosphere impaired for the transmission of light. 
Jn clear weather they would be found to l>e far loo dazzling to 
the eyes of the mariner, when an intensity of about 50,000 
candle units is found to be suflicienl fur his guidance, and in 
thick fog no possible intensity can be of practical value for 
navigation. There are, however, various gradations of impaired 
atmosphere between clear weather and thick fog, in which the 
highest available intensity is doubtless desirable at many import- 
ant landfall stations for obtaining the greatest possible range of 
visibility. On the other hand, at the majority of stations in 
narrow waters, the maximum intensity now obtained with flame 
light is found to be more generally efficient for navigation than 
higher intensities. 

In 1881, the question of the relative merits of the three light- 
house illutninants — electricity, gas, and mineral oil — was receiving 
the attention of the lighthouse authniities of this country, which 
resulted in the Trinity House accepting the responsibility of 
carrying out an investigation at the South Foreland, of universal 
importance to the manner. In the pbotometrical and electrical 
portions of this work, the IVinity House were aided by the 
labours of Vrof. Harold Dixon, F.R.S., and Prof. W. Grylls Adams, 
F. R.S., which contributed very largely to the success of the 
investigation. The experiments were carried on during a ]>eriod 
of over twelve months, and a vast amount of very valuable 
evidence was collected from numerous observers, trained and 
untrained, scientific and practical. The Report of the Com- 
mittee was presented to both Houses of Parliament, by command 
of Her Majesty, in 1885. The final conclusions of the Commit- 
tee are given in the following words ; “That, for the ordinary 
necessities of lighthouse illumination, mineral oil is the most 
suitable and economical illuminant, and that fur salient head- 
lands, important landfalls, and places where a very powerful 
light is required, electricity offers the greatest advantages." 

I have alreadjj referred to the necessity, with the present deve- 
lopment of maritime commerce, that every beacon light main- 
tain a clearly distinctive character. When the optically unaided 
flames of coal fires were the illuminants of our lighthouses, 
distinctive characters, owing to the small number of lights then 
employed, were of little importance, and the only distinclions 
then possible were the costly ones of single, double, or triple 
lighthouses at one station ; but, with the enormous increase that 
has since occurred in the floating commerce of the world, and 
with the necessary laws now in operation, requiring all’ vessels 
to carry lights, trustworthy individuality in coast beacon lights 
has become a positive necessity. Until very recently, the 
distinctive characters consisted of the following, viz. fixed 
white, fixed red, f evolving white, revolving red, and revolving 
white and red alternately. The revolving Tights showed a flash 
at periods of ten seconds, twenty seconds, thirty seconds, one 
minute, two minutes, three minutes, and four minute^. There 
were also intermittent or occulting lights, having an eclipse at 
periods of half a minute, one minute, or two minutes. It is 
now generally considered that fixed lights are no longer trust- 
worthy coast signals, owing to their liability to confusion with 
other lights, both ashore and afloat. It is also considered that, 
in these days of high speed vessels, the period of the character 
of a coast light shonia not, if possible, exceed half a minute. 
The revolving or flashing class of lights are probably the 
most valuable, on account of their superior intensity as 
conjpared with the fixed or occulting class, the light 
during (he intervals of eclipse being condensed into 
each succeeding flash, by the revolving i^seR or ‘ reflectors, 
and thns, with the same expenditure of the illuminant, an I 
intenshv obtained in the flashes of five to eight times 
that of the fixed or occulting cla8<i. Where local dangers 
are require to be guarded by coloured sectors of danger light 
with well defined Umits, this can only be accompli -bed with the 
filed or occulting class of lights. We will illustrate this with the 
model before us. We will also show the clear difference of 
ctoaoter, not generally realised, betw*een flashing apd occulting 
l%hts, A system of occulting lights for lighthouses was proposed 


by the late Charles Babbage, F.R.S., in 1851, but as it excluded 
tne flawing or moat poweitui of the existing lights, it did not 
receive much favour from lighthouse authorities. In 1872, 
distinctive characters for coast Tights was the subject of a paper 
by Sir William Thomson, F.R.S., at the Brightoti meeting of 
the British Association for the Advancement of Science, when 
he directed attention to the extreme importance of ready 
identification of lights at sea, and proposed the use of quick- 
flashing lights, their flashes being of longer or shorter duration ; 
the short and long flasbes representing the dot and dash of the 
Morse alphabet as used in telegraphy. It was found, however, 
that the number of symbols ii^our alphabetical code would not 
be sufficient, on n thickly lighted coast, to insure individuality, 
and render each distinction perfectly trustworthy. Further, that 
very rapid repetition of each symbol is not required by the 
mariner, and would involve loss of accumulative power in the 
flashes, besides incurring unnecessary wear and tear in rotating 
heavy optical apparatus. Yet much is to be done in the direc- 
tion of simple distinction. At the Montreal meeting of the 
British Association, in 1884, 1 submitted a paper on “Improve- 
ments in Coast Signals, " in which were suggested, two al phabetica) 
codes of flashing lights, and one of occulting, all having the 
same period of the symbol, viz. half a minute. In one oT the 
codes of flashing lights, long and short flashes were proposed, 
as previously by Sir William Thomson ; and in the other there 
were proposed white and red flashes. In the occulting series, 
long and short eclipses were proposed to be substituted for the 
long and short, or white and red, flashes, of the flashing codes. 
The system has the advantage of application to all existing 
lighthouse apparatus, and many lights have been altered to 
selected symbols of each of these senes. 

Little was ever accomplished in the way of warning or guidance 
to the mariner, during fog, until alKmt the middle of this century'. 
Previously, a few bells had been established at lighthouses in this 
country and abroad, and gongs of Chinese manufacture had been in 
general use on board our light -vessels, but both instruments are now 
acknowledged to be wanting in the eflkiency now demanded in 
fog, to meet the requirements of navigation. The first important 
imjirovemeni in fog signals for the service of mariners was made 
by the late Mr. Daboll in 1851, who submitted to the United 
Slates Lighthouse Board, in that year, a powerful trumpet, 
sounded by air compressed by horse-power. 'I'he apparatus 
was installed at Beaver Tail Point, Rhode Island, and the 
favourable results obtained with it stimulated Mr. Daboll, 
under the encouragement of the United States lighthouse 
authorities, to the further development of the apparatus ; and 
ultimately he employed Ericsson’s caloric engine as the motive 
)>ower, will) automatic gearing for regulating the blasts. In 
1854, some experiments on diflerent means of producing sounds- 
for coast signals were made by the engineers of the French 
Lighthouse Department, and in 1861-62 MM, Le Gros and 
Saint- Ange Allard, of the Corps dcs Ponis et Chausst^es, conducted 
a series of ex|>eriments upon the sound of hells, and the various 
methods of striking them. In 1862, Mr. I^aboll submitted his im- 
proved fog trumpet apparatus, of about three horse -power in the 
blasts, to the Trinity House, who, under the advice of Faraday, 
made exj^cri mental trials with it in London, and afterwards gave 
it a practical trial al the Dungeness Lighthouse, where exi‘>eri- 
ments were made with it, against bells, guns, and a reed fog- 
horn of Prof. Holmes, whose services have been already 
referred to in connection with the first practical application 
of the electric light. This fog-horn of Holmes was sounded 
by steam, direct from one of the boilers employed at 
the station for his electric light. The results of these experiments 
were in favour of Daboll’s trumpet ; and in 1869, one of these 
ioatrumenta was installed on board the AVwn;/ light-vessel. 
In the same year, Holmes having effected further improvements 
with his steam horn, his apparatus was fitted on board two 
light- vessels, and sent out to the c^ast of China, where they were 
found to give great satisfaction, as compared with gong signals. 
In 1863, a Committee of the British Association for the Advance- 
ment of Science memorialized the President of the Board of 
Trade, with the view of inducing him to institute a series of 
experiments ui>on fog signals. The memorial, after briefly setting 
forth a statement of the nature and importance of the subject, 
described what was • then known respecting it, and several 
suggestions were made relative to the nature of the exqeriments^ 
recommended. The proposal does not appear to have been 
favourably entertained by the authorities to whom it was referred, 
and the experiments were not carried out. In 1864, a series of 
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experiments was undertaken, by a commission appointed by the 
Lighthouse Board of the United States, to determine the relative 
powers of various fog signals which were submitted to the notice 
of the Board, In 1872, a Committee of the Trinity House, with 
the object of ascertaining the actual efRciency of various fog 
'Signals then in operation on the North American continent, 
visited the United States and Canada, where they found in 
service, Daboll's trumpets, steam whistles, and siren apparatus, 
aounded by steam and compressed air ; these latter apparatus 
were devised by Mr. F**Iix Brown, of Progress Works, New York ; 
and from the report of the Trinity House Committee, it does not 
appear that they were greatly impresEied with this' instrument, 
but probably they had not an opportunity of testing its real 
merits as compared with other signals. The late Prof. Henry, 
of thf United States Lighthouse Board, entertained a very 
high opinion of the siren ; and on his advice, and the urgent 
recommendation of Prof. Tyndall, one of these instruments was 
^ent to Knglanch and included in the fog signal experiments 
at the South Foreland in 1873-74. This investigation was 
carried out by the Trinity House, with the view of obtaining 
definite knowledge oft to the relative merits of various sound* 
producing instruments then in use, and also of ascertaining how 
the propagation of sound is afTecied by meteorological phenomena. 
Prof. Tyndall, as scientific adviser of the Trinity House, con- 
ducted the investigation, aided by a Committee of the Trinity 
House, and tlieir engineer. These experiments were extended 
-over a lengihened period, in all conditions of weather, and the 
well-known scientific and practical results obtained, together 
with the ascertained relative merits of ^ound-producing instru- 
ments for the service of the mariner, have proved to be of the 
highest scientific interest and practical importance. The in- 
vestigation at the South Foreland was followed up by the 
Trinity House with further ex])loRive fog signal experiments, 
in which they were assisted by the authorities at Woolwich 
Arsenal with guns of various forms, weight of charges, and 
descriptions of gunpowder. The powders tested were (c) fine 
grain, (2> larger grain, (3) rifle large grain, and {4) pebble. The 
result placed the sound* producing powers of the*-e powders 
exactly in the order above stated ; the fine grain, or most rapidly 
burning powder, gave indisputably the loudest sound, while the 
report of the slowly burning pebble powder was weake'^t of all. 
Here again the greater value of increasetl rapidity of combustion 
in producing sound was demonstrated. It was found that charges 
of gun-cotton yielded reports louder at all ranges than equal 
■charges of the best gunpowder ; and further ej^periments proverl 
that the explosion of half a pound of gun-cotton gave a sound 
equal in intensity to that produced by three pounds of the best 
gunpowder. These investigations led the Trinity House to 
^opt gun-cotton for fog signals at isolated stations on rocks 
and shoals, as already de9cril>erl, where, from want of spac.c, 
nothing better than a ball, or gong, it hod hitherto been possible 
to apply. Of all the sound signals now employed for the 
warning and guidance of mariners during fog, viz. ^Ils, gongs, 
;gun9, whistles, reed trumpets, sirens, and sounds produced by the 
explosion of gun-cotton, the blasts of the siren and explosions 
of gun-cotton have been found to be the most effixiient for coast 
fog signals j therefore these signals have received the greatest 
care and attention ifi their development. The siren doubtless 
ranks first for stations wherever it can be applied, chiefly on 
account of its economy in maintenance, and the facility it affords 
for giving prolonged blasts of any desired intensity or pitch, 
and thus providing any number of trustworthy distinctive 
characters that may be reriuired to insure individuality in the 
signal Sirens are now employed at many floating and shore 
stations of the Trinity House ; and one. recently installed at 
^iaint Catharine’s Xdghthouse, Isle of Wight, of the automatic 
Holmes type, of which we have here a model, absorbs during its 
blasts not less than 600 horse-p^wer. The audibility of the blasts 
of this instrument may be considered to be trustworthy at a range 
of two miles under all conditions of foggy atm'isphere, on the 
aea surface, over which it is intended to be sounded. It is very 
desirable that for many landfall stations a greater trustworthy 
range be j)roviderf for the mariner, but this can only be afforded 
by such increased power as ^would be required for a more 
powerful electric light installation, to serve the mariner in other 
gradations of thick attnosphore. A very important improvement 
Sind economy has lately been effected in the sirens of the Trinity 
House, by remlering them always instantaneously available for 
eoundiog at their maximum power. This is accomplished by the 
' storage of a sufficient quanthy of compressed air, at a pressure 
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considerably above that required Ibr sounding, to work the siren 
during the time required for raising steam and string the 
engine. The signal is thus always in readiness for in^ediate 
action day or night, with an expenditure of fuel only incurred 
during fog, V hich fortunately on the coast of this country docs 
not exceed an average of 440 hours per arinum* The experience 
yet gained with the most powerful fog signals now in use, although 
these apparatus far exceed in efliciency for the service of the 
mariner in fog any light that science can provide, is not yet 
so satisfactory as we could desire. The best signal is, as I have 
already stated, occasionally not heard, under certain atmospheric 
conditions, beyond two miles ; while under other conditions, 
not apparent to the mariner, the signal is distinctly audible 
at ten miles ; therefore there is much to be desirw in the 
development of the means of propagating sound waves, and in 
rendering them audible to the mariner. In conclusion I would 
ventutc to state that, with the best light and sound signals that 
can be provided, there nre conditions of the atmosphere in which 
the mai iner will earnestly look and listen in vain for the desired 
light or sound s gnal, and he must s'ill, under such circums lances, 
excrcHc caution in availing himself of their guidance, and never 
neglect the assistaoce always at hand of his old trusty friend 
the lead. 


PRELIMINARY REPORT OF THE NEWALL 
TELESCOPE SYNDICATE} 

A T the end of the Lent Term the Syndicate met for the first 
time and drew up a Report to the Council of the Senate, 
recommending that a Committee of experts should go to Gates- 
head to view Mr, Ne wall’s telescope and report on its condition 
and capabilities. A letter of acknowledgment was also sent to 
Mr. Newall thanking him for his generous offer. 

In consequence of their recommendjiiion, Mr. Christie, A'^tro- 
nomer Royal, Mr. Common, F.R.S., and Mr. Graham, First 
AssLiaiit at our Observatory, went to Gateshead and made a 
thorough examination of the telw^cope and of its accessories. 
They reported to the Syndicate as follows ; — 

Report on Mr, NamU's 7 ^^‘nck Refrnctor, 

We the undersigned, being the Committee appointed by the 
Newall Telescope Syndicate to inquire into and report on the 
condition and capabilities of the above in trument, heg to submit 
the following report as the remit of an examination made on 
March 28 and 29. For convenience of reference we have divided 
the report under three heatU ; — 

1. On the present condition of the telescope and dome. 

2. On the necessary work to be done in removing and re- 
erecting, to put the whole in an efficient stale, 

3. The capabilities of the instrument when re- erected. 

I, On the evening of March 28, the sky being overcast, the 
quality of the object-glass was tested by a'tificial stars, formed 
by the light of a lamp shirting thr mgh holes in a metal screen, 
placed at a distance of about 1500 yards. The result of those 
tests, which it is unnecesaary to specify more fully, was sufficient 
to enable the Committee to come to the conclusion that the 
ohject-glaRS is a remarkably fine one, entirely free from any 
defect. On the conclusion of those tc^ts about midnight, and as 
the Committee were about to leave, the sky cleared to a slight 
extent, and at intervals the telescope was turned upon some stars 
and upon Saturn. Owing to the state of the atmosphere, the 
definition was very variable, but the Committee saw enough to 
confirm them in the npinir^n they had already formed as to the 
excellent quality of the object-glass. During these examinations 
and tests the mounting showed itself to be extremely steady and 
quite free from vibration. On the morning <'f lae iqin the 
Committee again met at Kirndene to complete the examination 
of the instrument and dome by daylight. The telescope is 
doubt so well known that it is not necessary to state further than 
that it is a first-class instrument, mounted on the plan of the 
elder Cooker and that it is fully provided with all the necessary 
appliances to make it an extremely oonvenient and easily 
managed instrument. 

The condition is such that the necessary cleaning, paint^pgi 
lacquering, &c., more fully described in the nextsecUon, willnot 
be an*expensive matter. 

The dome and mihstructure were next inspected. From \h /6 
brick wall, which rises to a height of about 2 feet, the la 
of iron, the various parts, inrioding the dome, belpg bolted 
• Rf printed fiwn ths Ke/erUr, May iX- 
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toJifether in tudi' a as to render taking dawn and removal a 
oom|>airaiiveIy easy matter. In addition to the circular inclosure 
slipfiorting the dome, the height of which is about 20 feet, the 
dome itself being 46 foet diameter, there are two or three rooms 
and an entrance porch, available as a dark room and computing 
room. The mechanism for moving the dome and the dome itself 
are in order, but in the opinion of the Committee, it would 
be advisable to go to some expense in providing brackets for the 
wheels on which the dome runs with horizontal rollers as guides 
instead of the flanges on the wheels. The observing platform 
is a flrsbnUe one and will need no alteratiou. It is suitable 
for general observational work, or for work where the use of a 
large s[3cctroscope renders considerable space necessary in any 
direction. 

The shutters of the dome will require some slight repair. 

As regards the apparatui with this telescope there are the 
usual l>attery of eye-pieces suitable to the telescope ; a series of 
parallel bar, ring, and other fixed micrometers, a very hne 
parallel wire micrometer, all complete in mahogany boxes ; a 
flue barrel chronograph in glass case, and a g(x>d sidereal clock 
with compensated pendulum. These with sundry apparatus 
belonging to the telescope complete the outfit. 

We had no opiwrtuniiy of thoroughly testing the clockwork. 
We consider that it might be advisame to add an electric control 
and sloW' motion gear of the modern pattern in order to render 
the telescope more efficient in this respect, 

II. We have drawn up a specification showing more fully the 
work required to be done in order to put the telescope simply 
into an efficient state, but we would recommend that the 
upportunity be taken to add electric lighting to the circles and 
micrometer, to provide an electric control to the clock and an 
electric slow-motion gear. We would further recommend that 
12 cast-iron brackets be added to the dome as supports for the 
wheels, that one or both of the flanges be turned off these wheeb, 
and that horizontal rollers carried by the l^rackets be added as 
guides to keep the wheels on the rail. This, wre think, would 
render the turning of the dome much more easy. We would 
retain the iron circular wall under the dome in preference to a 
brick or stone wall, as offering more favourable conditions for the 
telescope. We have added in the appendix our estimate of the 
cost of this work. 

III. When erected and in working order, this telescope will 
be specially adapted to any work m observational astronomy for 
which a laiige aperture is required, and if it is decided to re^rict 
the use of the telescope to micrometrte measures of faint satellites, 
or to the scrutiny of planetary details, no outlay will be required 
for additional apparatus, beyond an efficient system of lighting 
the circles and micrometer with small electric lamps. Should it 
be determined, however, 10 undertake work in stellar physics, 
which we understand, from the letter published in Naturk, is 
the wiah of the donor, and which we would strongly recoii:mend 
as the most useful systematic work to take up, then the necessary 
spectroscopic outfit, at present wanting, would have to be pro- 
vided. We estimate the cost of this at about £ too. So equipped 
the telescope would at once be capable of commencing systematic 
work of first-class importance that would amply repay the cost 
of keeping such an instrument regularly employed, and in carry- 
ing on su5) systematic work no further outlay in buildings would 
be reouired, the computing and dark rooms attached to the 
dome neing sufficient for the work to be done at the telescope. 
But in our view it Would greatly increase the usefulness of ttiis 
instrument for spectroscopic research if it were placed within easy 
reach of a physical laboratory where apparatus would be avail- 
able for experimental investigations in connection with the 
telescopic observations. As regards the selection of a site wc con- j 
alder it a matter of great importance that the instrument should be < 
located where It would ik easy of access to members of the 
University engaged in making observations with it. It is 
essential for me efifbctlve use of an instrument in a variable 
climate that the observer should be as near his work at 
practicable. 

W. H, M, Christie. 

A. A1NS1.IK Common. 

A^iil 3, 1889; A. Geaham. 

The previous experience of these gentlemen has also enabled 
them to gtve an approximate estimate of the expense of the 
reittoyat and re erectioh of the telesc'jpe at Cambtld.te. It 
appears thuteoessary to quote the details of ihdr estimate, but the 
tpwlsttttt by them n '£po. 

At th^ tlmd wheb Mr. Newall had in contemplatbn his offer 


to the University, he was already very ill, and ihe Syndicato 
heard with deep regret of his death on the aist of April. They 
have reason to believe that he was gratified, before bis death, 
with the prospect that his valuable instrument would probably 
contribute to the advancement of astronomical science at 
Cambridge. 

Since his death, the executors, with the full approval of hia 
family, have renewed the offer to the University. The- 
Syndicate are of opinion that the University should avail itself 
or the opportunity of possessing this fine instrument, and they 
are at present occupied with schemes for its pioper maintenance 
and use. 

C. K. Skarle, Viet' Chancellor, 

E. J. Kouth. 

J. \V. L. Glaisher. 

J. C. Adams. 

G. n. Liveing. 

G. I!. Pakwin. 

May 18 , 1889 . J, J. Thomson'. 


SOME PROPERTIES OF THE NUMBER 7 . 

I. T^V attention w'as recently drawn by a pupil to the fol- 
lowing property, which will Ire best illustrated by 
i working out a particular example : 

I Let N = 34*544' 3 

"a = 34253 S i.t. ti, - 34*544 - * x 3 
«. = 3423 7 "a - 34*53 - 2 8 

w. = 340 9 «4 = 3423 - 2 X 7 

32 2 and so on : 

28 

if any one of the quantities Mj,, $cc., is divisible by 7, 

I then N is so divisible.^ 

For, let N = loPj 4- f>Q 
"3 =* loP,^ + 
wa - ioP,i 4 

iU “ 10P4 + (h 

— I “ lOP,,.. 1 4“ - i 

Un = ior^< + f/,i - 1 — 7Q, by hypothesis. 

Now, loPj - lO’^Pjj + I0($fi -f 2/p) 

JO ‘Pa = lo^pj, + 

lO*^Pj, = lO‘*p4 -h IO"(c/3 4- 2^/3) 

10" “»P„ = IO«P„ 4- 4 2y„_. 

N = loPi H- A “ 2I[A + lO/i 4 . . . 4- lO" -V" 

— 2iM 4- lo"'’ "(7Q) = 7Q*. 

Or we may proceed thus ; — 

Pi - 2A ; ^ ^ 2/,,) i- A 4 2JA;. 

hence, if N is divisible by 7, so also is and so on. 

If for 2 w’e substitute U 3, 4, 5, ... k, then if N is divis- 
ible by 11, 31, 41, 51(3, 17), . • . ion 4 I, so also are (the 
corresponding) j/j, . . , 

In like manner, if we strike off 2, 3, . . . « figures, then if N 
is divisible by (loi, 20i, . . . + i), (looi, 20or, . . . 

4 0, . . . and so on, so are r/j, 

2. This property was suggested by the question, “ Prove 
that a number consisting of six like fi,jurcs (iiiin) is 
divisible by yP 

Let X be the digit, and let it be repeated n times, then if N 
be of the form (7/ - «;ir)io" 4 4 . . 4io4i)jr, 

f.e. such a number os J733, in which we have 57 4 2 x 3 

= multiple of 7, it will be divisible by 7, if • « . io« 4- 

(ity* - t )/9 is, f.r. if (9« - i)!©" 4 I is, uc, if [zn - i)io« 

4 I is, f.e. if {k a) (2« - I) 3" 4 I is. 

Omitting the case of six like digits, we write down the fol- 
lowing table for an inferior number, the use of which is explained 
subsequently. 


(0 

w 

(3> 

( 4 ) 


( 5 ) 

7/+a,..3 i' 

7>+5-5|” ; 

7/4fi...|rii'l 

7/14 4-.. 

‘UIJ 


7^44..,4 2 

7/4-3...3l2a 


7/4-1... 

22,13 

7^4a...|aaaaa 1 

7/4<S...6 3 1 


. 7 / 4 - 4 ... J 133 ! 

. 7^4. V- 

3331 

, 7/+.4»|33333 ' . 

7/+i..wj4j 

’ 44 , 

' 7 / 4 - 3 ... 444 i 

» 7/+»... 

4444 

' 7 / 4 - 4 -I 44444 ( 

7/‘+3-*J5 

7>4‘4...4i55 j 

7/+S- 55,5 : 

7/46... 


7/4-5-155555 ' 

7y*+5-.5«' 

7/4a*..ai6i. 

7/4 t... 666, 

7/4-j... 

666S 

7/4 6... 6066 j 


1 In fact, 21 may be substituted for 7 
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Th»t is, third line of (3) say, 67333, 7Si333» 

*67 = 7 X 9 + 4, 781 = 7 X III + 4), are multiples of 7 - 
We may preface any one of the above series of numbers with, 
-or affix to them, sextets of digits, like or unlike to those of the 
rfuimber we select. I conhne my attention to sextets of like 
figures affixed, as in this way 1 am able to find what values of n 
make i a multiple of 7. 

The series in (l) is, of course, « ™ i, 7, 13, 19, and so on : 
and so for the other sets. The values of « to be taken are : — 

for (I), n = 19, 6r, 103. 145. * • • 

(i.^. if we write down 19 3’s, we must preface these with a 
number of the form 7/ 4 - 6.) 

(2), « = 2, 44» 86, 128, . . . 

I3). « = 57. 99 » HU . • • 

(4) , « = 10, 52, 94. 136, . . . 

(5) , u ^ 41, 83, 125, 167, . . . 

University College .School, R. Tucker, 


THE BHILS AND THEIR COUNTRY, 

TN the current mirnb-r of the Anatic Quirtcyly Kevitiv^ Si*" 
^ Lepel Griffin has a long and mo^l interesting article on th^ 
Bhih', an aboriginal tribe of Central India living in the jungle 
and rough country around the Vindhya Mountains, Sir Lepel 
says that for eight years he jnestded over the province which 
includes the Bhil country, and he had ample opportunity in that 
time of studying the habits and language of this interesting 
people. The people themselves claim that they represent the 
aboriginal races of India who were forced to retire before the 
Aryan conquerors. Through their country flows the sacred 
Nerbudda River with all its Hindu shrines. The BhiU, however, 
seem to care very little for the Hindu deities ; they have been 
forced by the Hindus, who treat them with profound scorn and 
•contempt, to give a sort of half-hearted acceptance of the chief 
Hindu deities, but in fact they never worship the gods of their 
superiors. In one respect, however, they agree with the Hindus, 
and that U in regarding the Nerbudda with feelings of terror and 
veneration. From the earliest days of the Aryan conquest of 
India, the Bhils have been looked on as wild animals, deserving 
of no protection or kindness. In a few States, such as Harwani 
.and Rajpur, they were so numerous, that their conquerors found 
it more profitable to tolerate them, keeping them, however, at 
the same time, in the most nhjeci poverty and subjection. Since 
•the advent of the British Government, the condition of these 
simple and harmless people has much improved, so that the poor 
Bhils are gradually becoming less and less savage. Their know- 
ledge of w'oodCraft and of the habits of birds and beasts makes 
them invaluable to English officers. Unlike the orthodox Hindu, 
the Biiil has always eaten the flesh of the cow and the buffalo 
and other abhorred animals. In fact, he eats every wild animal 
except the monkey, which U universally worshipped in the form 
<»f the forest god Hanuman. The tiger is held in great respect, 
and the people are very unwilling to kill it, unless it is a man- 
eater. If a beast has thus become obnoxious, .a trial h held with 
Tcligidus rites, and if the animal is found guilty, sentence is 
passed upon him, he is pursued, killed, and hung up on a tree 
over the main road as a warning to all evil-doers of his species. 
It is very curious, and shows the antiquity of this race, that at 
the coronation of the highest Rajput chiefs, in S ates where the 
Bhils live, the sacred mark of kingship is impressed on the fore- 
head of the new chief by the head of the Bhil family to which 
this hereditary privilege belongs, and the Bhils do not regard him 
.as their king till this ceremony is performed. The Bhils are 
noted for their endurance, for their capacity of living where 
others would starve, their indifference to the greatest changes of 
temperature. Not even to save his life willa Bhil tell a false- 
hood. Their most solemn oath is by the dog, their most valuable 
companion in the chase. They are gay and of a light-hearted 
disposition, and take every opportunity of having a feast and a 
drinking-bout Their drink is made from the Mowra, a tree 
which abounds in Central India, the white flowers of which, 
when pounded and uiixed with grain, form a palatable food, and 
when dtsiilled by a simple process produce a highly intoxicating 
spirit. Their priests are not of any particular caste, but the 
■office is an hereditary one. The deities most generally worshipped 


are the ordinary Vedic deities of water, fire, and the heavens, 
and each villige has its presiding deity, wlio is a different person- 
age in each village. Like Hindus they bum their dead, except 
unmarried children of both sexes, who are buried, as also those 
who die from small-pox. In case of cholera they also bury the 
dead, believing that the smoke from the pyre disseminates the 
disease. The dead are worshipped and propitiated by offering's ; 
tree w orship is unusual ; witcncraft and omens are impUctily 
believed in ; charms of various kinds are universally used. 


SCIENTIFIC SERIALS, 

The Quarttrly Journal of Microscopical Science for April 
1889 contain'i the following Contributions to the knowledge 
of Amphioxus lanceolatus^ Varrell, by Prof. E. Ray Lankester, 
F. R.S. (plates xxxiv.-xxxvi.^). Referring to his notes on 
the anatomy of Amphioxus published in 1875, the author 
withdraws his confirmation of Johann Mhllcr's statement that 
there is a pair of apertures on either side of the oral sphincter 
(velum of Huxley). In reality there are no such apertures at 
all. Those important structures, described as the "brown 
funnels,” are fully defcribed and excellently illustrated ; some 
few numerical data of importance for the anatomical discussion 
of Amphioxus are given ; some errors which appear to be current 
as to the existence or non-existence of spaces of one kind or 
another in the body and gill bars are corrected ; and some draw- 
ings are given, which represent in a semi-diagmmmatic form the 
structure of Amphioxus, not merely as seen in sections or dis- 
sections, with all their obvious drawbacks, but as reconstructed 
and corrected from the examination of numerous specimens, so 
ihat they present as nearly as might be a true conception of the 
living organism. This excellent paper will be welcomed by all 
students, — Studies in the embryology of the Echinoderms, by 
H, Bury (plates xxxvii.-xxxix.), In this memoir the author 
confines his attention ; — to the primary divisions of the cadom, 
starting from a stage in which at least two cnteroctole (>ouches 
are already present ; — the hydrocoele ; its development and 
connections ;'-and to the skeleton, so far as it is developed in the 
dipleurula stage. --On the ancestral development of the respira- 
tory organs in the Decapodous Crustacea, by Florence Buchanan 
(plate xl.). 

The Journal for May 1889 is a special issue, and contains a 
memoir on the maturation of the ovum in the Cape and New 
Zealand species of Peripatus, by Lilian Sheldon, Bathurst 
Student, Newnham (plates i. iii.). The ovarian structures 
are fully described in Peripatus coipensis^ P, baljouri^ and P, 
nmue zcalandire. A summary of events in the maturation and 
fertilization of the ovum in these three species is also given ; 
these are followed by some details of the origin of the ova from 
the germinal epithelium ; the dUapvtearance of the germinal 
vesicle ; the formation of the polar bodies, and the formation of 
the yolk. Among the many interesting facts mentioned are 
those in reference to the polar bodies : in P, novct-tcalanditc 
they appear to be completely absent, but two very prominent 
bodies are present in the Cape species ; t^iey are also in these 
species exactly similar to one another— a series of facts at vari- 
ance with Weismann*s theories. —With this number is given a 
series of very valuable indexes : on index to the Journal from 
1853 to 1888 ; and one to the Transactions of the Microscopical 
Society from 1853 to 1868 ; also to the Proceedings of the 
Dublin Microscopical Club from 1865 to 18S0. These indexes 
are paged separately, so that they may b3 bound up as an 
independent volume. 

Enpei’'s yahrbiichtr^ vol* x., includes the following articles : — 
The first part of the description of the plants collected by Dr. 
Marloth m South Africa in 1885-86 (with six plates), ‘the 
descriptions aie prepared by Dr. Engler, with the help of other 
botanists, and include the Monocotyl^ons, and Archlchlatnydeous 
(Cfaoripetalotts and Apetalous) Dicotyledons. —On the anatomical 
characters of the Monimiacea^ by M. Hobein. This natural 
order is one as to the position of which various opinions have 
held; the author's omervations strengthen the fiance to 
Laurinese, inasmuch as in both orders seerrtory cells are con- 
stantly present— A monographic review of the species of the 
genus Primula, Dr. F, Pax, An attempt to trace the 
phylogenetic relationships of the species of this large genus, ^ 
Itie second part of the descri^ tion of Dr. Marloth's plants fro p 
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South Africu (with four plates), including the Gamopetalous 
Dicotyledons, ^ Dr. Engler, dec. — The Piperaceae collected by 
Dehtnann in Guatemala, Costarica, Columbia, and Ecuador, 
described by Casimir de Candolle. — A new plant belonmng to the 
Olacineae {TcirasiylidiwH Engltri^ Schwacke), by W. Schwackc. 
-^An anatomical study of Scirpus and allied genera (with one 
plate), and a key for distinguishing them on anatomical grounds, 
oy Dr. Ed. Palla.^—On some mistaken, or little-known Ruhiacero 
of South America, by ICarl Schumann. — Oa the flora of Green- 
land, by Eug. Warming. Including interesting descriptt ms of the 
general appearance of the v^etation, as well as the habit of certain 
^cies, with a discussion of the origin and relations of the flora. 
The author concludes that Greenland is not a European province, 
from the point of view of botanical geography, but has nearer 
relations to America. — Contributions to the comparative 
anatomy of the AHsioIockiacea' (with three plates), by Dr. H. 
Solereder. A com)irchensive investigation of the structure of 
both vegetative and reproductive organs. — The volume also 
includes the usual personal notices, and abstracts of current 
literature, together with a list of works recently published on 
geographical and descriptive botany. 

Jaurnai of the Russian Ctumicat ami Rhyskal Society^ vol. 
xxi. No I. — On hexabromtetramethylene, by A. Sabaneyeff. 
— On the heat of solution of lithium bromide. It is equal 
to 11 '35 1, and thu.s occupies an intermediate position between 
those of LiCl (S'^o) and Lil (J4*8S6). — On the action of 
ethyl iodide and zinc upon paraldehyde, by W, Wedensky. — 
On the oxidation of erucic and ricinoteic acids by means of 
permanganate of potassium, by L. Urvantzoflf and W. DicflT.-- 
Oh the formation of cane-sugar from starch in plants, by F. 
Selivanoff. It was observed in tubercles of potatoes.' — Notes by 
MM. Moltchanoffsky, AkxeyefT, and Kondakoflf. — Theoretical 
researches into the motion of water in the subsoil, by N. 
Joukovsky. The author concludes from hU mathematical inquiry 
and some experiments that the law of Darcy remains satisfactory 
if the secondary causes are aFo taken into con-ideration and the 
results are not extended to great distances from the well. As to 
the corrections of Darcy’s law proposed by Kvbbcr and Smreker, 
they do not yet correspond to all facts noticed during pumpings. 
— Note by W, Rosenberg on cyclonic movements. 

No. 2. — Yearly reports of the Society. — Notes on primary, 
secondary, and tertUiy niiro* compounds, by J, Bevad.*— On the 
g[cneral law of contraction which lakes place during the forma- 
tion of solutions of salts, by A. Gueriich ; second paper, containing 
data relative to HsS04 and HCN. — On the action of chlorides 
and hydrochloric acid upon the photochemical decomposition 
of chlorine-water, by E. Klimenko and G. Beca loros. They 
slacken the decomposition. —On the vapour density of ethyl 
isocyanurate at various temperatures, by S. Krapivine and N. 
Zelinsky.— On the dilatation of solutions of salts, by N. 
Tchemay ; third paper, containing tables relative to nine different 
nitrates. -^Note on electrical phenomena due to actinic influences, 
byj. Borgmann. 

In Skvt Amtnean Meteorohgieai Journal for March, Mr. A. 
L. Rotch continues his interesting articles on the meteorological 
services in Europe, dealing in this number with the Paris and 
Montsouris Observatories. The interest of the Paris Observa- 
toiy^ from a meteorological point of view, is now chiefly in its 
lof]^ serieA of observations, which date from the year 1666 ; 
since the establishment of the Central Meteorological Office, 
meteorology has not been actively pursued at the Observatory. 
The Montsouris Observatory was founded in 1871, and deals 
chiefly with the collection of hygienic stalUtics, and the applica- 
tion of meteorology to agriculture. It publishes an Annuaire, and 
also a monUilv summary in the Comptes rtndus of the French 
Academy. Prof. H. A, Hasen contributes an article on ane- 
mometer comparisonE, and discusses the results of recent ex- 
periments in America and in this country, with the view of 
determining the ratio between the motion of the wind and that 
of the centre of the cups. The results of the American experi- 
ments have been discussed by Prof. Marvin, and will shortly be 
published tw ixttmo. The chief difficulty lies in the determina- 
tion of a constant factor for all velocities, and of constants 
for difierent lUes of cups and arms. Prof. Hazen thinks it 
possible to construct an anemometer with arms and cups 
^ proportioAed as to give a consunt factor at all velocities. 

Finley discusses the frequency of tomgdoes in the 
State of Gebtgia during the last ninety-four years. 


SOCIETIES AND ACADEMIES, 

London. 

Royal Society, May 9.— “On the Magnetic Rotation of 
the Plane of Polarization of Light in doubly refracting Bodies.*’ 
By A, W, Ward. Communicated by Prof. J. J. Thomson, 
F.K.S. 

In repeating Villaii’s experiment on the rotation of the plane 
of polarization of light in a spinning disk of heavy glass, placed 
with its axis of rotation perpendicular to the lines of force in a 
magnetic field, it was observed that the incident plane- polarized 
light became elliptically polarized. The elliptic polarization was 
due to the centrinigal force, which had the effect of stretching the 
glass along the radii of the disk and compressing it parallel to 
the axis of rotation. The strained glass in the magnetic field 
has, therefore, the double property of elliptically polarizing plane- 
polarized light, and at the same time rotatiug the plane of 
polarization. The strained glass therefore acted like a crystal 
placed in a magnetic field, and so, bef )re Vill art’s experiment 
could be properly interpreted, it is necessary to examine how 
the cliipiic polarization and magnetic rotation affect each other. 
The following investigation is an attempt to solve this question, 
and its conclusions show that the apparent magnetic rotation in 
a doubly refractive medium is a periodic function of the length 
of the path of light in the medium. This hitherto unsusjTected 
result entirely accounts for the effects observed by Villan, and 
those observed by Ludtge in a piece of c(»m pressed glass. 

Villari’s results are very similar to Ludtge’s. Villari, by 
spinning a disk of glass very rapidly, strained it, and on observ- 
ing the magnetic rotation found it get less and less as the strain 
got greater and greater. There is, however, one noticeable 
difference between Villari’s strained disk and Iriidtgc's strained 
prism. The disk was free from strain in the middle, the prism 
free from strain at the ends. 

I have repeated Villari’.s experiment at the Cavendish 
Laboratory, using, at Mr. Glazebrook's suggestion, an elliotic 
analyzer to determine the magnetic rotation. With the disk 
spinning about 200 limes a second, the magnetic rotation was 
reduced from lo' to This is not so great a diminution as 
Villari observed, but his glass may have been softer and more 
easily strained. 

Villari thought that the effect he observed was due to the time 
required to magnetize the glass. That this supposition was erro- 
neous has been clearly established by the experiments of Bichat 
and Blondlol, and recently repeated by Dr. Lodge. In these 
experiments the oscillaiing discharge of a Leyden jar was found 
to rotate the plane of polarization in time with the oscillations. 
Before hearing of these results I had myself attacked the 
problem in a somewhat similar manner. A coil of wire was- 
wound round a piece of heavy glass, and a cunent alternated 
250 times a second by a tuning-fork was sent through the coil. 
The current was measured by a dynamometer and a tangent 
galvanometer. 'I’he first gave the measure of the current in- 
dependently of its sign, the second showed that the integral 
current was zero. When the current was passing it was found 
impossible to extinguish the light, owing to the rapid alternations 
of the plane of polarization. 

|4ay yg, — ‘‘Physiological Action of the Active Principle 
of the Seeds of Abrus precatorins (Jcquirity).” By Sidney 
Martin, M.D. London, British Medical Association Kescarch 
Scholar, Assistant Physician to the Victoria Park Chest Hospital ; 
and R. Norris Wolfenden, M.D. Cantab. (From the Physio- 
logical Laboratory, University College, Londo i.) Communicated 
by E. A. Schafer, F.R.S. 

“The Toxic Action of the Albumose from the Seeds of 
Ah’its precaforitisl* By Sidney Martin, M.D. London, British 
Medical Aflsociation Research Scholar, Assistant Physician to 
the Victoria Park Chest Hospital. (From the Physiological 
X^boratow, University College.) Communicated by E. A. 
Schafer, F.R.S. 

From numerous experiments, the following conclusions were 
arrived at : — 

(1) The poisonous activity of the seeds of Abrus pretatorius^ 

the jcquirity, resides in the two proteids present in the seeds— a 
paraglobttlin and an albumose. • 

(2) Both of these prptcida have practically the same action. 
They produce severe oonjunclivitis when applied to the eye ; 
and wnen subcutaneously injected, they cause local inflammo- 
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tion, (TeJeina, and ecchymosi^, and gastrointestinal irritation, 
with extrusion of ^noes and blood ; the general symptoms being, 
first, a great fall of body temperature, and a condition of stupor, 
ending in death. 

(3) The activity of both these proteids i$ destroyed by moist 
heat. In solution, the activity of the globulin is destroyed at 
between 75 ' and So* C., and that of the albumose between 80* 
and 85* C. 

(4) That abr us- poison resembles snake- venom in chemical 
composition, in the local lesions produced, in producing a fall 
•of l^dy temperature, in causing somi-nuidily or fluidity of the 
blood after death,- and, to some extent, in the effect of moist 
heat on it. Abnis-poisou is, however, much less active than 
■snake -venom. 

The following table shows a comparison between the activity 
■of the venom of various snakes and of Abrus : — 


Vipera berus (common 

adder) Fatal dose in man, 0*0021 gramme per 

kilogramme of body weight (Fontana). 

Hypl^yctphalus curtus 

(Australinn tiger- 

snake) Fatal dose in dog, 0*00485 gramme per 

kilogramme of body weight ; ^ grain 
in medium sisc dc^ (15 pounds). 

"Cobra Fatal dose in dog, o 000079 gramme 

per kilogramme of body weight ; in- 
grain in dog weighing 18 pounds 
(Vincent Richards). 


Abrus- poison — 

Globulin Fatal dose, o‘oi gramme per kilogramme 

of body weight. 

Albumose Fatal dose, 0‘(^ gramme per kilogramme 

of body weight. 

Peptic albumoses ... Fatal dose in dog, any dose over 0*3 
gramme per kilogramme of body 
weight (Polliiscr). 


Appendix to paper on I'lcscending Degenerations following 
Lesions in theGyrus marginalU and Gyrus fornicatns in Monkeys." 
By E. P. France. Communicated by E. A. Schafer, F.R.S. 

Lionnati Society, May 2^. — Anniversary Meeting.-— Mr. 
Carruthers, F. R.S., President, m the Chair. — A portrait of John 
Jacob Dillonius (1687-1747), the first Professor of Botany at 
Oxford, copied from the original picture at Oxford, was pre- 
sented to the Society by the President, who gave a brief outline 
-of his career, and of his personal acquaintance with lannseus. — 
The Treasurer having made his annual statement of accounts, 
and the Librarian’s and other reports having been read, a ballot 
took place for the election of officers and Council for the ensuing 
year. The President, Treasurer, and Secretaries were re-elected, 
and the changes recommended in the Council were adopted. — The 
President then "delivered his annual address, to which we refer 
•elsewhere, — A unanimous vote of thanks to the President for his 
address, coupled with a request that it might be printed, having 
been passed, the ceremony of awarding the Society's gold mediu 
took place. This medal, having on the obverse a fine bust of 
Linnmus and on the reverse the arcus of the Society, below which 
Is engraved the name of the recipient, was founclcd last year in 
commemoration of the Society’s centenary anniversary, and is 
bestowed upon a botanist and zoologist alternately, for distin- 
guished services to biological science. This year it was awarded 
to the eminent botanist Prof. Alphopse de Candolle, and in his 
unavoidable absence was handed to his grandson M. Austin de 
Candolle, who attended on his behalf to receive it. Addressing 
his representative, the President said x — Monsieur de Candolle, 
it is a great satisfaction to me to place in your hands, for trans- 
mission to your distinguished grandfather, the Linnean gold 
medal, in recognition of his many important services to botanical 
science. These services have been so great, and arc so universally 
acknowledged, that it is unnecessary for me to do mare than to 
refer to them. Uis many systematic monographs justify his 
being awarded any honour that botanists can confer. His 
philosophical treatment of the geographical distribution of plants 
has greatly advanced this department of science, and hU suc- 
cessful codification of the laws of botanical nomenclature -has 
been of the greatest practical service to systematists. But 
botanists will always look with gratitude to Alphonse de 
Candolle Tor the successful carrying on of the gigantic enterprise 
inaugurated by his father when he undertook the pubUeation of 
‘ Prodromus Systematis NatnralU Regni Vegetabltis.' By 
his own work, by securing the aid of accomplUhearf>//eAara/sscrr, 


and perhaps not least by the plodding toil of reading the proof- 
sheets of volume after volume of dry systematic descriptions 
during the thirty^two years in which he took charge of the 
* Prodromus,’ he has Laid science under a debt which cannot be 
estimated. The work as now completed contains descriptions 
of all the Dicotyledonous Phanerogams, and of Gymnosperms, 
which were known when the different volumes were published, 
amounting lo nearly 60,000 species. By his numerous labours 
Alphonse de Candolle has added lustre to a name that had alrea>ly 
obtained n first place amongst botanisis. His son Casimir, by 
his scientific researches, maintains the credit of that name ; and 
now, in handing this medal to you. Monsieur Austin de 
Candolle, the representative of the fourth generation, may I 
venture to hope that this imperfect estimate of the services 
rendered lo science by Alphonse dc Candolle may help you to 
realize the honour of the name you inherit, and encourage you by 
similar true and honest labour to transmit it with added renown 
to posterity.”— The presentation having been suitably acknow- 
ledged by Dr. Marcet, F.R.S., a countryman and relative of the 
recipient, the proceedings terminated with a vote of thanks to 
the President and officers. 

Anthropological Institute, May 14. — Prof, Flower, C.B., 
F.R.S., Vice-President, in the chair.— -Mr. Arthur Thomson 
read a paper on the osteology of the Veddabs of Ceylon, and ex- 
hibited a complete skeleton and several skulls of these people, 
Although the skeleton was said to be that of a man of twenty-six 
years of age, many parts were not completely ossified. The 
hfth lumbar vertebra was less wedge-shaped than amongst the 
higher races of man, and hence there was a distinct tendency 
to a backward curve in this region. Attention was drawn to the 
fact that the left clavicle was longer than the right by no less than 
10 mm., and this may probably ^ explained by the employment 
of the left arm In the use of the bow; the left arm was also slightly 
larger than the right. The scapulae were small and slender, ami 
the high index, 71 'i, indicates a maiked difference in shape 
from that of Europeans. The femora and tibiae were remarkabio 
for their 'great length, and in each case the left was the longer. 
On the anterior borders of the lower extremities of both tibiae 
were semilunar facets articulating, in extreme dorsifiexion of the 
foot, with corresponding surfaces on the necks of the astragali. The 
extreme length of the articulated skeleton was X578 mm., which 
was somewhat ai:H>ve that of the averse Veddah, as calculated 
by Virchow, It appeared from examination of all the available 
crania that the average capacity of the Veddah male skull is 
1331 cc.p and that of the female skull 1229 cc. The cephalic 
index is 70*9. From the data given in the paper the author in- 
ferred that, if the Veddahs bo not of the same stock os the so- 
called aborigines of Southern India, they at least present very 
strong points of resemblance both as regards stature, proportions 
of limbs, cranial capacity, and form of skull ; and. that, if physical 
features alone be taken into account, their affinities with the lull 
tribes of the Neilghcrries, and the natives of the Coromandel 
Coast and the country pear Cape Comorin, are fairly well 
established.— Some notes by Mrs. R. Hraiihwaite Batty, on the 
Yoruba country, and a paper by Mr. H. Ling Roth, on saluta- 
tions, were also read. 

Paais. 

Academy of Sciences, May 3 o. — M. Des Clokeanx, Presi^ 
dent, in the chair.— On the telluric origin of the oxygen rays in 
the solar spectrum, by M. J. Janssen.— On the com^dete corre- 
spondence between the continuous frarcions which express the 
two roots of a quadratic equation whose coefficients are rational 
numbers, by Prof. Sylvester. —On the impossibility of diamag- 
netic bodies, by M. P. Duhem. The author’s researches lead to 
the general inference that the existence of diamagnetic bodies is 
incompatible with the principles of thermodynamics. The so- 
called diamagnetic bodies are simply magnetic bodies plunged 
in a more powerful magnetic m^ium, in aooordanoe with 
B^uerel’s hypothesis, which assumes that for these bodies there' 
exists one distribution of eoullibrium and one only, that this 
distribution is' stable, and tnat a diamagnetic body is always 
repelled by permanent magnets. -^On the artificial repeoduciion 
of the mirage, and on the interference fringes that may accompany 
this phenomenon, by MM. J. Mac^ de L^pinay and A. vwt. 
A process is described, by means of which conditions are realiwed 
which are analogous bat inverse to those that give rise 40 the 
natural On the expansion of (quartz, by M. H. Le 

Ghateher. The experimente here described sbnw that quarts 
undoubtedly undtrgMs oonoiderable expansion between 48a* and 
570* C. Above the mitical temperotnve of 570% it ceases to 
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cKpanci, And oft the contrary undergoes a sUght contraction. 
The phenomenon U analogous to that observed in the di- 
morphic transformations of Tiiharge, of potassium sulphate, and 
especially of dicaldc silicate. -^On the variations of the acid 
fimctioft in stannic oxide, by M. Vignon. The author here 
resumes his study of the poly nerization of stannic acid, dealing 
more tepecially with stannic acid prepared by means of stannic 
chloride ; with metastannic acid obtained by the reaction of 
nitric acid on tin ; and with calcined stannic oxide. He 6t)ds 
that there must exist a complete series of stannic acids, whose 
first term would appear to be the soluble acid, and the last the 
calcined metastannic acid. — On oxalomolybdic acid and the 
oxfllomolybdates, by M. K, Pochard. -^(>n pho^tphorous acid, 
by M. L. Amat. In a previous note {Comptes rtndus^ cvi. 
p. 1400) the author showed that, under the action of heat, the 
acid phosphite of soda may lose water, and be Iransfonned to a 
jiyrophosphite of soda. His present researches make it 
probable that the other acid phfwphites behave like the salt 
of soda, only the dehydratation in their case is much more 
difficult. — Action of the alkaline met a-, pyro-, and ortho- 
arseniates on the alkaline earthy oxides, by M. Lef^vre. 
These researches, which arc confined to baryta, strontia, and 
lin)e, show that lime has a greater tendency to form chloro- 
arseniates than baryta, while baryta yields simple compounds 
more readily than lime. Strontia is intermediate between 
these two Doses.— On the malonates of ammonia, by M. 
Massol. Here the author describes the method of preparation, 
composition, and properties of the acid and neutral malonatcs. 
—On the proportion of nitrates contained in the rains of 
tropical regions, by MM. A. Muntz and V. Marcano. Obser- 
vations taken at Caracas (Venezuela) and at Saint-Denis (Re- 
union), compared with those recorded by Messrs. Lawes and 
Gilbert at Rothamsted and by M. Boussingault at Liehfiauen- 
berg (Alsace), show that the quantity of nitrates contained in 
tropical rains is from five to thiiteen times greater than in those 
of temperate zones. To this abundance of nitrogen under a 
form easily assimilatetl must doubtless be partly attributed the 
exuberance of tropical vegetation.— On the richness of wheat in 
gluten, by MM. ll. Gatellicr and L. L’Hotc. Continuing their 
researches on this subject, the authors arrive at the general con- 
clusion that by careful selection and treatment wheat may be 
made to yield a high proportion of gluten without any reduction 
in the abundance of the harvest.— Papers were contributed 
by M. Maninand, on the alcoholic fermentation of milk ; liy 
l 5 om Pedro Augusto de Saxe-Cobourc-Goth.!, on n specimen 
of crystallized iron glance from Bahia (Brazil), and on the albiie 
of Morro Velho ; and by M. P. Tennier, on leveriierite (a new 
phyllitc), and on the Bacillarites of the coal-mcasures. 

Astronomical Society, April 3.— The following were 
elected officer* for the ensuing year : — President, M. Faye ; 
Vice-Presideuls, M. C. Flammarion, Colonel Lauffiedat, General 
Parmenlier, and M. Trouvelot ; Secretary, M. G«^rigny Vice- 
Secretaries, MM. C. Uetaille and E. Bertaux ; Treasurer, M. 
A. Hentsch ; Librarian, M. Mabirc. Council : MM. Bischofis- 
heim, Bosaert, Charton^ Gunziger, Heman, Him, Mousaettc, 
Secretan, Oppeit, Tripled, Armelm (Admiral), Cloue, Bardou, 
Moureaux, and Sohmoll.— M. C. Flammarion summed up the 
progress of aatronomy during the past year. — M. Faye then 
t(^kthe chair, and remarked that in founding this Society M. 
FUmtnarion and his collaborators had created something durable, 
and had rendered a great service in so doing. M. Faye pro- 
posed that the Society should hold an extraordinary meeting in 
September this year, on account of the Exhibition, which will 
bring many forejp astronomers to Paris. This proposition was 
adopted.— M. Guiot sent an observation of shadow cast by 
Venus,— M. Dumcsnil, same observation ; also observations of 
Venus, with the naked eye, on March 6, 9, IJ, 23, end 38, from 
3 to 4 p.fti.— M. Faye made some remarks on the ^moa 
cyclone^ and explained the parabolic path of cyclones in both 
l^ispheres. — M. Junod sent some remarks on the attraction 
between rotating spheres. 

' BfigUM. 

l^hyilolofioal Society, May 3.-J‘Pmf. du Bols Reyroond, 
President, in the chair.— Dr. Bfaschko gave an account of his 
atthtomical researches on the formation of the horny layer of the 
ikm. According to bis observatlorta the Malpighian layer con- 
*Uts of polygonal cells, which are pierced ly so conslderalde a 
number of ftbties that the celbsubstanoe of each consists of a 
network of fibres^ These fibre* pass through two or three cells 
ift sftcoessioti, thus uniting them one to the other; between 
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them, and externa) to the cells, is found the intercellular fiuid,. 
and similarly a fluid substance in the interior of the cells. The 
growth of the horny layer begins in the stratum ^runulosum^ 
with the appearance of Waldeyer’s koraiohyalin granules in the 
fibres ; these granules then become larger, and the filM'es dis- 
appear. In the stratum cotytrum fibres again make their ap- 
pearance in the dried cells, which have now entirely lost the 
nucleus which they possessed when they formed part of the 
Malpighian layer. The speaker supported his statements by 
drawings and preparations which he exhibited. — Dr. Gold- 
schneicier spoke on the muscular sense, and on the experiments 
he had made with a view to its analysis. To assist him in 
his researches he made use of localized anursthesia, produced 
by Faradic currents, and of the exclusion of conscious voli- 
tional impulses. Perception of motion takes place at the joints, 
and is unafifected by want of sensitiveness in the skin. The 
Itminal value for the sensation of motion varies greatly for 
various joints, lying between j'’*30 and o‘^'27. The time required 
for the perception of the moiion is very short, and is unaffected 
by the position of the limb, The muscles are not concerned in 
perceiving the position of the limb, this being dependent on the 
visual centre, which is stimulated by local sensory impulses. 
The perception of weight is similarly dependent on the central 
nervous system, and the recognition of resistance experienced in 
raising and lowering weights is brought about by means of the 
varying presssurc exerted by the surfaces of the joints against 
each other. Owing to the lateness of the hour the conclusion 
of this communication was postponed to the next meeting. 

[Note . — In the report of the Physiolngic.al Society, Nai'UKE, 
May 2, p. 24, line 22, for “ ventral /vrtrf “ dorsal.’’ 

May 17, — Prof, dii Bois-Rcymond, President, in the chair. 
— Dr. Goldscheider concluded his communication on the 
muscular sense. He brought forward a mass of evidence 

in opposition to the view, which has up to the present 
lime been widely spiead, that innervation -sensations ))Iay an 
important part in connection with muscular sense. Thus, for 
instance, tne following experiment is opposed to the current 
view: a given muscle is stimulated electrically (the will thus 
being excluded), lifts a weight, and gives ri^c to a tlistinct sensa- 
tion of the accompanying movement. On the other hand, a 
movement may be intended, the innervation-sensation being at 
the same time distincUy prominent, and still the sensation of 
movement may be submiuimaJ and not reach its liminal value, 
so long as the movement when executed is very shihII. As 
regards the raising of weights, it must be borne in mind that this 
is performed by limbs matle up of several parts connected by 
joints ; the rigid joints give ri'ie to the sensation of resistance. 
The speaker summed up the outcome of his researches as a whole 
in the conclusion that the muscular sense is compounded of three 
peripheral sensations : of a sensation of movement resulting 
from the displacement of the condyles, of a sensation of 
produced by the tension of the tendons, and of a sensation of 
reUstanee due to the pressure of the articular surfaces against 
each other. In addition to the aljove there is still another 
sensation— namely, of position, resulting from pressure, tension, 
and stretching of the skin and other local stimuli. Prof, Gad 
gave strong expression to his own view, in opposition to the con- 
clusions of Dr. Goldscheider, that the perception of resistance 
ifi not directly a sensation but a judgment, based upon the relation 
of the movement to the innervation and muscular tension — Prof. 
Koasel then expressed his opiiosiiion to the views of Prof. Leo 
Liebermann on nuclein, which he reg-ird-? ns n mixed [irecipirate 
of metaphosphoric acid, albumen, and bases of thexnnthin st-ries. 
— He next gave on account of ihe researches of Schindler, who* 
had sought m the tissues for the bases of adenin, hypoxanthin, 
guanin, and xanthin, which are all products of the decomjiosition 
of nuclein. He found no adenin in the semen of bulls, but only 
the other three bases, whereas in that of the carp and in the 
thyroid gland not only adenin but the other three are plentifully 
present. Schindler bad further exposed adenin and guanin to 
putrefactive decomposition. After prolonged exptjsure both 
these bases were entirely decomposed, hypoxanthin having taken, 
the place of adenin, and xanthin that of guanin. In both 
cases the result is explained by the assumption of one moleculfr 
of water and the elimination of one molecule of ammonia. 

Meteorological Society, May 7. —Dr. Vettin, President, in 
the chair. — Prof, von Bezolcl discussed the modern viewjPon the 
formation of atmospheric precipitates, which, in oppo»ilion to< 
the older views, arc based upon strictly scientific principles. At 
one time it was thought that the precipitates are formed by the 
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mixing of coM air with warm moiflt air, atu} since the tempera' 
ture 0? the mixture falls to the arithmetical mean of^ the other 
two, so much moisture must be condensed os corresponds to the 
constdembly lowered saturation-point which results from the 
a^ve process, Now, however, it is known that both the rise 
in temperoturt^ of the cold air and the heat set free by the con* 
densation of the moisture must be taken into account, so that in 
reality very little moisture is precipitated : this was clearly 
shown by tne speaker in a series of examples, both by calcula- 
tion and by graphic representation. Thus appreciable precipi- 
tations occur either very seldom or not at all when masses of atr 
of differing temperatures are mixed together. Precipitation 
only occurs when a saturated mass of air is directly cooled, such 
cooling being brought about in nature chiefly by radiation and 
by the upward flow of currents of air. Hence the precipitations 
which take place on the lofty sides of mountains as the air rises 
along them, as a result ot its having been warmed, and in 
cyclones. Since warm dry air is carried into the cyclone from 
the anticyclone, the clouds formed at the edge of the cyclone 
are subsequently absorbed ; thus the clouds arc most dense in the 
centre where the pressure is a minimum, and are progressively 
less dense towards the periphery. Dr. Vettin showed several 
experiments on the movement of smoke inside a glass case 
which was slowly rotating about its centre. Small vessels filled 
with ice were suspended in the case, causing downward currents 
of air, and towards these places the smoke made its way from 
the periphery in a whirling, screwdike formation. 

Vienna. 

Imperial Academy of Sciences, March 14. — The follow- 
ing ])aper8 were read -On the oxidation of ^-naphlhol, by E. 
Ehrlich. — On the encysting of protoplasm with regard to the 
function of the cell-nucleus, by 0. Haberlandt. — Contribution 
to the anatomy of the aerial roots of Orohidea, by E. Pal la. — 
Results of comparative researches on the spectra of cobalt 
and nickel (sealed), by A. Griinwald. — Contribution to the 
systematic knowledge of Muscaria (sealed), by F. Brauer. — On 
the intestinal mesenteries and omenta in their normal and ab- 
normal state, by C. Toldt. — On the oxidation of paraphenylene- 
diamine a^nd ^ramido-phenol, by E. von Bandrowski. — On 
some phenomena of electrical discharges and their photographic 
fixation, by A. von Obermayer and A. von Hiibl.— On the ele- 
ments of the geological structure of Rhodus, by 0, von Bukow- 
ski. — Determination of the orbit of the Andromeda (175) planet, 
by F. Bidschof. 

Amsterdam, 

Royal Academy of Sciences, April 20.— Prof, van de 
Sande Bakhuigzen in the chair. —M. Martin read a paper on the 
sO’called “old-slate formation of Borneo.’' This formation is 
known among others in the western parts of the island, where 
a few fossils were collected by the mining engineer, C. T. van 
Schelle, viz, at the Soengli Molsong, ana near Boedoek and 
Sepang, in the “ Chinese districts/' It appeared, on examina- 
tion, that these fossils belong to the genera Gervilliaand Corbula, 
and as neither genus ever occurs in Palseozoic strata, the “ old 
*bte” here cannot be Paljcozoic, The slates are, moreover, 
covered by Tertiary strata, so that the only alternative is to 
assume that they belong to the Mesozoic age. A further con- 
firmation of this hypothesis he found in the fact that he had 
succeeded in finding, in a grey limestone of the Bojan, in the 
Upper Kapoes dominion, OrUtulina cmiicularh. As this 
fossil is Cretaceous, and the limestone in question occurs like- 
wise in company with clay-slate, he concluded that the strata 
with Gervillia and Corbula are of the same age as those with 
■Orbit uUna, and that they all belong to the Cretaceous period. 
M, Marlin feels persuaded that the Cretaceous formation is 
widely spread in the Indian Archipel^o, and, on account of the 
absence of fossils, has been partly included among the “ old 
slate," and partly among the Tertiary system. 

Stockholm. 

Royal Academy of Sciences, May 8, --Prof, S. Loven 

f ave an account of a recently published memoir, by Prof. 

, Steenatrup in Copenhagen, with the title, “On the Station 
of the Mammoth Hunters at *Tredmort in Momvia." — Baron 
Nordenskidld exhibited the first oopy, now ready, of his great 
Work, “Facsimile Atlas to the Oldest History of Clmrto- 
graphy,^ containing copies of the best maps printed before 
tke year i6oo/* a volume in folio, with fift^-one large maps, 
and eighty-four maps and figures inser^ in the descriptive 
letterpress. The interesting manuscript map of Normem 


Europe from 1467, dboovered by Baron NordcnakUild In the 
library of Count ^Umotiki at Warsaw, is aUo copied.— He alto 
exhibited a large meteoric stone, lo^ kilogrammes in wel^kt, which 
fell on April 3, this year, in the province of Scania. -—Contribu- 
tions to the knowledge of the absorption of the radii of beat 
through the various components of the atmosphere, by Dr. 
Angstrom.— On the construction of the int^rols of the linear 
differential ^nations, by Prof Mittag-Lemer. — Note sur la 
serie g^n^ratisee dc Riemann, by Dr, A. jonquiire, of Bern. — 
On the action of cyanlum on phenyl-sulpho-unnatc, by Herr D. 
S. Hector.— On the action of some oxiaating bodies onphenyl- 
Bulpho-urinate, by the same. — On integranon of differential 
eauations in the problem of the fi bodws, by Prof. Pillner.— 
The singular generatrices of the binormat and principal surfaces, 
by Prof Bjorlii^. — Studies on the peat bogs of Southern 
Scania, by Herr G. Andersson, —Zoological notes from Northern 
Bohuslan, by Herr C. A. Hansson. 
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THURSDAY, JUNE 6, 1889. 


StEPORT OF THE ROYAL COMMISSION ON A 
Ul^LVERSJTY FOR LONDON • 

T his Report is a disappointment. The spectacle of 
three eminent lawyers taking an eminently legal 
view of a question, and three teachers an educational 
view, is instructive and amusing, but it is not business. 
Passing over, for the present, the question how far its 
conclusions are discredited beforehand, by the dissent, on 
the material point at issue, of all the Commissioners who 
have had experience of teaching, we shall consider the 
principal Report from our own standpoint ; which is that 
of a complete impartiality as between the University of 
London, the petitioning Colleges, and the other institutions 
and interests concerned, and of an earnest desire to see 
established in London a real University for teaching and 
research — that is to say, one of which the function is the 
dissemination and advancement of knowledge, while the 
examinations are relegated to their proper place, as 
accessories to study, not fetters on the teaching. 

At first sight the impression is favourable. *^The 
general case for a teaching University is” in the Com- 
missioners' opinion, made out.” The limitation of its 
area to London, so far as concerns its teaching functions, 
is strongly insisted on, and reiterated in several para- 
graphs. The rejection of a separate University for 
Medicine is good in itself, and is of good omen, when the 
position of the two leading Commissioners is considered, 
for a future association with the University of the only 
possible London School of Law, that of the Inns of 
Court. The Commissioners have adopted some excellent 
ideas as to the constitution of Faculties, consisting ex* 
clusively of actual teachers, and as to the formation 
from the Faculties of Boards of Studies. They further 
think it desirable to give a definite value to the 
training and teaching which those students will obtain 
who go through the prescribed courses of constituent 
colleges and teaching institutions connected with the 
University,” and they formulate certain proposals for their 
exemption from specified examinations, which at least 
serve to show that the recognition thus given to the value 
of systematic study under competent guidance is not, 
in their minds, a purely nominal one. There cannot be 
a doubt that, if their recommendations were adopted, the 
administration of the University of London would be 
improved, and the influence of its examinations upon 
study, in London at all events, greatly modified for the 
better. We do not sec why, subject to some further con- 
sideration for the case of students elsewhere than the 
Commissioners have cared to give, the reforms suggested 
in the Report should not now be carried out, as it pro- 
poses, by the independent action of the University of 
London, wirii hearty support and approval from the 
University Colleges, and without in the smallest degree 
impairing their case for the simultaneous establishment 
as a separate institution of a real teaching University for 
London. 

But this, ot course, is not the intention of the Com- 
missioners. On the contrary, they recommend, in so 
many lerma^ that if this refom siK^ld take place in the 
Vqi:^ xt-’-Na io33« 


University of London, “the prayer of University College 
and King's College be not granted.” This obliges us to 
examine whether the reform in question will insure to us 
that further benefit to be expected from the establisliment 
of a teaching University which lies apart ftom any possible 
good results to follow upon the mere perfecting of the 
machinery of examinations. Upon this head it is our 
deliberate judgment that they will fall short of what is 
needed. It is not the somewhat stinted amount of repre- 
sentation upon the Senate which is offered to University 
College and King's College ; not the representation on a 
more liberal scale of teachers in the University Colleges 
and schools, arranged in Faculties for the purpose, upon 
the same body ; not even the appointment by these 
Faculties of so-called Boards of Studies, limited to 
the function of advising the examining body ; nor 
yet all these concessions taken together, which will 
transform a general examining body into a teaching 
University for London, as we understand the term. Far 
less will such a University be constituted by “con- 
federating ” or “ co-ordinating,” for examining purposes 
only, all the “ various societies and institutions in London 
which profess to give advanced teaching,” such as, for 
example, “ the Birkbeck Institution, the City of London 
College, and the Working Men's College.” In the Charter 
of the Victoria University it is expressly provided that the 
affiliated Colleges shall be, for teaching purposes, efficient. 
This necessary safeguard has been overlooked by the 
Commissioners. There remains the recommendation 
that “ the University should have power to teach by pro- 
fessors and lecturers of its own, attached or unattached to 
particular Colleges or institutions, and to receive endow- 
ments for that purpose.*' Assuming the necessary en- 
dowment to be forthcoming, the bearing of this proposal 
depends on its application. If the University Colleges 
are willing to allow of the “ attachment ” to them of 
University professors— that is to say, to allow the 
University to appoint the leading members of their 
teaching staff— and if further they permit the University 
“ Boards of Studies” to arrange their prospectuses, then, 
indeed, the result will be that the Colleges, for leaching 
purposes, will become merged in the University ; and we 
shah have, at the expense of the sacrifice of their indi- 
viduality, and not without considerable violence to their 
traditions, a strong and homogeneous teaching University 
in London. (Jtherwise, one of two things will happen : the 
separate University staff may be a mere peripatetic staff 
of lecturers, doing what is known as “ University exten- 
sion” work ; or else it will constitute a third University 
College, with a privileged position, competing with others 
for their students. In neither of these cases shall we have 
reaped the characteristic benefit of a teaching University, 
which is, shortly, the organization of teaching power. 

Thus, on the most careful examination we have been able 
to give to the proposals of the Report, we are brought to 
the conclusion that only on one condition— a condition 
very unlikely to be realized — will they result in giving us a 
real teaching University for London. In default, we shall 
have a general examining University as before, but one 
largely under the control of London teachers. The 
change will entail a violence to the traditions of the Uni- 
versity, and perhaps a disparagement of its Imperial posi- 
tion. The Commissioners, indeed, say : “ For other parts 
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of tbie Kingdom, as for tbe Cok»oies, it is sudiclent ttet 
tHero^ should he access, a« heretofore, to exan^inations atsd 
to deigrees/’ This dictum, a curious))^ inaccurate one, if 
we oeeshler the recent fbundation of the Victoria Uei* 
vMfity, not to speak of Colonial and Indian teaching 
Universities, wlH hardly be accepted by tbe country Col- 
leges which gfeill look, and must for some time continue 
to look, to the University of London for degrees. They 
win claim representation on its governing body, if not 
also on its Faculties and Boards of. Studies ; and if its 
functions are restricted to the control of exammationa, we 
do not see on what principle the claim can be refused. 
The reftisal to admit institutions at a distance is justi- 
habtoif the first business of the VTniversity is to teach; 
but hardly plausible if its function is only to examine. 

Nor is this all. In order to obviate “the risk of 
practical injustice being done to candidates for degrees 
from country Colleges or from no Colleges at all,*' the 
Commissioners propose to establish what they call a 
“ balance in the government of the University and in 
determining the course of the examinations and the 
choice of examiners,” between the associated institutions 
and “independent elements.” This they attempt by 
assigning a majority in the governing body to Crown 
nominees and the representatives of Convocation. This 
provision will in no way help to keep the University in 
touch with the teaching of the country Colleges ; but it 
will undoubtedly entail the risk, which has been over- 
looked by the Commissioners, of producing a want of 
flexibility in the administration of the examinations, con- 
sidered as accessories to study in the London Colleges. 
TTw University will thus start on its teaching career with 
a clog about its movements. Diffbrences of opinion are 
sure to arise among its administrators, as often as an 
alteration of its programme is proposed in the interests of 
the London teaching ; and these will be differences which 
no wisdom or moderation will entirely obviate, because 
they will be due to a fundamental difference in the point 
of view* We strongly apprehend that an institution so 
framed will be found to contain within itself the seeds of | 
feihw®. In any case it will hardly obuin that large i 
measure of confidence from the Colleges which would lead s 
them to intrust it with any power over their teaching. 

The initial fallacy of the whole Report may be traced to 
a little word in the twelfth page of it, paragraph 15. 
The Commissioners say : “ Whatever diffliculties there may 
be in the way of establishment of such form of connection 
as may be desirable between a teaching University for 
Lopdon different bodies and agencies now 

engaged in work on an independent footing, we 

think it probable that these difficulties may be more 
easily overcome if ground were occupied by one 
University only, and not by two.” The ground proposed 
to be covered is not one field of work, but two* There 
is the wofk of affording by means of a general examination 
a test of attainment for students in institutions of as yet 
imperfect efficiency, mtd ibr private students* There is ’ 
also tbe work of oigaaising the teaclring, with if» 
examinations closely fallowing and depend^ on the 
teaching, m the efficietkt Colleges of LondoR^ The two 
differ essentially, not mecvly ^ ^ porpoee^ 

Thw dtonpt to devise iiMumeat competetkt to 
xcp^nse'beth at once \m Med^ as it was b^unito Ml 
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Whatever line is now taken by the University of Lotidom 
we trust that the promoters of the movement, who havr 
succeeded hitherto so far beyond expectation, will stand 
fast by their principles, and not forfeit, by a too great 
eagerness for immediate results, the success which is 
certain ultimately to crown their efforts. ^ ■ 


TASMAm^N GEOLOGY. 

Syst«matir Account of ike Geology cf 7 'asmanm. By- 
Robert M. Johnston, F.L.S. Pp. 406, with Geological 
Map and Sk^tione, and 57 Plates of Fossils. (Hobart : 
Publist^ by the authority of the Government, i8d8.) 

N early forty-five years have elapsed since Count 
Strzelecki and Prof. J. Beete Jukes, working inde- 
pendently, made known to geologists the main features of 
the important island of Van Diemen’s Land. In the 
interval between the publication of their researches and 
the present day. numerous papers treating on questions 
of local geology have been published by Mr. Charles 
Gould— who for a time was engaged in making a geo- 
logical survey of ^ colony— and by many amateur 
geological investigators. No complete description of the 
geology of the whole colony has as yet appeared, however ; 
and we therefore heartily welcome the large and compre- 
hensive volume now lying before us, as supplying a 
long- felt and pressing want. 

The author of this work, Mr. Robert M. Johnston 
is the Government Statistician and Kegistrar-Gcnera! 
of Tasmania ; and during the last sixteen years he 
has devoted much time and labour to the study of the 
geology and natural history of the colony in which he 
resides, and has published numerous papers dealing with 
qiM^ens of stratigraphical geology and paljeontology^ 
as‘v^ as of botany and zoology. In the year 1884, Mr.. 
Johnston was requested by the Tasmanian Government 
to write a general treatise on the geology of the island ; 
and the present work has been prepared during the 
leisure hours of a busy Government official, 

Tbe Island of Tasmania has an area of a little more- 
than 26,000 square miles, or between four and five times 
that of Yorkshire. Over large parts of tbe island there 
is a covering of almost impenetrable scrub ; whtle the 
rivers are large enough to make traverses of the country 
by no means an easy task ; and the rainfall is heavy, 
The interesting details of the methods of exploration, 
given in the introductory chapter of this work, illuetrate 
tbe nature of tbe difficulties which have had to be 
overcome in making the researches upon which the 
work is based. We cannot but admire the energy and 
zeal which have been exhibited in carrying out the 
numerous and valuable observations that have made the 
present work possible. 

The excellent sTtetch^map of the geology of Tasmania^ 
drawn on a scale of a s miles to the inch, gives a very 
good idea of the geniral distribution of the several rbck« 
masses* The oldest formations appear on the west and 
on the novtli-eaet of the island, and consist of crystidline 
schists, apparenfty belonging to the Archman periods^ 
associated with clayslatef, quartzites, sandstones^ and 
HmeMones of Camabria^ Om^ciaa, and Silaiian age/ 
With %mn wmalkMld doebtfol represeotatives of the 
Bovoetiaih Tlfe piAiOMltoiegfeail evIdehQe eomsidnf dia 
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of tl|e dtflforenc Lower Palifeozoic rocks appears to be 
.feitly MLtisfactory character. 
tyJUjff in the district between the two areas of older 
r<;^9i we have, in the central parts of the island, a tract 
bf jgjreat exten^ which is occiii>ied by the important coaL 
bearing strata. These strata have, however, been greatly 
by igneous extrusions, and are, over a consider- 
*hle area, covered up by Tertiary deposits. While the 
lower aeries of these coal-bearing strata contain the 
rbtnaijns of plants, like those of the Carboniferous strata of 
Euuropeand the United States, the higher Coal-measures 
yield many plants having Mesozoic affinities. 

Mr, Johnston, like all who have had to deal with the 
geology of countries in the East and in the southern 
bomisphere, has been compelled to confront a very serious 
difl&culty — that of making his nomenclature and classifi- 
cation fit in with the scheme that has been adopted in 
the countries which happen to have been the first 
systematically studied by geologists. His biological 
training and knowledge have here, however, stood him in 
good stead ; and there are few contributions to this dilfi- | 
cult question more worthy of attentive Consideration than j 
the chapter of this work which deals with nomenclature I 
and classification, and the suggestions offered by the ; 
author on the subject of the ‘distribution of genera in 
time, from independent or widely separated geographical j 
centres,” | 

Mr. Johnston divides his Tertiary strata into the two j 
groups called by him Palasogene (including perhaps the 
Eocene, Oligocenc, and Miocene of iCuropean geologists) 
and N.'Ogenc (corresponding with our Pliocene). It is 
perhaps unfortunate that in the Utter case a name 
is employed which has also beenjused by the geologists 
of East^ern Europe with a somewhat different significattbtt 
Coming down to post- Tertiary times, the author gives 
an exeslieat account of the caverns and native shell- 
mounds, containing the*] rude flint -implements of the 
aboriginal inhabitants. Portraits are given of the last 
Sjurviving man and woman of the Tasmanian race ( King 
BiJJy and Truganlni), the former of whom died in i86y 
and the Utter as recently as 1876. Drawings of the rude 
instruments made of chert which were used by tliis 
interesting race of human beings, and details concerning 
the mode in which the natives employed the different kinds 
of weapons, will prove of great service to those engaged 
in studying the remains left by various ancient races in 
Europe and America. 

Full justice is done to the different kinds of igneous 
cocks, so far as they have yet been studied ; to the various 
ocoftomlcal products ; and especially to the useful ores, 
of thp island- Interesting detajls are given concerning 
tW mode of occurrence of the “ Tasmania,” or ** whitc- 
coal/' which attracted so much attention a few years ago, 
and drst led to the investigation of many similar spore- 
COels'* in Europe and America. Tpt character of the 
dfyt»0|#s from which streain^tin arid gold have been 
is itlso described, and thicir importance is in- 
^ aUtiatids : the value of the tin 

ia Tasmania is now shown to be between 
and 400,000 ptt amum. Nor are awwc purely 
dnd th^o^ Anmser- 

of probable disftwbetw 

aiuJlluririg fhe 


'fertiary period is illustrated by iiketch-maps ; and here, 
too, the author's biological knowledge has aided him 
greatly in dealing with a very complex and diflScult 
problem. 

But quite independently of the scientific value of the work, 
1 which as we have seen is certainly very great, we think 
' the Government and people of Tasmania are to be con- 
gratulated upon the character of this remarkable and 
handsome volume. It alms at being above all things of 
practical use, and its great object is to direct the attention 
of the colonists to questions of pressing interest and im- 
portance, as well as to secure their aid and co-operation in 
solving the important problems presented by the geology 
of the country. 

The bibliography of Tasmanian geology has, with the 
assistance of Mr. Robert Etheridge, Jun , been very amply 
dealt with. Chapters containing a key to the determina- 
tion of rocks, and instructions for the blowpipe examina- 
tion of minerals, together with an excellent glossary of 
geological terms, which might seern out of place in a 
memoir on European geology, will make this work of 
service to many colonists who have not had the advant- 
age of a scientific training or access to libiaries. 1'he 
numerous plates, too, if not so highly finished in some 
instances as we are accustomed to in works of the kind, 
serve their purpose admirably : and the plan of giving 
side by side with the imperfect fossils found in the colony 
a number of well-marked types from the other Australian 
colonies, and even from Europe, can scarcely fail to prove 
j of the greatest service to many a traveller or resident in 
I the country, whose only work of reference may be this 
! volume. 

I In the execution of his task, which has evidently been a 
! labour of love, the author has received much assistance 
; from the geologists in other Australian colonies and in New 
Zealand, and this he w'armly acknowledges. No less 
valuable has been the co-operation of many of his fellow- 
I colonists, who have aided him by drawing plates, in 
I making special inquiries, and in many other ways. 

When invited to undertake the work, the author was 
requested to prepare a volume which should be “specially 
I suited for the guidance of local students, mining pro- 
I spectors, and others.” We can heartily congratulate Mr. 

' Johnston, and the Government which have so liberally 
I paid for the publishing of the book, upon having not only 
completely accomplished their primary object, but of 
having at the same time issued a work which is of the 
highest scientific value. It is not often that the wants of 
the general public and of the scientific speislalist have 
been so admirably uiei; or that a book has been produced, 
which is at the same time accurate and thorough in its 
treatment of technical questions, while it is not wanting 
in the more elementary details required by those who 
have not had the advantages of a scientific training. 

John W. Judd. 

CACTUS CULTUBE FOR AMATEURS. 
Cactus Culiuri for Amatmrs. By W, Watson. Profusely 

Illustrated. (London : L. Upcott Gill, 1SS9.) 

O UAINTNESS of form, extraordinary brilliancy of 
coloor in Ihe Bowers, facility of cultivaticm, all 
supply reasooi mby these plants^ ind^ndeiitly of the 



124 


NATURE 


6, 1889 


scientific interest attaching to them, should be extensively 
cultivated. At one time succulents were fashionable. 
They were grown, and grown well too, in the most un- 
promising lochlities-^on the leads of London houses, in 
back yards, ixlt^ottage windows. They may still be found in 
the latter position, where the conditions often seem to 
suit them better than in more specialized habitations, 
probably because the plants get full exposure to light, 
and a dry atmosphere, while they are at the same time 
relatively impervious to dust. Barring occasional sur- 
vivals, Succulents have, however, “ gone out.” A collector 
recently dead did his best to galvanize the public taste. 
Regardless of expense, he got together a superb collec- 
tion. With unwonted generosity he lent large assortments 
to public institutions, where they might be seen of many. 
With even greater liberality he gave away great numbers 
of plants to schools and other institutions, as welt as to 
private individuals. He hoped by so doing to revive the 
public taste for this class of plants. Vain hope ! 
They are no more abundant now than they have been for 
the last quarter of a century ; the nurseries have mostly 
discarded them as unprofitable lumber ; the great col- 
lections are broken up. Even the assemblage to which 
we have just alluded has been recently sold under the 
hammer, and, despite its excellence, realized scarcely more 
than enough to pay for the hammer. Under these 
circumstances it was with no little astonishment that we 
saw a series of articles in the Bamar some time since, 
and it is with even greater surprise and pleasure that we 
now welcome their republication. The publisher, it seems, 
noting the general absence of cactuses in English gardens, 
came to the conclusion that the reason for their exclusion 
was to bo found in the absence of adequate knowledge 
as to their cultivation and management. He thereupon 
commissioned Mr, Watson, Assistant Curator of the Royal 
Gardens at Kew,to write a series of chapters on the subject. 
Brave publisher I may he be amply compensated for his 
chivalrous efforts ! At any rate, he pursued a wise 
instinct when he secured the services of Mr, Watson. 
While private poUections have, as we have said, almost 
disappeared, tfcese plants have always been very well 
represented at Kcw. The succulent house indeed is, and 
always has been, one of the most striking features of that 
grand establishment. While of exceptional interest to 
the naturalist, the cactus house appeals to the atten- 
tion of the general public more forcibly, if not always 
more pleasurably, than any other department of the 
Gardens. Ten years' experience in the care and cultiva- 
tion of these plants at Kew is alleged by the author as 
bis justification in publishing the present book. But, in 
truth, the book furnishes its own vindication. It is 
written for gardeners, not for botanists, but it will be ac- 
ceptable to both, and we shall not be greatly surprised 
if the book is more appreciated by the naturalist than 
by the gardener. Fashion rules in gardening as in other 
things, and Fashion says now we will have cut flowers and 
roses, and we will have orchids ; by and by, perhaps, it 
will demand cactuses, although they do not furnish ** cu^ 
flowers,” and this demand'' will, we trust, be furthered by 
the book before us. 

The naturalist is, if not wholly, still largely, beyond 
the influence of the caprices of Fashion. For him 
the limited geographical distribution and the extra- 


ordinary forms of these plants, their surprising ada|^ 
tations to the conditions under which they grow, tbOT 
remarkable metamorphoses, the absence or extrans^y 
reduced condition of their leaves, the co-relative thickness 
of stem and expansion of surface, offer a neveivending 
source of interest and investigation. The wonderful pro- 
vision against undue evaporation, the protection against 
the ill effects of radiation, the amount of green surface 
exposed to the sun even in the practical absence of leaves, 

I the defence against thirsty marauders afforded by the 
spines, the singular nature and arrangement of those 
spines— all these points, to say nothing of the, in many 
cases, incomparably gorgeous flowers, give these plants 
claims on the attention of philosophic naturalists beyond 
those offered by most others. Further, with occasional 
exceptions they are easily grown, demand relatively little 
space, attention, or expense, and are therefore specially 
fitted for the naturalist of moderate means. 

Lastly, we may conunend them to the attention of those 
botanists who have the management of botanic gardens. 
Those who have visited the smaller University Gardens 
in Germany or France know what depressing establish- 
ments they generally are, and how little they seem to 
contribute to the advancement of science ; but if the 
managers of each garden were to take up the cultivation, 
one of one genus of plants, one of another, as means 
and opportunities permitted, they might do excellent 
service to botany «'it little cost, and in these specialties 
achieve results not possible of attainment in larger and 
more exacting establishments. The Bromeliads were 
taken up in this manner in the Lit^ge Botanic Garden by 
Prof. Morten, who unfortunately did not live to complete 
his monograph. We allude to the subject here because no 
group of plants affords better opportunities for a thorough 
and comparative study of the inter-relations of structure, 
development, and life-history generally than does the 
order Cactaceae. Whilst fashion fades and palls, the 
interest of scientific investigation is not only continuous 
but progressive. The cactuses are replete with problems 
of deep import to naturalists, and we trust that Mr. 
Watson’s book may be the means of bringing about the 
solution of some of them. 


OUR BOOK SHELF. 

Lekrbuch der V^rgleichenden Anaiomte sum Gebramks 
bet vergUicheiid anatomischen und soolo^sdtm 
Vorlesungen. Von Dr. Arnold Long, Inhaler der 
Ritter- Professor fiir Phylogenie an der Universit^t 
Jena. Ersle Abtheilung. (Jena : Gustav Fischer, iSSJi.) 

This Lehrbuch ” is the ninth edition of E. Oscar 
Schmidt’s well-known“Handbuch.” It has been thoroughly 
revised —indeed, in parts rewritten. As might be expected 
from the Professor of Phylogeny at Jena, the subject is 
treated from a quite modern standpoint. We have ficft 
the systematic arrangement of the tribes, orders^ apa* 
classes of ^ch or sub-kingdom, with the ebar^- 
teristics of each. This Is succeeded by some general 
observations on the group, then the general morpholDgy 
described, next we have the details 0? U%e various systems ; 
the illustrations to the descriptive part of each chgpt»r^ 
being selected with great care and judgment, and Wing ^ 
most cases refreshingly new^ This first 
volume commences with the Protoxoa and ends vrifb finil 
Vermes. With the immense advance 
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knowledge it may be regarded as impossible that any one 
pmoti can have an equal knowledge of all the groups 
iiito which the animal kingdom is now divided ; and 
while at once acknowledging the care which has been 
shown in the compilation before us, one has only to study 
the chapters on the Plathelminthes and Vermes to hna 
how the author’s siwcial and great knowledge of these I 
groups has made this the most valuable portion of the | 
present part. The Protozoa are divided into three classes^ : 
(he Monera, Sarcodina, and Flagellata ; among these last, 
such genera as Pandorina, Stejmanosphsera, and Volvox 
are included without a hint being given that many regard 1 
them as plant forms. The Ccelenterata are divided into the 
Gastrseadse, Porifera, and Cnidaria, and the former class | 
is made to include not only the Orthonectida: and 1 
picyemidas, but also the Plwsemaridx. In the quoted ' 
literature on this group no reference is made to Prof. Ray 
LankestePs very impartial paper on a species of Mali- j 
physema. These facts arc referred to, not as criticisms on j 
this valuable addition to an already large list of introduc- ' 
tions to a study of the comparative anatomy of the , 
animal kingdom, but rather as in their way indicating • 
the standpoint from which this one has been written. | 
The printing is excellent, and the style of the work is i 
worthy of the house of Gustav Fischer, of Jena. [ 

A Manual of Practical Solid Geometry. Hy William ' 
Gordon Ross, Major R.E. (London : Cassell and Co., 1 
Limited, 1888.) ! 


whidi were peculiar in having the spur either completely or 
partially invaginatedf as shown in the figure. 



This book follows in the main the linefe of geometrical | 
drawing as studied at the Royal Military Academy, Wool- j 
wich. It will be found to be a useful help to those who I 
desire to have the power of producing accurate and work- i 
manlike drawings. Orthographic projection of points, ; 
lines, and planes, system of vertical indices, and projection , 
of curves and solids, are first dealt with, and are followed 
bv simple cases of regular solids and solids of revolution, 
illustrated by drawings in elevation and plan. A scries 
of solid geometry problems are next worked out 
on the index system, figures being drawn in the more 
difficult cases. Problems in connection with, irregular 
surfaces, and relating to the defilade of works of fortifica- 
tion, arc worked out, and also illustrated by drawings. 1 
The appendix contains a collection of examples of differ- ! 
ent kinds, and various hints and suggestions useful for j 
draughtsmen. , ! 


In examples where the invagination i$ complete, the intruded 
spur occupies the exact }>osition of the stamens, and it is a fact 
of some significance thai it is not uncommonly double. 

Flowers of the normal form were also developed, and I 
noticed that as the summer advanced the proportion of these 
increased until eventually the plants produced only flowers of 
the ordinary kind. They are again flowering this season, and 
arc repeating their behaviour of last year in every detail. 

I am not aware of any similar case having been recorded either 
in Maxwell Masters’s “Vegetable Teratology*’ or elsewhere. The 
facts brought to light by the examination of numerous examples 
seem to me to suggest a new interpretation of the nature of the 
“spur’' in this flower, which I purpose discussing at a later 
period. In the meantime I shall be very glad to hear of 
any similar instances either in this or any other “spurred” 
flowers. Alfred Denny. 

Firth College, Sheffield, May 27. 


ICey to Lodi's Elementary Trigonometry. By Henry Carr, 
B.A. (London ; Macmillan and Co., 1889.) 

The examples given in this book are fully and clearly 
worked out, and in the elementary examples the author 
has added considerable detail to enable those reading the ' 
for the first time, and those who are studying it : 
without the help of a teacher, to obtain a clear insight 
into the working of them. Great care seems to have been 
taken to insure accuracy, and from beginning to end 
a teacher would find it hard to add much in the way of 
supplementary explanation. 


LETTERS TO THE EE/TOR. 

t Editor does mt k&td regpont^le for opinions ex- 

pressed ^ kis eerre^ndinis , ImtlMr em he undertake 
to or to eorrespond wUk the emeiters of rejected 

thM^msifiMt intended^ or any other part cf Nators. 
m num is of.ome^em eommunications.] 

Abadrniality in Tropnolum. 

Im the early summer of last year my attention was directed to 
a ol^ah^r^Uty ie fpwers pf Tropmolnm, which 1 think is 
! Md »r# to be j^rtby of recwl. 


plants of several yean’ growth (in a 
fb be produhmg fioWers in consldersu *e numbers 


The Structure and Distribution of Coral Reefs. 

In reply to Mr. Guppy’s letter permit me to state that (owing 
to Captain Wharton’s kindness) I had before me, when writing, 
the Report on the Survey of the Tirard and Macclesfield Banks. 
’That reef-building corals occasionally grow at depths con- 
siderably greater than 25 fathoms was already known (sec 
“Coral Reefs/’ second edition, p. 115, note), and Commander 
Moore’s investigations did not appear to me to do more than 
confirm this. Mr, Guppy, I think, must have read his copy of 
the Report rather hastily, or he would hardly have failed to quote 
the following “suggestive remark” which occurs on p. 16: — 
“Th» fact fa living astrjean at 45 fathoms] proves that the fine 
sand of the lagoon is not oecesaarily fatal to the solid reef-building 
nstrsean, and helps to explain how individual coral heads appear 
in the deep waters of these atolls, but it cannot be doubted that 
their growth is very limited. . . Coral growth is most luxuriant 
between a and la fathoms.” T, G. Bonney, 


Atmoapberic Electricity. 

Not once only, but on several occasions, I have been alarmed 
by the fizzing of my ice-axe in the Alps. ^ 

Twice in one neighbourhood— ‘the Riffelberg — I have been 
in company with several tourists who have (as I myself) been 
considerably (Hghtened. 

It must be remembered that the Riffelberg and the Corner 
Grat contain so much iron as to affect the compass observations 
of surveyors. How often may this be a determining cause ? 

Alpine Clnb, May aS. Marshall Hall. 
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Unu«u»Uy Largft Kail. 

SoMK very large haiUtonee fell here about 3.30 on 
Sunday, June 3, durinfi[ a short but, sharp thunder-storm. Most 
of them Were ellipoidal iu outline : some were mammillated, 
and some were evidently compound, formed of several liailstones 
partially fused together. Ten picked up at random as being 
fairly large ones mca‘'ured from 1 to ij inches (Jt 

li inches) in greatest diameter. Many of them 
were f^ordjed of four, five, or >»ix concentric layers, which were 
alternately clear and snow white. Some of these hailstones 
lying on the grass look more than an hour and a half to melt 
away (temp. 65'=’ F.) 

Mr. I. C. Thompson has just drawn my attention to the 
residue which they leave when melted on a clean gla^s slide. 
This, when exnmined under a high power of the microscope, is 
found to contain, along with inorganic particles, a number of 
minute plant spores. \V. A. I ft. RDM AN. 

University College, Liverpool, June 2. 

The Muybridge Pbotogftaphs, 

Allow me to state, in order to save correspondence due to 
the omission of a publisher’s name in connection with the 
Muybridge photographs (Nature, May 23, }i. 7S), that they 
may be seen and ordered of Mr. Muybridge, at 38 Craven Street, 
Strand, London. E. Uay Lankesler. 

University College, London. 


T//£ VICES OF OUR SCIENTIFIC EDUCA^ 
TIONI 

T he snbject which I desire to bring to the notice of 
the A^^ejation to-day must necessarily remind you 
of the attack Which was recently made on our competitive 
examination system in the Nimtecntk Cenfury, 

In some respects the writers of the article," or articled, 
in the Ntnefcenth Century^ appear to me to have right on 
llieir side wlien they object to the existing slate of our 
competitive system. 

They begin by complaining against the dangerous 
mental pressure, and the resulting physical mischief, 
which accompany the working of nearly all parts of our 
present educational system. This complaint seems tome 
to be just. 

The fact is, in my opinion, that nearly all our examina- 
tions are much too dimeuit— too much beyond the mental 
and physical abilities of the examined. 

Let me take, as a supreme instance, the examination 
for the Mathematical Tripos at Cambridge. Ever since 1 
have known anything of this examination, I have 
wondered how it can be possible that young men, three 
years after leaving school, can successfully grapple with 
problems, a great number of which are of transcendent 
difhcnlty, in such an iintnensc range of mathematical and 
physical subjects as this Tripos contains. Indeed, when 
we are admitted behind the scenes by reading the solutions 
of these problems by those who have set them, our wonder 
is increased ; for we find frequently that the discussion of 
a single problem occupies four, five, or six (and sometimes 
more) pages of small print. Such problems have a very 
value for the student who has plenty of time to con- 
sider them in the solitude of his study ; but I should 
think that the attempt to attain the amount of knowledge 
and adroitness necessary to deal with them on the spur of 
the moment in the Senate House must often produce 
mental and physical injury. Are we really to believe that 
a young man of twenty-one or twenty-three has made 
himself master of nearly everything given to the scientific 
world by Newton, Laplace, Gauss, Jacobi, Helmholtz, 
Cayley, Thomson, and Clerk Maxwell ? 

The desire to place before a student a standard which 
({ sftppose I am right in assuming) he can never teach is, 
^ course, quite defensible \ and it is one which appears 

« A rtiul Ufore A^&ociatioa for tli« ImpKtvemebt lO^OeomericAl 
T«aching» January 19, iftS?. by Prof. Mincluo, FrMtdent. 


in every educational competition. But it is n6t 
cases carried out with a regard for rightness of method. 
For, this desire to be always in advance of the student 
leads some examining bodies to hurry him through a 
large number of subjects in a short time. It is, I 
a marked characteristic of our very modern method that 
we require half a dozen branches of mathematics add 
physics to be got through in a time which, say, twenty 
years ago, would have been devoted to the stu<fy of two 
or three. Is there, for example, nearly so much time nbV 
devoted to the study of pure Geometry as there was theh ? 

1 Is I'rigonometry so thoroughly and leisurely studied now 
in tlie schools ? 

With the rage which now exists for rushing studtmts^ 
through elementary mathematics in order thsit they rnay 
in the shortest possible time reach physics, both experi- 
mental and mathematical, the necessary foundations of 
scientific knowledge are seldom properly laid. Boys who 
ought to be learning skill in Algebraical manipulation, in 
assimilating Trigonometrical formula;, and in applying 
them 10 various problems of Mensuration, are, i mld^ 
endeavouring to limp through Statics, Hydrostatics, and 
Kinetics. When to these comparatively advanced subjects 
wc add some Chemistry, the phenomena (at least) of Heat, 
Optics, Sound, E'lectricity, and Magnetism -to say no- 
thing of languages— the result is inevitable that the less 
showy subjects of elementary pure Mathematics must be 
insufhcientl)' studied — must, in fact, be merely skimmed. 

1 There is no subject in which the result of this Over- 
haste IS so easily recognized as Trigonometry ; for, at the 
outset, the student's work m this branch must largely 
consist in committing to memory a number of formula*, 
and nothing but long-continued practice in application 
will fix them in the mind. Hence, as the necessary thne 
must be given to several other subjects, I find very many 
students exceedingly slow in repeating, and even in 
recognizing, some of the most elementary and frequently 
useful formula: in Trigonometry. Hence also a large 
portion of the knowledge brought out in competitive 
examinations consists of what is called “ Cram,” and it 
is, therefore, customary to heap odium on the “ Cram- 
mers.” I do not think, however, that the fault rests with 
the Crammers, who do merely what they are invited to da 
by educational authorities. 

i shall take as an instance of the excessive haste with 
which students are pushed on through various bramchts 
of Science the Matriculation Examination of London 
University ; and what 1 say with reference thereto is 
result of a present experience which I have in assisting 
a young relative in his reading for this examination, In 
last year’s Regulations for Matriculation you will find that 
the course of Mathematics consists of Arithmetic, Algetnra 
as far as easy quadratic equations with questions involving, 
their use, Cieometry to the extent of the first four boe^ 
of Euclid, with simple deductions ; and in Mechanics thp 
requisites are “ elementary notions as to Velocity^ Aeoe*- 
leration. Force, Mass, Momentum, Work, and Em^y» 
Composition and Resolution of Velocities, AccelerAMoos^. 
and Forces in one plane. Moments and Couples in one 
plane. Centre of Gravity, or Mass-centre. Transtnission 
of Pressure in Liquids ; variation with depth of the pres- 
sure due to weight of liquids. Specific Gravity and mode* 
of determining jt. Preasuie of gases, and taws reiatfug 
thereto. Atmospheric pressure. Common instrpme^ 
and apparatus whose action depends upon the presiure 
of liq^uids, or of the atmosphere, or both.'’ In addiction 
to this, the candidate must take up either Chmiatry, or 
Heat and Eight, or Electricity and Magnetism. 

Now you will observe particularly two things ibout 
this ^escribed course* Firstly^ tire camlidat^ in isdi 
po^ to have any knowledge of (Ive ftftb and eiMk 
of Euchd, and therefore no knowledge of the 
relating to the ratios of Uneaf or othef 
secondly, that all knowledgeof Trigbnotftetry kt 
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What boy with this sJender knowledge of pure Mathe> 
^matics is likely to have a correct notion of tne natuve of 
Acceleration ? And, without knowing the meaning of a 
sine or a tangent, to what can his knowledge of the 
^Commsition and Resolution ^of Forces and of the method 
of taking Moments amount ? 

A course of reading in Mechanics and Hydrostatics, 
i^cially constructed so as to avoid Trigonometry ana 
the sixth book of Euclid^ is a curious object to contemplate. 
It reminds one of a number of large boulders thrown out 
into a stream, with ^painfully and dangerously wide Int^- 
vak between them, their tops barely above the water, to 
wM% a man to get across by a series of courageous 
jumps ; and, as in the case of such a traveller, not all the 
cation nor the acrobatic deftness of balancing on the 
point of one foot which he possesses will prevent him 
from tumbling off his Aimsy and rickety sujpports, so in 
the case of the student for whom knowledge has been 
padked up into a number of scientific boluses, it is im* 
possible to avoid the acquisition of erroneous notions and 
fallacious rule-of-thumb principles, which, assimilated 
thus early, have a strong tendency to remain rooted in 
the mind. 


In the case of my young friend I found it quite impossi- 
ble to impart anything that could with propriety be called a 
knowledge of Mechanics without the aid of Trigonometry. 
In the Composition and Resolution of Forces a few 
questions made specially to order, which usually depended 
on the facts that the sine and cosine of 45’ are equal, 
and that the sine of 30^ is | — although, of course, the 
mention of a sine or cosine was inadmi ssible --exhausted 


the field ; and the same restrictions were imposed on the 
treatment of Moments, so that I was obliged to abandon 
the task, and to insist on a sm^ill knowledge of Trigono- 
metry and the sixth book. 

In such a cramped and sturrted knowledge there is 
nothing of spontaneity, nothing of power, but much of 
danger. It is far better to give no encouragement to it, 
to a«^er the attempt to study the elements of mathematical 
physics until the old and well- recognized branches of 
elementary pure mathematics have been studied with 
some thoroughness. 

The want of thoroughness which seems to me to be so 
prominently characteristic of our works on mathematical 
physics aometinies exhibits itself, quite unconsciously on 
an author’s part, in a ludicrous manner. It may, perhaps, 
be best described as ** Calculus dodging.** For some 
curious reason, which I have never discovered, it has 
been generally assumed that a student can possess a very 
extensive knowledge of the results and principles of 
Dynamics— of the co^osition and resolution of forces 
and couples in three dimensions, of the principle of work 
and energy, of the nature and properties of tubes of force. 
Potential, &c.— -without any knowledge of the Differential 
or Integral Calculus, litis is, surely, a piece of self- 
deception. The processes of differentiation and of 
olcm^lary integration are not difficult of acquirement, 
-and it seoms to me that they ought to be studied before 
^fh kn extensive inroad is attempted into Dynamics. 
Rat, iwesuming that such knowledge is not possessed by 
the reader, we find the author pcrforniing such an 

iwiyretietti jfor example, as that of ^ between specified 

jimks by a process which mustatrike an intelligent student 
as at once most ingenious and most unnatural. Special 
dev^ exhibited ^ for this occasion only confer no inde- 
Pfmftept pow^ dtt the stadem, and. moreover, require j 
mm .to possess an amount of abslky which would be ! 

^ sttceessfaltyem^yed in acquiring 
0/ CalcdUis is 

M b. Mid, I OiMi, that a 

la eappM of bnde^^ the notions Invoiced 

sp^kl artificial 


methods employed by the author ; while in the case of a 
student for whom such methods are necessar>^, most 
probably the notions are unsuitable, and the method of 
proof is apt to puzzle him with what seems to be mathe- 
matical jugglery. 

If more time were spent in teaching the mathematical 
principles on which quantitative physics depends, there 
would be less need for such methods, and in the long run 
the student of physics would be a gainer. 

But, while advocating a more thorough and leisurely 
study of the elements of pure mathematics before the 
study of physics, it seems to me that many of our 
elementary text-books in mathematical physics mal^e the 
mistake of occupying the student*s attention with 
questions which, being far removed from physical reality, 
and being, in fact, merely disguised mathematics, had 
much better be omitted. We should make the effort to 
make our works on physics as physical as possible, to use 
Mathematics for the sake of Physics, and not vers^,- 
and it is time to recognize that the field of physics is now 
so extensive as to supply subject-matter lor calculation 
and for illustration of mathematical principles, and to 
permit us to curtail greatly the space which is now devoted 
to things comparatively useless. 

Let me take one or two examples. Is anything gained 
by teaching students the very numerous properties of the 
curve which a particle would describe if it were projected 
with any velocity, under the influence of gravity, if the 
Earth had no atmosphere 'f 

Again, let us turn to any work on Hydrostatics, and we 
arc certain to lind a very large number of mathematical 
trivialities. I say nothing of a number of liquids, whose 
densities are in some kind of progression, superposed in 
very fine tubes of peculiar shapes. These are htu'mless ; 
but what about that notion of w/to/e pressutt on a curved 
surface — the sum of all the normal pressures, or, more 
strictly, the surface-intqgral of pressure over the curved 
surface ? 

Numerous, indeed, are the mathematical problems to 
which this notion gives rise ; but what about the physical 
idea involved ? It is easy to comprehend the trouble which 
a teacher lays in store for himself if he practises his 
students in the process of adding together the magnitudes 
of a number of forces whose lines of action are in all 
directions in space. And remember that, in most cases, 
very few students who are taught to calculate the whole 
pressure of a fluid on a curved surface will subsequently 
learn that a similar process has a physical meaning only 
in the case of the normal flux of Newtonian gravitation 
through a curved surface. Let us see, however, the 
physical nieaning which is actually attributed to the whole 
pressure of a curved surface by the author of one of our 
very elementary text-books for students. The following 
is the literal statement i--*' It should be observed that 
these pressures act in different directions, the pressure at 
each point being perpendicular to the surface at tliat 
point. The whole pressure is the sum of all these 
pressures, and represents the total strain to which the 
vessel conuining the fluid, or the body immersed, is 
exposed.** Now In this statement, besides the addition of 
the magnitudes of a number of non-co planar forces, we 
have the misuse of the term strain and the completely 
uaintolligible expression “total strain** of the vessel 
And, in illustration of this definition, we are given the 
following example : “Showthat if a sphere or a cube be filled 
with liquid, the total strain to which it is subjected is three 
times the weight of liquid it contains.** You will, I 
hope, agree wl% me in holding that such teaching is in 
the chupree erroneous and objectionable, and that 

the eflorts of those who have to teach should be directed 
against it. 

So far as my observation goes, the principle making 
Physics a mere disguise— and a very unskilful one— for 
pure mathematics is much too largely adopted by writers 
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on fnathemiitrcal physics, with the result that many 
students receive wery insufficient practice in acquiring and 
developing physical conceptions. 

To t^iis cause, also, must be attributed the fact that 
prodciency in mathematical physics is a much rarer thing 
than proficiency in pure mathematics, the former being 
made, to such a great extent, subservient to the latter. 
Indeed it was not, I think, until the publication of 
Thomson and Tail's “Natural Philosophy” that the 
ancient problem -grinding system, which hindered the 
progress of exact Physics, received a severe blow, and 
Cambridge, under the influence of the ideas and methods 
of Thomson and Clerk Maxwell, produced a plentiful 
supply of physicists. 

But the good that was effected by Thomson and Tait is 
confined almost entirely to advanced students ; in the 
hands of those of a lower standard are still to be found 
text-books of the old sort, teaching Mathematics under 
the guise of Physics, presenting nothing but the dry 
husks of the latter, and, by inaccurate language, laying an 
early foundation of erroneous notions. Some people of 
the older school— not a few— express, indeed, a strong 
impatience with us if we protest against the use of slipshod 
and inaccurate language in our text-book.s. They tell us 
that we are doing the matter of nomenclature to death, 
and that, after all, we need not be very particular about 
the choice of exact terms. This is a most unfortunate 
attitude ; it is one, however, which this Association has 
done, and is doing, something to counteract. Surely it 
must be admitted that if the conceptions of Physics are 
presented to the beginner in erroneous language, there is 
a danger that in many instances these conceptions will 
never be properly acquired. And is not accurate language 
as cheap as inaccurate ? 

I know of several text-books still in the hands of 
schoolboys and others in which, in whole pages of 
answers to problems on the motion of a particle, velocity 
is always spoken of as so many feet, and acceleration also 
as so many feet— no reference being made to time^ and 
the fact that acceleration has a double reference to time 
being never mentioned. I assume it as evident that the ! 
progress of such students is seriously hindered and i 
delayed by such teaching. I 

If the writers of such text-books as those to which I refer j 
have reatiy clear and correct notions themselves^ they j 
ought to take pains to present them accurately to beginners ; 
who have td learn from them. Not to do so is to ignore 
the fact that a great deal of the difficulty of learning any 
branch of science is removed if only the student is started 
upon it with clear and correct notions as to the various 
entities with which the science deals, and with its fun- 
damental principles expressed in accurate language. 

Let us take, as another example of exceedingly errone- 
ous teaching, the following exercise— one of a great many, 
all similarly expressed— from a text-book still m the hands 
of beginners ; ** The time occupied by a body in describing 
uniformly a complete revolution in a circle, whose radius 
js XI feet, is i6 seconds, calculate the centrifu^l force 
which acts upon it. Ans. feet per second.'^ 

In this we have two bewildering errors instilled into 
the student's mind, viz. that force is measured in feet per 
second, and that when a body is revolving in a curve, it is 
acted upon by an outward normal force— the old time- 
honoured fallacy about centrifugal force. It is almost 
miraculous that any accurate scientific knowledge is 
acquired in spite of such fallacious teaching as this. 

I wish to emphasize this teaching about centrifugal force, 
because, no matter how often it is condemned and shown 
to be erroneous, it still flourishes in our scientifictext-books. 
In another elementary work which is extensively used^ we 
find the nature of centrifugal force more fully explained in 
the following manner, “ In order to keep a body moving 
in a circle, there must be a force acting upon it which Win 
produce a constant acceleration towards the centre, equal 


to Hence, if W be the weight of the body, P the 

r » 

pressure tending towards the centre, P 

of course, all right ; but then follows the mysterious 
statement, “ a pressure equal and opposite to P is some* 
times spoken of as the centrifugal force.” 

I call this a mysterious statement, because it does 
not tell us on what this pressure equal and opposite to P 
acts, or whether it really acts on anything at all or not, 

I We know, of course, that this reversed force is the reaction 
t of the moving particle on the agent or surrounding 
! medium; but how is a beginner to wiow this? Will he 
! not naturally fall into the error of supposing that it acts 
I on the moving body itself? Or^ if be possessed a little 
' intelligence, would he not ask, “ Why do you require me to 
j think of a force equal and opposite to one which acts on 
I the body ? 1 have nothing to do, when considering the 

‘ motion of the body, with any forces except those which 
- act on the body itself ; and why do you not ask me to 
consider a force equal and opposite to some of the other 
forces acting on the body— a force equal and opposite to 
I its weight, for instance? It would be just as sensible to 
’ do so, since this reversed weight is ibe body’s reaction 
against the Earth.” 

The only true reply to such a student is to confess that 
it is quite a mistake to introduce the conception at all ; 
but instead of this, we find that the discussion proceeds 
to encourage the erroneous notion that centrifugal force 
acts on the moving body by taking the case of a carriage 
, describing a curve of small radius. 

Now, what IS it that has given rise to this fallacy about 
; centrifugal force? Is it the fact, so often adduced, that, 
if we tie a stone to one end of a siring and, holding the 
I other end in the hand, whirl it round, we feel an outward 
force pulling the hand? But then, if we imagine the 
stone to be attached to an elastic string, one end of 
which is tied to the hand, while the stone is projected 
vertically upwards, the hand would experience an upward 
pull; and arc we thence to conclude that the stone is 
continually acted upon by an upward force ? 

Possibly the whole fallacy is traceable to D'Alembert, 
who gave us a sort of dynamical memoria tcchnica^ usually 
expressed in the words, ^ forces equal and opposite to the 
eflcctive moving forces of a material system are in 
equilibrium with the external forces,”— a very imperfect 
and misleading statement for the principle obviously 
contained in Newton's first and second axioms, viz,, 
** the mass-accelerations of the particles of any material 
system have at each instant tke same total component 
along any line, and the same total moment round any axis 
as the external forces acting on the system.” 

D'Alembert's fictitious reversal is unnatural and un- 
necessary ; and, in introducing fictitious forces and 
reducing the state of the moving material system to one 
of equilibrium, he ignored the actual state of afliairs. He 
should have faced the state of motion as it exists, and 
recognized the fact that the production and mainttening 
of a given state of motion requires the action of a definite 
system of forces assisting the motion, Instead of con- 
centrating his attention on something which would stqp 
the motion. It is this determination to fix the mind on a 
state of equilibrium, and to ignore the actual motional 
state that is, I think, responsible for the fallafy of 
j centrifugal force. 

! [Other examples of erroneous teaching with ^eg^to 
j centrifugal force, the confusion of work with horse^fowitt^y 
I &c.. were then given.] 

we must rememberi also, that a teacher who has eMi 
to correct the erroneous lax^age Of the toitt-hook ^ch 
be employs with his class is by no means certain' 
spiring confidencO in Ifimsetf and Cohvlnch^ Mi ni^is 
that the teaching Ol ^e authmr is at fa^t $ 
students, veiry unlike Prince Bismarck, have a 
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refticSt for jprinttr’s ink ; hence they are always disposed 
to ^lleve that the book is rights and if you tell them 
that an acceleration is not so many the book says 

it is— so many feet per second Jkr second^ they accept 
the correction for politeness or for peace sake, but not 
with any conviction. 

In addition to numerical calculation as an important 
aid in the teaching of Mathematical Physics, I would also 
advocate the employment of graphic methods of solution 
in cases in which exact solution is not possible. The 
^aphic method of solution is scarcely reco^ntred at all 
in our tei^t^books. Every text-book of Statics gives us, 
indeed, its modicum of graphic representation, which is 
usually exhausted in a bare and barren exposition of the 
principle of the triangle of forces and the polygon of 
forces^ which has long since become stale “ book- work/’ 
But thia is by no means what 1 advocate, I intend 
graphic solution at once as an aid to calculation, as a 
means of strengthening the student's interest in the subject, 
and as a representation to the eye of the possibilities and 
limitations of any particular problem under discussion. 

[The problem of the equilibrium of a camp-stool was 
then given as an illustration of the graphic method.] 

In Statics and Hydrostatics we have abundant instances 
of this kind, and their solutions by the graphic method 
furnish excellent practice for the ingenuity of the student, 
giving to each problem the interest which a vivid picture 
always gives, as well as strengthening his knowledge of 
the results and methods of pure Mathematics. 

The sum total, then, of what I have said with reference 
to our elementary text-books comes to this— that, while we 
are abundantly supplied with high-class scientific works 
of an advanced character, a corresponding improvement 
has not generally taken place in the books from which 
school-boys and other beginners have to learn ; that these 
books are often marred, not only by inaccurate language 
and fallacious teaching, but by a certain scrappiness in 
their mode of treatment which is encouraged by the desire 
of examining bodies to hurry through and skim over a 
large number of scientific subjects at the expense of a 
more leisurely study of the foundations of Science, 

1 should like, in conclusion, to say a few words with 
regard to the way in which the cramming of Science is 
encouraged by examinations. 

Wherever well* worn book- work is set at an Examin- 
ation, it is extremely likely that cram will find its oppor- 
tunity, and it may be impossible for an examiner to detect 
it Assuming that book-work must be set, 1 do not know 
of any reliable safeguard against cramming except vivd 
voce examination. But a zdvd voce examination which is 
made a part of the competition, and in which the candi- 
dates do not all get the same questions, is, I think, essen- 
tially unfair. Whenever such an examination is possible, 
its function should be to discuss with each candidate the 
several ^estions with which the written paper deals. In 
this way, when his knowledge of any particular question 
or method appears to the examiner or the written paper 
to be doubtfid, the doubt is very speedily settled one way 
or theotber. But, in the absence of such a corrective, an 
exandn^ who is, after all, dissatisfied with the candidate's 
working of any particular question, and yet disinclined to 
allow h^ no credit whatever, is obliged to resort (at least 
in loiany instances) to some systematic method of cutting 
W markS| and this method is not infrequently a system of 

apattipniar eatample« take a question which is some- 
«mss let ‘ at exaRdnatiems in Science— the method bf 
ddtem^ning W, the horisootal intensity of the Earth's 
^^gfieeic fbi^ A part of the process censists in the 
df the vmrations of a uniform magnet bar 
axis under the infiuence of the hbrison- 
Such a har it a compound {ifetiidulum, 
Jts involves s^ knowledgs of its moipenti,of 

oWfia and the integratioii of a differeniial equation of 


the second order. If at any instant B is the angle made 
by the axis of the bar with the magnetic meridian, the 

expression is involved in the equation. 
dt* 

Now, I know a case in which the whole of this process 
was crammed up by a candidate who, although be had 
a good practical knowledge of Physics, did not know how 
to resolve a force along a line, did not know the meaning 
of the moment of a force about an axis or of the 
moment of inertia of a body about an axis, and, of course, 

was wholly ignorant of the meaning of the expression 

Indeed, this last was a puzzle to him, for he always failed 
to place the two figures ** 2 " in their proper places. Yet 
the whole thing was crammed up with suthcient success 
to obtain credit for the question. 

In such a case as this an examiner may have very 
grave suspicions, but he may be obliged to give a large 
measure of credit, nevertheless. F requently the method 
of marking such an answer is something like this — the 

expression involves two two 2 's, a /, and a ^ ; if 

the candidate uses all these symbols, each in its proper 
lace, give him full marks ; if he uses all the symbols, 
ut one is misplaced, take off one mark ; if tw are mis- 
placed, take off luto marks ; and so on. This is of course 
an exaggeration, but it is the hind of system adopted — 
necessary, perhaps, but extremely unsatisfactory. 

Now a vivd voce examination of the candidate on this 
question would, in a few seconds, have decided his mark 
to be £ero. 

In cases in which the number of candidates is very 
large, it would seem to be impossible to apply a vivd voce 
test ; but there are cases in which it could be used, and 
used, I have no doubt, with good effect. 

The setting of book-work at examinations is, I think, 
much too frequent. It gives a hope of success to candi- 
dates who really have no vocation for a subject, but who 
load their memories sometimes with whole pages of work 
of which they understand almost nothing. 

Our examination system has its defects; but these 
defects are almost wholly due to the shortcomings either 
of individual examiners or of the directors of education. 

I have sp<jken of the excessive haste with which educat' 
ing bodies compel students to attempt the acquisition of 
a large and varied assortment of knowledge ; out I must 
not omit to add that the evils of examination are greatly 
aggravated by the prodigious haste which is imposed 
on examiners themselves in some public competitions. 
Nothing can justify a system which requires an examiner 
to lead over and determine the numerical value of every 
one of 1200 papers in little more than a fortnight. The 
thing is utterly impossible, and the results must be 
untrustworthy. 

But, whatever the defects of the examination system 
may be, I hold that the principle of examination is good. 

[Some of the objections of the writers in the Nineteenth 
Century were then dealt with in detail. Referring to the 
unsati^actory method by which professors and lecturers 
are now appointed, Prof. Minchin continued:—] 

Mr. Frederic Harrison says, Trust the teaclier ; trust 
him to teachj trust him to examine ; ” and I should say 
that, if we did, we should find our trust far more often 
misplaced than it would be by trusting wholly to the 
independent exmniner. If the teachers were always 
people who could teach, the case would be different ; but 
what is the mPthod of appointing teachers, as a rule, in 
E^land ? Feopfo make inquiries as to what scholar- 
ships, prises, and degrees have been obtained .at the 
Universi^ by a candidate for a teaching post ; but of his 
capacity for imparting successfully any of his own know- 
leogb tb others there does not, in most instances, exist the 
sU^teat proof ; and hence we are often presented with 
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' mtjAi lamentable teaching failures. Under these circnm- 
fittttces it would be ridiculous to “ trust the teacher, trust 
“him to teach, trust him to examine ; for, bad as 
'' examiners are, tisachers arc worse— partly for the same 
>r»asan as that for which white sheep cat more than black, 
\k. that ^lere arc more of them. 

A«kI is it not also vain to attempt to replace the 
Exammation system, even at the Universities, by a system 
of Thesis writing on son>e particular subject selected by 
the candidate, the Thesis being written by him- at home, 
ample opportunity for composing it out of works of 
Inference, or with the assistance of his friends, with the 
addition of a small make-believe of “original research?” 

We are told by one of the writers in the Nineteenth 
CffUufy that, under our Examination system, England is 
losing her intellectual giants, men who are a head and 
shoulders above their contemporaries ; but I ask is the 
writer aware that we have still among us Sir William 
'niomaon, and that we have orily recently lost Clerk 
Maxwell ? People who speak thus seem to think that we 
are to expect a crop of intellectual giants to sprout up 
like a crop of mushrooms, and to be ready whenever we 
want them. 

1 would say in conclusion-" let us retain Examinations, 
fnaike them tests of a knowledge of the applications of 
pnrzncrples, so that they will be real tests of intelligence, 
and not of cram ; do not make them so difficult and so 
high-flown as they often are ; and, finally, do not encourage 
the hurrying and skimming through a large number of 
different subjects, but make sure of the foundations by a 
more thorough and leisurely system of study. 


THE L 1 FEHH$T 0 RY OF A MARINE 
ECOlFFISm 


I. 


I T ks but a few years since the life-history of our most 
important marine food-fishes was involved in con- 
sidetable Obscurity— not only as regards popular views, 
but even in respect to the knowledge of men of science. 
Thus, few instance, in the years 1883 and 1884 the almost 
utuudmous Opinion of British fishermen was that our 
common feod-fiahes sought the shallow water of the bays 
and inshore ground generally for the purpose of depositing 
their eggs on the bottom. No observations specially 
bearing ^on this point had been made by British zoologists, 
add a scries had to be undertaken for a public inquiry 
then in progress— with a result which demonstrated bow 
exteative the reverse of the popular notion was. Again, 
certain comparatively recent authors on British fishes 
sf>efck of a common fish like the gurnard as spawning 
twice a year, whereas, after careful observation, no evidence 
in Support of this view has been obtained, The same 
obscurity veiled the larval and post-larval conditions 0/ 
most of the food -fishes, even G. O. Sars — m regard to the 
Jaetter stage— describing no intermediate forms between 
the tarva of 6 mm. and the post-larval «uge of 24 nwn. in 
^he cod, alnf>osc the only fish to which some attention 
tad been paid. 

On the other hand, our knowledge of the development 
«nd life-history of the fresh-water fisbes-^such as the 
eahnon, trout, and cirarr — has for many years taco well 
smderstoad— thanks to the labours of Louis Agassiz and 
Vogt in Switzerland, Coste and Lereboullet In France, 
flaneom in England, and Shaw in Scotland, on the 
toientific side, and of the noblemen and gentlemen of 
JPestbshire (ably seconded byRoben Buist) in connection 
whfa Stormont Field Bonds on the Tay, on the popular 
ah2e. *Miicb information has also been recently obtained 
by i>r. Day and Sir }. Gibscm Maitland at the •exodlent 
fXMKds of the latter at Bowfetoun. 


* ADifCwrM ddivered by Prof. W. C. MciiUo*h, KR.S,, at the Rmwl 
Zttfertnloe, on' Friday. Fehroary z, zSBg. y 


A short time ago, reding on experience derived feom 
fresh-water fishes, not a few imagined tta eggs of maribc 
fishes as readily visible and tangible objj^ts— poasUdy 
associated in their minds with certain practaoes in 
fishing, or it mav be with the manutactufe of caviare. 
Recent investigations, however, have shown that in most 
marine food-fishes the eggs are minute glassy eiiheres 
which float freely in the ocean. For a knowledge , of this 
fact we are indebted in the first instance to Prof C. 0 . 
Sars, of Christiania, a naturalist trained from boyhood 
under a distinguished father, and who, by a fortuiwte 
appointment to a fishery post in Norway, was , enabled to 
discover that the eggs of the cod, haddock, and gurnard, 
floated in the water, or, as we term it, were pelagic. He 
thus opened up a new field in the economy of the food*- 
fishes, which in a great maritime country like ours ought 
not to have remained so Jong unexplored. 

Lately, however, attention has been earnestly directed 
to the subject, and the labours of Cunningham, Brook, 
Prince, and others have made considerable advances in 
this department. 

h is now known that the great majority of our British 
marine food-fishes— indeed, all our most valuable kinds 
(including even the sprat and the pilchard amongst the 
Ciupcoids) produce minute eggs — as transparent as crystal, 
and which float freely throughout the water. . These eggs, 
moreover, are not all shed at once, as in the case of the 



salmon, but successive portions of the ovary become npc, 
and the eg^s then issue externally. If by any accident 
or irregularity— as for instance the confinement of a 
flounder in an unhealthy tank— this gradational issue is 
interfered with, the animal dies from the gi^at disteitrioti;) 
of the body caused by the pent-up eggs, In the cam ^f 
the cod this gradual issue of the eggs continues prpbably 
for a week or two, so that the progeny of a single flfth in 
one season may vary considerably in size. 

F rom the early months of the year onward to late autUBUi 
the sea off our shores thus abounds with pelagic eggs, 
those of the rockling, haddock, and sprat being 
the earlier forms, while the later include those of 
As indicated in the Trawling Report, and now supported 
by further experience, it w'Ould be a very difficult , 
indeed to arrange for a close time in the is to 

say^or a limited period during which the ^latujpe ^es 
might be permuted to spawn in peace. This, however, fe 
the i^se of individual species, such as fhc cod, more 
readily be carried out, so as to save the mature fishes at 
the spawning period. 

In a vessel of stiU sea-water these transpaitent utaty 
spheres rise at once on issuing from the fish, and 
stratum on the surface. Even the ripe portions Of 'OVastbf 
rraoved from the rejected viscera on a pier will sho^ the 
same feature^ and thus, indeed, they first came 
the lamented Lord Dalhousie at Anstruther. la theta^ 
however, th^ are seldom met with on the surface, taiOK 
tow-nets require to he sunk a fetham or two 
lurcj their specific gmvity being so little fess than ItaeM 
sea^ter that they are caniod hittaf and 

siwtehef -for ^Ke vc The sknch M ^ 
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cucr^nti in every direction. Some indeed are captured 
by nets jittached to the trawl-beam ; white 
with the large net of the St. Andrews Labor- 
tttte proved that a great number are carried in mid- 

Wbbh these glassy eggs issue from the female fish, they 
fertilized in the surrounding water-, so thu in 
British waters, at any rate, non-fertilization is ofie of the 
rd^t conditions in these pelagic eggs. It is indeed more 
hkdiy to happen in the case of the herring, which deposits 
it$ eggs in masses on the bottom, or in artificial circum- 
stances in tanks. The unfertilized egg soon becomes 
opaque and sinks, so that it is readily recognized. 

In this connection I would again refer to the notion not 
long ago firmly rooted in the minds of many— especially 
those practically engaged in fishing-^ihat ihefi&lies at the 
spawning season seek the shallow water in which to deposit 
their eggs. Now there is little in Nature to support this 
Idea. Shore-fishes, it is true, such as the lump-sucker and 
sea-scorpion {Coitus scarpius),(^Ci deposit their eggs there 
(and there cannot be a doubt that some of the masses of 
eggs thus deposited have been mistaken for those of the 
food-fishes) ; but the edible fishes proper, such as the cod, 
haddock, whiting, flounders, and others, appear to produce 
their eggs just where they happen to be feeding at the 
season, Their eggs are taken in chargee the ocean ; 
generally, and hence are independent of any imaginary ! 
protection or privilege pertaining to the shallow waters. 

I4<w^vcr it does not follow that the fishes of an inclosed 
bay * will increase of themselves. As in the case of the j 
plaice, in shallow sandy bays, it may happen that most of ; 
the large mature female fishes arc beyond the limits, the half- j 
grown or immature forms mainly o xurring within ; pelagic j 
ovatherofere must be borne inward, and still more the ' 
pelagic young, while the post-larval stages likewise migrate ' 
sfaorewi^s; a counter-migration of the older forms sub- I 
seque^tly taking place to the deeper water. Such bays, ! 
therefore, have to depend for their stock of fishes on the j 
unprotected off shore. If by any chance the latter waters j 
were depopulated, the inshore would seriously suffei.® i 
The minute size of the eggs of all the important marine j 
food-fhhe$ enables a fish like the cod, for instance, to pro- | 
duce an enornious number— probably about 9,000,000, as i 
against the i^,poo to 25,0000/ the salmon or the 10,000 to ] 
30,000 of the herring, both of which fi ^hes deposit their eggs { 
on thft bottom. 1 n the same way the very small eggs of the i 
dabjlWjovjde for a large annual increase of the species. j 
Tfej transrucent eggs, which, unless they contain a ' 
l^lobute.of oil, as in Fig. l, are difficult to see in some 
- mstaiices even in a glass vessel, thus escape (by floating ^ 
tliroughout the watet) the vicissitudes to which a purely ' 
surfasCedife would expose them, such as the admixture of ’ 
the Surface-water with rain, and tite attacks of gulls, ducks, 
apd other forms ; and they also are less at the mercy of i 
the active predatory races living on the bottom, not to j 
allude, to Ibe risks of being swept by storms on the beach j 
0^ Ca(ptiired and destroyed by the ground-rope of the | 
trawler* Nature* indeed, could have devised no method j 
more secure than this for the safe propagation of those ' 
valuable fishes which for ages hpvc peopled our waters, 
and I venture to say, with Prof. Huxley, will perhaps 
people th^m for ages yet to come* notwithstanding the 
per«(i$tettt efforts of man to annihilate them. 

observers, fbr exampte Prof. Ryder in 
ha ve attached much Importance to the oil-glpbulc 
are pelj^ic, but its bimyant influence has 
taver-estitetted, for ,wme contain no oil- 
IfWby erwhlfe the massive od^globules in the eggs of the 
caMteh’ haVe PO They fteat, as 
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their specific which is somewhat less than that of 

sea^ water. The moment fresh- water is added ^ they smk* 
as they likewise often do when transferred from Sk \*e&sel 
filled at sea into one containing shore- water. 

White immediately after deposition these minutesplittres 
are prone to accident from impurity and sudden changes 
in the temperature of the water, such would not seem to 
be the case after development has made some progress. 
Thus many living eggs will be found in odoriferous vessels 
brought from sea by the fishermen if the inclosed embryos 
have reached an advanced stage. Again, while carrying 
out some experiments on temperature (ar the suggestion 
of Prof. Huxley) during the trawling expeditions, I bad 
occasion to heat a test-tube containing some of the eggs 
of the flounder, so as to make them rush up and down the 
vessel most actively. Considerable lieat was applied, and, 
under the impression that the eggs were irretrievably in- 
jured, the tube was set aside. Some days afterwards, when 
explaining the naturcof the experiment to Prof Ewart, he 
noticed motion in the tube, and further examination showed 
that after all this exposure to heat the little flounders 
had emerged as usual, and were alternately flouting’ and 
swimming about in the water. On the other hand, severe 
frosts are fatal to ova crowded in shallow vessels, in many 
cases actual rupture taking place ; * and the same occurs 
in large eggs, for example those of the cat-fish deposited 
on the bottom of the vessel. 

Out of the little glassy sphere, after a longer or shorter 
interval (varying from a few days to a few weeks, according 
to temperature), comes a minute and nearly transparent 
fish which at first is often as passive in the currents as 
the eggs themselves^ It soon, however, uses its tail for 
swimming and its pectoral fins for balancing. Its shape 
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is somewhat like that of a tadpole, partly from the large 
head, but mainly from the great size of the yolk-sac, which 
contains a store of nourishment on which the little mouth- 
less creature, about 3 mm. long, sustains itself for a week 
or ten days. In this respect u somewhat resembles the 
young salmon, in which a much larger collection of the 
same food supports it for about six weeks amongot the 
gravel in the spawning- bed of the river, though a closer 
scrutiny reveals certain essential differences. Thus the 
store of nourishment in the yolk-sac of the salmon is 
taken up by the blood-vessels which branch in a complex 
manner over the whole yolk, whereas in the young cod, 
though the heart is present and pulsating, not a blood- 
vessel at first is seen, and none ever enters the yolk-sac. 
The absorption of this nouriahm;:nt therefore must take 
place by aid of the cells and tissues themselves, and there 
IS nothing specially wonderful in this, when the condi- 
tion in the endoderm of Hydra and other instances of 
intracellular digestion are considered. 

It has been mentioned that these minute and most 
delicate little fishes are nearly transparent, and this is 
more or less the case throughout, though in the majority— 
even before they leave the egg— points of pigment appear 
here and there in the skin, so as to give them a distinctive 
character* After hatching, these pigment-spots branch 
out in a stellate manner, thus becoming more evident, 
and it is found that in moat cases each little food-fish has 

* For BOttte ttirft dev^pment of ha« Eitfen studiwi by able 

o;h|^ on ib« Contintnl, by tiivuo* KAkpeep tfoeaRna, 
Konoogwyi K. Van nsoedoD. and Rnfiwk; in by 

Al«x. A(a«St. Rydgr, and Whitman ; white in our twn ooiumy. Rantoi|i, 
KlotUt Olomnf QBm, Prince, tuui Brook bnvo caniod out aitnOiur woBatchen. 
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its O^n. Thixsth# ^cod is known by its ibdr 
som«^t mipidnr black bands, the pigront on the haddock 
be^ less wfined, the wKitiitg by its canarv*yellowish 
hue, the gurnard by its chrome-yellow, the ling by its 
gatnbo^yeUow/the founder by its yellow and black, and 
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an oTive-bfown band fMisses from the tip of ^ s^ut ib.i^ 
line with the middle erf ^he esre, stra^j^ bstcfejgjd 
base of the caudal fin^rays. The (m 
bounds it inferiorly, while a domt stripe adth p ^ 
opaline lustre runs from the tip of the snout, < 
upper part of each eye to the tail, on which 
white, thus giving the fish a cbaracted||ic s|rpeeSM|^ 
The dorsal line from the brain backward is distlilmM 
by a narrow edge of dull orange^ or pale wnfUm 

relieves the colours formerly mentioned, and -the dengral 
effect is varied by two black specks in the^jlOf^s, WlW 
it is double the length {t\e, 6 or 7 


Fig. 3. — Flounder showing pigment in opo. 

SO on. All these hues, however, become greatly modified 
during subsequent development ; indeed, the pigment in 
no group of vertebrates shows more remarkable changes 
tMStween the young and adult .states than certain of our 
food-fishes. Thus for instance the cod is characteristically 
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Fig. 4.*— Larval cod with black spots or bands. 

Speckled in its tiny youth (Fig. 4), next it becomes more 
or less uniformly tinted, then the pigment groups itself 
somewhat irregularly on the sides (Fig, 5) ; thereafter it 
is boldly tessellated, subsequently blotched with reddish- 


Fip. 5.— Aggregations. of pigment in post-larval cod. 

brown, and finally in its adult condition it again puts on 
more or less uniform tints. The ling shows a similar 
series of transformations, the colours, however, differ- 
ing in their arrangement, being marked with gamboge- 
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Fig. 6,— Tosseflated condition 'of young cod (npirttopreparation). 

yellow in its larval, slightly banded in its early post-larval 
stage, then the body becomes more or les^ uniformly 
tinted in its post-larval phase, and the little fish is furnished 
with a pair of enormously developed and bright yellow 




Ffc. 7.*l.ong-ilcnittd pod-l«rvid ling (*nUrged), ‘ 

veDtral,fins (Fig, 7) — so different from the short ones of 
the adult It is next strips conspicuously when a^at 
3 .inches long (Fig. 8), thus affording a mat contrast to 
thetessellatA condition of the young coo. In this stage 



Fig. 8. — Young ling al out 3 inch«B long 

change has taken place in its coloration (Fig. 9}. Instead 
of being striped, the fish is now boldly and irregularly 
blotched*— both dorsally and laterally, the regt^ of the 
white stripe being indicated by the pa]e and oG^nefvhat 
scalloped area dividing the dorsal from the lateral) j^tebes. 
Fourteen or fifteen brownish blotches occur t)etween the 
pectorals and the base of the tail, and they are separated 
by the whitish areas, which thus assume a reuculated 
appearance, and both kinds of pigment invade the 
dorsal fins. Other touches of dark pigment on the fins 
and tail increase the complexity of the coloration at this 
stage. 



Fig. 9. —Young ling in the barred Btogc (about half napiml 4lke). 

Again, some species, like the gurnard, have pigment 
over the yolk-sac before they are hat^M, otiieim have 
not. The dragonet in its post-larval (atfd pelagic) |tage ' 
has its ventral surface deeply tinted with black pigiiieoti 
while in the adult (a ground-loving fish) it is white, TbO W 
Andrews cross in the eye of the post-Iarvil .^ 

Cottus (C. gua(iricomis\ is another 
(Fig, lo). No more interesting or more' 
indeed, than this exists in the whole range of roolci^ ; bilt 
the investigations need ships and hpats, with e^^peniivO 
appliances, as well as persevering work fpr JwmM 
seasons. We have only been able to open tho 




Flo. 10.— Mead of Ctf«w# quadrknfnis^ with Si, Andrewg avu In oFsA 


St. Andrews by the help of the Trawling Commis$io(& 
und^ L^rd Dalhousi^ and subsequently by the aid M 
the Fishery Board. It may be asked, Why is aU ^ 
remarkable variation in colour? Just for the 
reason that the young tapirs and, wild pigs are itripW^ 
the young red deer spotted— the adults in each 
uniformly tinted. Such features indicate their 
relation with ancestral fonhs haring these marics t and. * 
moreover, in the struggle for existence, sSuch variatic^ In 
tint conduce to the sSeW of the young. 

The viw of Eimer tikt the markings in animate W 
primitively longltudiftid woiffd not suit for many 
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for the yottne cod, line» aod Pleuronectids, and, 
poiiued this out from a studv 
fish HtloUs status the adult of which 
by ei^t loi^itudinat bands, while young 
; addition a row of clear transverse 

(nils tOHttnusd,) 


NOTES. 

aopoinit of severe illness of his child. Prof. Men- 
delejsff io^kaVe London early on Tuesday morning, 

veryifteatjly jfo the r^ttt those who assembled in the evening 
toh|a!irhlk^ 4 t^K^ Lecture, which was read by the 

Secretafy^ It ^vas announced that the dinner, at which the 
Felfows of the Chemical Society proposed to entertain Prof. 
Meudeleeff on Wednesday evening, would not take place, but 
that tho ^^noddent, JDr^ Russell, and Miss Russell would receive 
at the Gfp^eenor (Sallery on Friday evening, as before arranged. 

Ths Ladiee^ C^nvtrmiaKe of the Royal Society will be held 
on Wedneeday, June xp. 

Tre of the Society of Arts will take place at 

the South KeoMufton Museum on Friday, June i8. 

It has been decided that a statue shall be erected in honour of 
the late John Ericsson in Stockholm. His biography, papers, 
and letters will be edited by one of his most intimate friends. 
Colonel Chundt, of the American Army and Navy Journal. 

Dr. Oeorge Owen Rees, F.R.S., died at Mayfield, 
Watford, Herts, on May 27. Dr. Rees took his degree of M.D. 
ai <3^40# fo iSjy, and became a Fellow of the Royal Society 
fo l|43* ! 

It ia r«i|ttested that all persons having in their possession 
latUn ftefo th# late President of Columbia College, Frederick 
Ai JP. Barnard, wWl be kind enough to send them to Prof, 
Nkholsa Mtufuy Butler, Columbia College, New York, U.S. A., 
at theCr early tnnvenience. The letters will be returned after 
copies have Wen inade;^ 

diaXYoN PlAyi^AtR, who recently resigned the secretaryship 
of iWyal Commission of the Exhibition of 1851, has been 
Stieps^^ed by Major* General Ellis, Equerry to the Prince of 

Mail re^iorts that Dr. Burgess, Director of the 
Alrchkn||D|gl^ Survey of India, will come home immediately, 
and that be is retiring froni his appointment. 

TWa foiindation-stona of the Framjee Dinshaw Petit Labora- 
tOfypeSaktRific Research, in Bombay, was laid on April 8 by 
Lb^ '^fky. Mr. Petit, the son of the donor, explained that it had 
ApReaiid to his father desirable, in the interests of medical educa- 
tion, laboratory for scientific research in biological and 

should be established. He had long cherished 
IHewSi^io have the properties of Indian drugs investigated, and 
*»ad« known to medical students. The laboratory, which will 
opnoected with the Grant Medical College, was described by 
Lord R«gr as the only missing link in the educational pro- 
itrattune he had sketched out for Bombay. 

TOlb Line steamer Casfiant which arrived from Halifax 
4 'QifoeB»towft on Tuesday evening, reported having passed in 
Atlantic no fewer than thirteen large icebergs. The 
quite dose to one of theip pn Thursday last. 

"ViNk art jtfod to be able to report the publication of synoptic 
weatbd^ rtapi twice « day by the Central Physical Observatory 
at^St^ Cdjvsbutg, beginning with May i». The stations for 
WaWt ittfoTrtifctjlon Is given eatend froto the west of Ireland to 
Manntaina and western shores of the Caspian, and 
- , > 'Oea -Of riw i>riiiripoiiut&dh> 


from the nordi of Norway to the Trans -Caucasusi shnWing the 
weather-conditions at a glance, over nearly the whole Of Europe. 
The atmospheric pressure is represented by isobart, and other 
elements by dgurea and symbols ; the cha^ being printed on 
the back of the tabular reports, which have been issued rinoe 
1873. A general summary of the weather is given in Russian 
and French. 

j We print elsewhere a letter by Prof. Herd man on unusually 
large hailstones which fell at Liverpool on June 2. A corre- 
j spondent writes to us from Rock Ferry about the same hailstones. 

; “ Five minutes after they fell, ” says our correspondent, ** when the 
I rain had subsided, I examined some. They were then all quite 
transparent outside, and had a spherical opaque centre surrounded 
l)y concentric rings alternately transparent and opaque. Some 
were flat : the largest I picked up measured one inch by three- 
quarters of an inch, and a quarter of an inch thick ; its edge 
was very irregular. Others were more spherical in general 
form, but some still had rhombohedrat faces very well defined. 
It was half an hour before all were melted.” 

On April 30, about 7 a.m., an earthquake was felt at Soken- 
dal, in Dalerne, on the west coast of Norway. It was ac 
conipanied by a rumbling noise like distant thunder, going from 
east to west. The weather was clear and the wind north-west. 

Serious efforts are being made to establish a great National 
Home- reading Circle Union, and we are glad to learn that they are 
likely to be successful. One object of the Union will be to pub- 
lish courses of reading for three cl.'isses of readers — young persons, 
artisans, and general readers. The various courses will be 
approved by experts, and so planned as to interest and liberalize 
the mind as well as to convey useful information. Local circles 
will be formed under suitable leaders, and encouraged to meet 
frequently for the discussion of the subjects they have been 
studying. In many different ways the Union will try to aid the 
readers, and there can be little doubt that the scheme will be of 
real service to a very large number of persons who have often felt 
the need of guidance in their attempts at intellectual work. In 
all the courses science will receive the place which properly 
belongs to it, but adequate attention will also be given to 
, literature ami history. 

Does the cuckoo ever hatch its own eggs? Herr Adolf 
Muller answers this question in the affirmative, and has given in 
the Gartmlauhe a full account of a case which he himself claims 
to have observed. A translation of this account has appeared in 
the Ibis^ and is reproduced in the new number of the Zoologist. 

, The latter perio'lical prints also a translation of an article in 
I which Herr Adolf Walter disputes the statements of Or. MiiUer, 
who, he thinks, must have made a mistake. The same subject 
is dealt with in the June number of the SMorne Magazine by 
Mr. C. Roberts, who quotes from *'!ifoonomia” an interesting 
passage, in which Dr. Erasmus Darwin expresses his belief that 
the cuckoo sometimes makes a nest and hatches its own young, 
In this passage Dr. Darwin gives on extract from a letter of the 
Rev. Mr. Wilmot, of Morley, near Derby, describing an instance 
brought to Mr. WilmotN notice in July 1792 by one of hts 
: labourers, and afterwards closely watched by Mr. Wilmot him- 
' self, Mr. Wilmot was confident that the bird was a cuckoo, but 
I this is a point about which most ormthologists would no doubt 
{ like to have a little more evidence. 

I Everyone who takes the slightest interest in natural history 
I will be sorry to learn thst the kangaroo is in danger of being 
extinguished. Its skin is so valuable that large numbers of young 
kangaroos are killed, and high authorities are of opinion that, 
unless the process is stopped, Australians will soon have seen the 
tasft specimen of this mteresting animal. Mr. R. O, Salomon, one of 
the largest tanners in the United States, whither kangaroo-skin is 
Ohiefiy sent| urges that a fine should be imposed for the killing 
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of any kan|^roo whose fekin werghd Icfi^ than tftn-twelflths of a 
; and, from a note on the subject in the Zoologist^ by Mr. 
A. F. Robin, of Adelaide, we arc glad to see that a scrioui 
attempt is being ptade to secure the enforcement of this restric- 
tltm throughout Australia and Tasmania, and the proclamation 
of a close season between January i and May i. We must hope 
that the Australian Legislatures will understand the necessity of 
taking speedy action in this matter. It would be scandalous if, 
in deference to the wishes of a few greedy traders, they were to 
allow Australia to lose the most famous and most interesting of 
its characteristic fauna. 

At the concluding meeting of the thirty-first session of the 
Geological Society of Glasgow, which was held hast week, Mr. 
John Young read a paper on '* The Occurrence of Spines 
within Spines on the Shells of the Carboniferous Productidar/^ 
He said that, though long familiar with the spines themselves, it 
was only recently he had discovered the peculiar structure 
he was about to describe. He pointed out that the spines of 
the Productida: were. tubular, and referred to the varied opinions 
ejtprcssed by palaeontologists who had previously taken up 
the group for investigation respecting the functions of these 
spines. Mr. Young said he h.'id now discovered that within the 
lulwsof the spines, of at least four si>ecies, there caisted a barrier 
of small spines of microscopic size placed in the tubes just above 
the junction of the spines with the shell itself. These small 
spines were planted deeply within the walls of the large spines, 
and radiated to the centre of the tubes, varying from twenty to forty 
or more in number. He was inclined to belteve that the de- 
tection of thc're minute spines favours the view held by De 
Vemeuil, that the spines theroselve'* conveyed water to the in- 
terior of the shell. In illustration of his paper, Mr. Young 
exhibited under the Society's microscope several beautifully pre- 
pared slides showing the presence and arrangement of these 
remarkable “spines within spines.'* 

A new aromatic comixmnds of bismuth have been 

prepared Michaelis and Marquaidt. The first member 

of the serial bimnuth iri phenyl, Bi(CjI is a solid, crystallizing 
in two distinct forms of the monoclinic system, thus forming an 
example of dimorphism in the same system. In order to obtain 
it a quantity of the sorlium-bismuth alloy is first prepared by melt- 
ing 500 grammes of bismuth in a Hessian crucible and gradually 
adding 50 grammes of sodium in small pieces. The resulting hard 
alloy b then powdered in a warmed metallic mortar, and heated 
for two days to ido"* C. in an oil bath with an equal weight of 
brom-benzene, CgHcBr, a little acetic ether being from time to 
time addeti. The filtered product is afterwards distilled until 
benzene ceases to pass over ; water is then added, and the excess 
of brom -benzene distilled off in steam, the bismuth triphenyj re- 
maining behind unaltered. The cooled residue in the distilling 
fla^k is next extracted with chloroform, the chloroform solution 
separated and dried over calcium chloride. After removal of the 
greater part of the chloroform by distillation, the bismuth tri phenyl 
is thrown out of solution, by add ition of absolute alcohol, as a brown 
oil. On standing the oU scon crystallizes, and on rccrystallization 
from a mixture of alcohol and chloroform the bismuth triphenyt 
is obtained in beautiful long colourless monoclinic prisms of 
brilliant lustre. Ute prism angle of these crystals is 109* 40*, 
and the plane of the optic axes b perpendicular to the plane of 
symmetry. On the other hand, If pore warm alcohol be employed 
as the solvent, the crystals are found to be quite different, being 
tabular in habit, but atUl belonging to the monoclinic system. 
The principal prism angle b much less than that of the other 
fonAi being 100** 25', and the plane of the optic axes b parallel 
to the plane of symmetty. No difference of compoaitlon could 
be detected, bdt the meUing^polni of the prbmotic variety was 
ibhnd to be 7 $“, while that of the tabular form was 75^ Both 
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varieties are converted by concentrated hydrochloric afid ttK 
benzene and bismuth trichloride — 

Bi(CaHBb + 3HCi - -f BiCI*. 

In a similar manner two higher homologties of the 
bismuth iritolyl, BiiQH^ . CH3)a, and bbmuth trixylylfi m 
[CflHa . (CH,)sl3, were obtained by heating the bismuth sodium 
alloy with brom- toluene and brom-xylene respectively. Both 
form good crystals, but no dimorphism was observed, Fertiaps 
the most important property of the compounds is their affinity for 
chlorine or bromine, for by direct addition they take up two 
atoms of either halogen, wiih production of Contpottnds in which 
bismuth assumes its full pentad atomicity, thus snpplyiplg atl' 
additional proof of the similarity of bismuth to antimony, arsenic, 
phosphorus, and nitrogen. For instance, bbmuth Iriphunyl 
forms Bi(t;flH6)sCl^and BiCCJIslaBr^, the tolyl and xylyl com- 
pruuitts acting precisely .analogously. Not only is this the caae, 
l)ut with nitric acid they form dinltmtes of the lyt>e Bi(CeHs)j 
neutralizing two equivalents of the acid. It IS interest- 
ing to note that the preparation of these aromatic compound® of 
bismuth completes a wider series, for the preparation of Which 
wc are mainly indebted lo Dr. Michaelis and his assistants, as 
we are now acquainted with analogoas compounds of antimony, 
arsenic, phosphorus, and nitrogen. 

A viritR and a lizard in spirit were lately sent, for examina* 
lion, to the British Museum by Mr, R. H. RamsbolUom, 
Waterside, Todmorden, with the following remarks "ihi® 
adder w.is caught at Trowbers Warren, Sussex, on April 24, 
1889, about noon. It wa'^ kept in this bottle without spirit till 
the following morning, between nine and ten, when the bottle 
was filled. Immediately after this was done, the lizard (Whh^ 
is still in the bottle, and has not been touched) crawled otit' of 
the snake’s mouth, and was quite lively for a short time.” 
Commenting in the Z^oologitt on this statement, Mr, O, A* 
Boulenger point>! out that it includes three facts well worthy of 
record: (i) that vipers do occasionally swallow lizards, al- 
though their food normally consists of small rodents ; (2) thAt 
in this instance the snake did not avail itself of itn poison- 
apparatus in seizing its prey ; (3) that a heard retained life for 
nearly twenty-four hours in the gullet of a viper. ThC Haacd 1 ® 
an adult female, L'icerla vivipnnx. 

Amon(; the Goutenls of the new number of the Joura^ of th^ 
Anthropologic.-il Institute is an interesting paper, byMt!. Tv V* 
Shore, on the distribution and density of the old BritisAi ;pe^pi!db- 
tion of Hampshire. Miss Buckland has an instructive paper on 
the tnon unent known as King Orry's grave, in the Isle of 3 il|n, 
compared with tumuli in Gloucestershire, 'Fhere aw «diK> 
valuable papers on Australian message sticks and ttbrilsengili^ 
by Mr. A. W. Howitt; on social regulations in Metaneskif by 
the Rev. R. H. Codringlon ; and on the Nicobar islaoders^liy 
Mr. E. H. Man, The number contains Mr. GaltoaV PeftshltaO-' 
tial address, which our readers have already had an 
of hiudying. 

The ♦‘Medical Register ’* and the '♦ Dentists’ Rcgirter/* fbr 
1S89, have been issued. Both are published under the dlre^onj 
of the General Council of Medical Education and RegUtrafhm 
of the United Kingdom, ' V ^ 

The Cambridge University Press has issued a secondi edUibA 
of Mr. M, M. Patlison Muir’® “Treati®® ou the Frkmtplfi® of 
Chemistry,” In the preface, Mr, Muir states that the wJ^la^bfta 
been thoroughly revised, and that Book IL, dealing ^ 

chemical kinetics, has been entirely re-written. 

MfDSSRs. I^zsgsmaks akd Co. announce as nearly 

Physical and Cl>emical $mdiesin Roch^Metamoi^i^vj^^ 
on the Theais Written for the D.Sc. Desiree in the UnivSrJ^ W 
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LoftdoQ, by the A, Irvins* I/onfl.» Senior 

Science Masier ftt Wellington College. The same publiahm 
in fyreperatien wven new vohiTnes of their " Elementary 
Sdence ifftimals.'’ 

Tlftt Smitbsonian Institution fans published ti new edition of 
Mrt^Ftank Wigglesworth Clarke's '‘Tables of Specific Gravity 
for Solids ^nd Liquids." It is, in efiTecC, a new edition of Part 

of tlw work called The Constants of Nature." The tables 
in this " part ” Have been revised^ rearranged, and as nearly as 
possible brought up to date. The work is issued in England by 
Messrs. Macmillan and Co. 

Abb^ Armand Davkl, whose writings on the natural 
history of China are well known in France, is contributing a 
series of articles to Lt'S Missions CathoH^ues of Lyons on the 
fauna* of China. In the Hut issue that journal he completed 
tlte papers on Carnivora. 

Thr Puhlishirs' Circithr elates that a work entitled " The 
Ice Age of North America, and its Bearings on the Antiquity of 
Man," by Prof. U. F. Wright, is announced for early pub- 
lication by Messrs. Appleton and Co., of New York. It will 
be amply illustrated from photogmphs taken by various members 
of tire United Slates Geological Survey during the pat-t ten 
years. 

A WORK on the Island of Saghalin and its vertebrate fauna, 
by I>r. Nikolsky, has just been published. The author, a native 
of Astrakhan, is well acquainted with the fauna of the Altai and 
West Turkestan, and is known as the writer of an interesting 
work on the fauna of Lake Balkhash. In his new book he has 
utUued, besides his own collections, the very rich collections 
formed by the laic M. Polakoff. 

Mr. W. P. Collins has issued a catalogue of works on 
He claims to possess a more complete set of 
books on Diatoms than have ever been advertised in a 
bookseller's calalogue. 

We have received vol, iii., Part 4 (second series), of the Pro- 
ceedings of the Linnean Society of New South Wales, It contains 
the following papers : — Revision of the genus Hetaonyx^ with 
descrqHions of new species, Part r, by the Rev. T. Black - 
bum \ Diptera of Australia-^Part 4, the Simulidce and Bit>ion- 
idw, by Frederick A. A, Skuse (Plate xxxix.) ; further notes 
on Australian Coleoptera, with defcriptions of new genera and 
speclea, by the Rev. T. Blackburn ; contributions towards a 
knowledge of the Coleoptera of Australia — No. 5, on certain 
spedee beloiiging to unrecorded genera, by A. Sidney OHiiT ; 
dese^iptions of hitherto undescribed Australian Lepidopteni 
(Rbapalocera), by W. H. MUkin ; notes on Australian earth- 
worms, Part 5, by J. J. Fletcher; descriptions of Australian 
Micro^Lepidoptera— Part 15, CEcophoridw (continued), by E. 
Murick ; on simple striated hauscular fibres, by W. A. Has- 
well,; jqttipga from the Bkdqgical X^aborAtory of Sydney Uni- 
wdtf, by W. A. HaaweU ; Biptm of Auatrriia— Part 5, the 
Culid^, by Fredadck A. A. Skuse (Plate al.) ; list of the Aus- 
traliim J^al^dhtbycs, with notes on their synonymy and distri- 
baUon, Part 4, by j. Doqglas t)gilby ; a Uat of fhq birds found 
ill like county of Cumberland, N.S. W,, by A. J. North. 

, adiilitioiis to'tbe Zoological Society's Gardens during 
^ include a Grqy Ichnntunon {M^rptsits grisens) 

Mtvn India, beesenlod by Mra. Walter Boden; a Serval(AVA'j 
jrmribaev Mr. J<din Walker; an 
0 («iW d ) from America, a Red Brocket ( Cbrwnfy 

Coour^ from Braail, 

ak frooi British Gniatia» a Bra- 

iSpHnpirus pnhmsiHs\ a Blue- fronted 
n Yellow Hartgnest [Ca$siw p*r^ 


sicus) from South America, a Hairy Armadillo {Dasypuf vil- 
hsus)f a Pileated Jay [Cyanocorax pileatus) from La Plata, pre- 
sented by Mrs. Wolfe; a Diana MotkVey {Cercopithecus diana^ 
var. i^ita 9 ), a CampbclPs Monkey (Cenopithtcus camphelH 6 ) 
from West Africa, a Musanga Paradoxare(/’a/'a^f7.rMrMxai»«iafl^) 
from the Indian Archipelago, presented by Colonel Wethered ; 
a Nightingale {Daulias iuscima)^ British, presented by Mr. John 
Young ; a Bar-tailed Pheasant {Phasianus rerves*) from North 
China, presented by Mr. Charles J. Lucas ; a Yellow-headed 
QoviMxt {Conut'e jifidaya) ivom South-East Brazil, a Blue-and- 
Yellow Macaw {Ara ararauna), a Bluc-frontcd Amazon {C/iry~ 
softs tesfitfo) from South America, deposited ; an American 
jabiru {Myeftfiot ame^Hoand) from Para, an American Tantalus 
( 7'antalns loculator) from America, purchased. 


OUR ASTRONOMICAL COLUMN 
New Minor Planet. — A new minor planet, No. 284, was 
discovered by M. Charlois, of the Nice Obtorvatory, on 
May 29, 

The Spectrum ofxCyom.— A t the Wolsingham Ol>tcrva- 
tory, bright lines were seen in the spectrum of % Cygni on May 
10 and 21 ; Dj very plain. Confirmed by Mr. Taylor at 
Ealing. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 JUNE 9-15. 


/ XrOR the reckoning of time the civil day, commencing at 
^ Greenwich mean midnight, counting the hours on to 24, 
is here employed.) 


At Gremwick on June 9 


Sun rtsfi, 3h. 46m. ; souths, iih. 59m. o*6s. ; daily increase ol 
southing, n ‘6s. ; sets, 20h. 12m, : right asc. on meridian, 
5h. 1 1 ‘2m. ; dec). 22* 59' N, Sidereal Tiitte at Sunset, 
ijh. 26m. 

Moon (Full on June 13, I4h.’) rises. I4h. 4|8riw| eouths, 
20h. 35m.; sets, ah. 9m.* t right asc. ^ ^ftterklian, 


Planet. 

Mercuiy.. 


Mars . 


Saturn.... 
Uranus ... 
Neptune.. 


R^see. 

Souths. 

Seu. 

Right asc. 
on 

h. m. 

h. m. 

h. m. 

h. m. 

4 52 • 

■ 12 59 - 

21 6 .. 

. 6 1 1 ‘6 

2 9 . 

. 9 14 

16 19 .. 

, 2 26*1 

3 50 ,' 

.12 9 .. 

20 28 .. 

■ 5 

21 18*. 

. I 13 .. 

S 8 .. 

. 18 23-3 

8 28 . 

.16 3 .. 

23 3 «. ■ 

- 9 iS'S 

X 4 23 , 

. 19 54 .» 

1 25*.. 

• 13 7‘3 

3 4 • 

. 10 52 

18 40 .. 

* 4 37 


22 d N. 

u 53 N. 

23 47 N. 

17 7 N, 
6 28 S. 
19 8N. 


* IndictataR that the rising is that of the praeeding evening sad the 
seltirg that of the following morning. 


June. h. 

14 ... 9 ... Jupiter in conjunction with and o” 29' south 

of the Moon. 

t4 ... 20 r.. Mercury at greatest distance from the Sun. 


Vnviahk Stars, 


litf. 

RJt. 
h. m 

Bid. 


h. SD. 

T Cassiopeioc 

... 0 I7'2 .. 

5*5 li N. ... 

June 9, M 

U Cephei 

... 0 sa‘S •• 

8t 17 N, ... 

tt 

If 

9. 23 28 as 

14, 23 8 « 

R Geminorum 

... 7 07 -. 

a* 53 N. ... 

ti 

I 4 f M 

S Hydne ... 
U Hydrm 

... 8 47 * 8 -. 

3 a9N. ... 

n 

i2, Af 

10 12*1 ... 

ta 48 S. ... 

ft 

9 f w 

W Virginia ... 

... 13 »*3 

a4SS. ... 

tt 

io, 3 0 M 

S librm ... 

i:S IS'O ... 

19 59 S. ... 

ft 

14, m 

U Opbtufdii... 

... 17 10^9 ... 

I ao N. ... 

tf 

12 , 0 7 « 

X Si^ttarii... 

... 17 40 6 

87 47 S. ... 

fi 

Hf I 0 m 

Y SagUuriL<,. 

... 18 M *9 

18 55 S. ... 

ij 

2 0 M 

K Sagittarii... 

... tq ica ... 

19 30 s, ... 

If 

I 3 i M 

% Lyrae 

... id 46*0 ... 

33 U f*. ... 

f» 

13, 0 • 0 AT 

q Aquilte ... 

... 19 46 -8 ... 

0 43 N. ... 

ti 

13, 22 0 Af 

T Vutpeculm 

... m 48^ — 

a7 50 N. ... 

II 

r2, 1 0 m 

1 Cephei 

... la aS'i ... 
iirdgaiAesnari 

57 SI N 

mm; msofadanm 

to, 2 0 m 
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ILA. DmI. 

250 ... 30 S. 

NeurCCygni 318 ... 30 N. 

,, $ Piscium 345 ••• o -• Very swift. 


NOTES ON METEORITES > 

IX. 

Did these Swarms or Comets always belomg to tuz 
System ? 

T^UST we assume that the memlwrs of the swarms to which 
we have referred and of all the other swarms similar to 
it have always been thus crossing the earth’s orbit periodically ; 
that the November swarm, to take an instance, has ahvays been 
crossing it every thirty -three years ? Must they of necessity 
have started their existence with the planets and other more 
stable members of the system ? 

This point has been well inquired into, and it ib certain that 
it is not at all necessary that such a state of things should have 
estisted from all time. 

It is a matter of common knowledge that nil stars are in 
motion. The so-called ** fixed ” stars are not really fixed : they 
are only relatively fixed. The sun is a star, and Therefore like 
the other stars it is also in movement with its attendant bodies 
tn space. 

If we have a swarm of meteorites moving in space, as 
the sun is doing, at a very considerable distance from the 
snn, the directions of movement being not parallel but inclined to 
each other, a time will come when the two bodie-, taking the 
swarm as represent in;r one body, and the sun another, will begin 
to have an attractive influence on each other. If the attruptive 
ene^ of the sun is considerable as compared with that of the 
swarm, the swarm will becin to change its direction obviously 
towards the tuo. If, in changing its direction towards the sun 
and increikUig its velocity m consequence of this increased 
gTavitatfonal stress, that swarm can get round the sun without 
any loss of momentum the two bodies will say good-bye to each 
other and will go different ways ; but supposing there has been 
a loss of momentum the loss may mean that for the future the 
swarm of metemites must perform its journey round the sun. 

It does not therefore fqllow that when a particular group of 
meteorites has been watched for 900 years that these meteorites 
which give n^e to the appearance of shooting stars always formed 
part of the solar system. What we do know is that ai the 
pnstnt nunmfit this j>articular swarm to which the November 
meteors are due and another swarm which U called the Bicia 
swarm, to mention two instances, do really move round the sun 
in closed cometary orbits, and the chronicle of the appearances 
of both these swarms is so complete that very definite statements 
tn^ be made nbont them. 

With regard to the November swarm it is known that a 
thousand millions of miles of its orbit have been pierced by the 
earth in its successive passages through it since the year 902, 
each time the e.arth must have filched many millions of the 
small constituents of the swarm and used them up as shooting 
stars, and yet the swarm does not seem to be very much the 
worse, and enormous though the numbers are, it is known that 
the distances between the meteorites is so considerable that no 
obvious mutual gravitational effect can be noted, so that their 
combined or common movement is a clear indication of a 
eommon or^in. 

In the case of the orbit of the Biela swarm we know that 
more than half of it, or a length of 500 million miles, contains 
tltese meteorites ; a tong thin Tine, say a mile long and an inch in 
secUop, represents, according to Prof. Newton, the distributiqn 
of the meteorites along the orbit. 

The great Laplace was the first to suggest that many comets, 
espectaUy those of high inclination and great eocentricltieSi 
represented Introductions of matter into the solar system from 
external space. But on this, as on many other points, we owe 
^ present views chiefly to SchlapareUi, urUo, in 1867, attacked 

' Comiausd ftom Vtd. xxalxr. p. 400. 


the problem ^ in connection with his researches on the Noveihber 
swarm. 

He commenced by referring to the point made by Laplace as 
to the phenomena presented by cometary orbits, snjuesting that 
the planets are truly indigenous to the system ; ^ve ale^ye 
i^oHowed the sun in his movement throtmh space ; and had taken 
part in all the evolutionary changes which have finally brought 
the solar system to its present condition. In these characters 
common to planets the comets are lacking, while the eccen- 
tricities of their orbits geuemlly is so great that the greater part 
of their journey is performed outside the known limits of our 
: system. Schiaparelli considers that these facts demonstrate that 
I the comets were not members of the solar system during its 
I early stages, but that they are really messengers from the stellar 
void. Cloudlike masses wandering in parts of space where 
j there was no star sufficient to dominate them have fallen gradually 
under the empire of our own by the effect of their movement rela- 
tively to our system. This movement, combined with the accelera- 
tion produced by the large mass of the sun has determined the 
relative orbits of these bodies in relation to thesun, which is veiy 
. different from their absolute orbit in space. He next examined all 
the circumstances of the movement of the external mass under 
these conditions. First, there is no doubt that the movement 
of the solar syslem in space is comparable to that of the 
: planets in their respective orbits, while it is possible—indeed 
certain — that many of the stars arc in more rapid movement 
than our sun. Hence when it is affirmed that the relative 
' movement of the sun and of other bodies disseminated through 
^ space is comparable in rapidity to the orbital movement of the 
planets, the .statement is not a surprising one. 

I That being so, let us next supp.ise that one of these 
j cloudUke masses— let us call them external swarms— wander- 
j ing in space in consequence of its initial movement, penetjratea 
i eventually into a region where the attraction of the son is 
I much greater than that of any other star. It might be situated 
I at a very great distance from the sun, where the annual 
I parallax is only a small number of seconds. The relative move- 
I ment will take place in a conic section. To define it, let us 
I suppose the sun stopped, and let us give to the comet, instead 
I of Its real velocity in s])ace, its relative velocity to the sun ; and 
I let us further imaijine a perpendicular dropped from the sun in 
i the direction of this relative velocity. It is evident that the area 
I described by the comet round the sun in unit lime will be 
I equal to the half of the product of this perpendicular by its 
1 relative velocity. 

I No\v a.s in general this velocity is of the order of planetary 
velocities, and since moat frequently the perpendicular in question 
, will be very much greater than the distance of the planet from the 
sun, we must conclude that the areas described by the comet round 
the !mn in unit time will be incomparably greater than the 
corresponding areas described by the planets. But when many 
, bodies move m conic sections round a centra) body, the areas 
I described in unit time are, among themselves, as the square 
; roou of the parameters of their respective orblta ; therefore, the 
j ratio of the parameters of cometary orbits to those of f^antttary 
. orbits will l>e much greater than the ratio of the areas desertbed 
I by comets to the areas described by planets in UQk tkne. 
j Whcnci it follows that, in general, cometary orbits wHl have 
I enormous dimensions in every direction, and that bodies whldh 
I describe them will remain j^erpetuolly invisible to us, in con- 
, sequence of their enormous distance. Nevertheless, among the 
I infinite combinations possible in cometary ofblts, there ore 
which may bring the cometary cloud within our ken i one, wl^ 

; the comet is moving directly towards the sun, describing u 
1 hyperbolic orbit verv little different from a right line ; and the 
; Other, when the relative movement of the comet and sun is 
I almc^t zero, that is, when the two bodies are movihg 
I «hc *teUar space along parallel Unes with nearly equal 
j Schiaparelli then goes on to show that wW theM coomio 
clouds are attioctod by the centre of our system, the 
stituent particle, of the cloud muit be drawn out into » nttn- 
bolic current ; thus, for instance, ouppoting a oosmic doisd mmI 
in volume to the tun and at wch a diatanoe that itf MMMnt 
diameter it i', the sun's attmetion upon thh would mm inSie 
fonnatioD of a pmbolic chain or ttream of sooh a kMth SiM 
It would require 636 ymn to pan through twtfbdionl^Whali 
theatre wMcIne to the rtn, th, begini^ ifid tb, «nd dTS 
would be dittonl from It 063 times the eori^ diktoow Awn Si| 

. £« 3 r««ku,vol. 
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Thienj we nebulae of which the apparent diAmeter 19 greater (a) We next assume that a comet's luminosity is to a large 
thimthatof Iheaon. If we assume such a nebula, wUh the extent produced by collisions of meteorites. 

SttttV apparent diameter, 1924”, it would be transformed into 3 t is certain that one of the principal causes of tlw incite of 
a paraboHc chain which would require 20,000 years to pass temperature of a comet dunng iu approadt to perihelion U the 
perihelion, its transversal dimension still being such that the increaved number of collisions due to the greater tidal action 
earth could traverse it in one or two days at the most. In this way, which takes place. Hence the larger the swarm, the greater the 
then, Schiaparelli shows not only that external swarms can be difference* between the attractions of the sun upon opposite sides 
attracted from external apace into our system, but that when so of it, and therefore the greater the disiurhance set up. Also, 
drawn out their constituent particles must lake the form which the shorter the perihelion distance, the greater fraction of it is- 
we know such swarms as that of November to possess. the diameter of the swarm, and the greater therefore the 

More recently this subject has been treated by Prof. H. A. | differential attraction. 

Newton, and some results at which lie arrived have been thus ; The initial movements of the individual members of the 
utated by Prof. A. S. Herschel : — * : swarm, and ihepe superadded by tidal action, may be defined as. 

^'The evidence so strongly and distinctly shown in favour of i producing iniemal work, 
the theory of the original motion of most, if not of all, of our If all ilie heat of a comet is produced by such internal work,, 
recorded comets in spaces far external to the solar nebula, rests | it is clear that the temperature of the comet will depend (1) upon 
upon the assumption that the comet-yielding matter of the I the velocity of orbital motion of the particles, (2) upon the size 
primitive nebula, if it existed, was confined, like that which . of the swarm of which it is composed, and (3) upon its perihelion 
formed the planets, to the neighbourhood of the ecliptic plane. ' distance. It will practically be independent of the velocity of 
This ground for the conclusion may admit of an exception that a the comet in its orbit round the sun. 

similar distribution of the inclinations of the orbits to that which If the luminosity due enlirely to internal collisions brought 
Laplace's hypothesis requires, would have been produced were about by the increase of solar action, then laige comets, 

this matter otherwise spread uniformly on a very distant sphere, or those best visible, should begin to be brilliant long before 

instead of in the distant portions of a disk or annulus. But the j smaller or more distant ones. But this does not seem to- 
plane of the planetary motions in the solar system, and the be so. Mr. Hind has pointed out that proximity to the 
analogy which they present to spiral and disk like nebul® in the earth is not so important a condition for visibility of a comet 

heavens, scarcely allows us to as-ume with reasonable prol^ability in the daytime as close approach to the sun (Naturk, 

such a different disposition of the matter of the outer part of the vol, x. p. 286); and M. Kaye is the authority for the statement 
nebula from what Ine courses of the planets show ua must have i that iu» comet has been seen beyond the orbit of Jupiter {ibid. 
been its original mode of distribution and of gradual contrac* ; p. 22S). “It is as.suredly not on account of their smallness 
lion near the centre ; and wiih no evidence before us of the past i that they thus escape our notice in regions where the most dis- 
or present existence of a distant spherical envelope of nebular { tant planets, Saturn, Uranus, and Neptune, shine so clearly with 
matter inclosing the solar system, we may certainly prefer to j the light which they borrow from the sun ; this is because the 
accept, with Prof. Newton, the much simpler conclusion to ; rare and nebulous matter of comets reflects much less light than 
which he is finally conducted by his well-executed labours, that, ' the solid and compact surfaces of the planets of which we speak, 
with the exception of a few, perhaps, of the zodiacal comets, | much less even than the smallest cloud of our atmosphere.'* 
and comeU 01 the shortest perio<U, all the comet .s which have ' On the latter part of this quotation it may be remarked that it 
been recorded are originally denizens of the interMellar spaces, | >* not necessary to assume that comets at a great distance from 
pursuing unknown orbits like (he stars, and separated at least ; the sun, any more than nebulce, are visible by means of reflected 
and dissevered in their primitive astronomical relations from any ‘ light. 

connection with the nebular matter which, in the process of | Another possible cause is that of collisions with bodies external 
concentration supposed by the nebular hypothesis, formed the i to the comet. If external work is done on a comet by meteorites 
sun, the planets, and the asteroids.” j in space—that is to say, ifihere are collisions with external bodies. 

I — the velocity of the comet must be considered in the first place, 
Most Comets HAVE ONCKKXiSTKiT AS External Nf.bui.a». and the equal or unequal distribution of the masses which it 

. encounters can )>e test^ by the phenomena observed. 

We now come to an important que^ii ion : wc have noted the xhc discussion of the recorded obseivalions shows, indeed, 
extreme probability that the cornels which now form part of the that in addition to the constantly increasing action which takes 
^ar system did not always belong to it, but that they were place in a comet during its approach to perihelion passage, thcro 
dra^n into it by the sun % attractive energy m Us course through \ ajg at limes temporary incr^es in temperature, 

regions of space which contained the meteorites of which they i We know that meteorites arc scattered through space, and 

are composed. .1 and there are gathered into swarms. It is only to be ex- 

Then, instead of considering the case of a cloud of meteorites j pelted, therefore, that at times a comet will meet wiih such 

at a gre^ distance from the sun, we have lo consider one moving swarmS just os our own planet does, and in that case its tem- 

in an orbit round it ; and we must attempt to inquire into the . |,>6i’ature would be increased l>y ihe collisions which would occur, 
conditions of that cloud, both before and after it began to fall | The increase of temperature would depend upon (i) the dimen- 
under the sun s attraction. Into wlwt conditions must we ia- ' density of the swarm ; and (2) upon its velocity. The 

quite in 1^ compare comets with external swarms ? They | larger and denser the swarm the more collisions would be likely 

are mainly these— . f to occur, and the greater the velocity of the comet, the greater 

(l) It is agreed that a comet is a swarm of meteorites, each the amount of kinetic energy available for transformation into 
meteorite^ being on an average far from its neighbours. Thi-s ^cat energy. 

fallows from an inquiry into tne masses of comets. These are jf assume that the increased brightness of comets as the 
very wnall. for they have never been known to appreciably jg approached depends to any extent on collisions with 

disti^b any of the planets, or even the satellues, by their meteorites external to the swarm, we must conclude that such 

gravltatitmal attraction. meteorites exist nearer together nearer the sun. This we should 

In 1776, Jupiter and his satellites were entitled in a comet, expect, A test of this view would he great and irregular varia- 
yet the saiellto pursued their courses as if the. comet bad no tions of intensity, as we know that the meteorites which the 
i^ki^enoe. ^e comet itself^ however, was thrown entirely out comet is liable 10 meet are not equally distributed. Such a 
of ^ the gravitational influence of the enormous mass variation was noticed in Sawerihal's comet in 1888, amounting 

of Jupiter, anrftts time of revolution changed from a long penod to three magnitudes (Nature, vol. xxxviii. p. 258) in two days. 

^ of twenty years or w variations, however, would be more likely to be observed- 

Wela s fiwt seen m 1826, appeared as a double ropiet Jd tails in consequence of the enormous dimensions of Home of 

TJe extreme IlghtnesB of the two y^rtions ww shown them ; and fndOed they have been observed from the time of 
by m fact that thew mutual attraction was imperceptible, and. Keplet 

^peifcrnt^ U« revolatio* Independently of Ae other. that these variations so strmgly resemble at times 

Ttien^s^ a commit probably never exceeds k/50c» of that of auroral displays Is an additional argument in favour of the 
*Hiy |gobe. The meteorites composing them must therefote be meteoric ormin of the latter* 

tmaU mass is distributed through AnotbeV result of a different order produced by a comet moving 
iwmon* m miiles in extent. through a meteoric plenum would be the gradual shortening of a 

) ATae/ejy vul. jocxla. p, *79. comet's periodic time, and this shortening should not be abso- 
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regular, as in a homogeneous gas, for the reason that the 
tneteorites are not equally distributed. 

That there is such a shortening was proved by Eockc for the 
«oznet which beai^ his name, as the following table will show i — 



cf Snek/s sk^&wing Pen 

Jimoiuiiemt * 

ObBCTved PrrwU 
ot K.evol(tdon, 
days. h> ni. 

From 

1786 to 1795 three times 

1212 15 7 

n 

179s 

II 1805 ,, ,, 

12U 12 0 


ifes 

,, 1819 four ,, 

1212 0 29 

n 

1819 

„ 1822 

1211 15 50 

II 

1822 

>. 182s 

1211 13 12 

1) 

1825 

.. 1829 

12(1 10 34 

11 

1829 

M 1832 

1211 7 41 

>) 

1832 

.. 1835 

I2II 5 17 

11 

1835 

.. 1838 

121 I 2 38 


1838 

,, 1842 

1210 23 31 


1842 

1845 

1210 21 7 : 

*1 

184c 

„ 1848 

1210 18 29 ' 

-11 

1848 

.> 1852 

1210 17 2 j 

■»! 

1852 

.. «855 

12(0 II 17 1 

11 

1855 

1858 

1209 13 41 ! 


T>iffefenc«. 
h. jh. 

i 3 7 

i u 31 

* 39 
i » 3 » 
t a 38 
I 2 S 3 
2 24 

2 39 

3 7 
2 24 

a 38 
I 27 
5 45 
21 36 


Here, then, we have three possible sources of collisions In 
-any case, if any light be produced by collisions, w’e have the 
spectroscope as a sure guide to enable us to determine its 
^nemical origin. 

We have already seen that the telescopic a)ipeRrancc of a 
comet when far away from the sun and when close to it are very 
'different, We must now intn>duc« the verdict of the spectroscope. 
it was observed by Dr. Huggins in the comets of j866 and 1867 
that when they were very far away from the sun thes)>octrum con- 
sisted chiefly of a line seen in the spectrum of those nebulae which 
he bad up to that time cKnwiiued. Unless, then, Dr. Huggins 
“'hM withdrawn this observation, there is a connection 

'1>etween nebula? and comets away from the sun. 

The phenornenn of comets revealed by the telescope show, 
as we hsve seen, that as a matter of fact a good many of them 
seem to be connected in some way or other with the production 
of luminous concentric or'occentric envelot>cs. 

In the case of a emnet gradually getting nearer the sun, and 
getting very excited as it gets there, we pass from the spectrum 
already descril»ed to a very different one. There is a consider- 
able change similar to that observed in experiments with 
^meteorites, the spectrum of carbon produced ftx>m some coni- 
fKiuod of carbim or another. In nineteen cases out of twenty 
when the comet gets near the sun and near enough to the earth 
itfbr us to have' a good look at it, the spectrum is a spectrum of 
'Carbon. 

On its first appearance in a cometary spectrum, carbon is re- 
presented by the flutings Which are special to low temperatures. 
In the most visible part of the spectrum these flutings differ very 
little to position from those which appear at a higher tempera- 
ture, bat in the blue there is a low-temperature fluting about 
wave-fei^th 483, whilst the nearest high' temperature fluting U 
474. If, therefore, this fluting be observed, the presence of cool 
■carbon may be safely infenrea, although it would not Iw ^aite 
aafe 10 infer ii'^ presence from observatTona of the green flutinga. 
Thh has certainly been observed in two comeU— namely, 
Wlanecke's comet (f8fl8) on June 17 (the perihelion passage 
occurring on June 24}, and in Brorsen’s comet (1879) on March 
as (the perihelion ptasoge occurring on March 30^ The limited 
t^timber df recorded appearances of cool carbon in oomeu is doubi« 
leas due to the tame cause as in tlm case of the line near k 500, 
which Dr. ascribed to an unknown form of mirpgep, 

while I ascribe it to magnesium, since we know that there is 
mmgoesium in meteorites, and we do not know that there is an 
tiBiknown form of nitrogen. The reason U that the temperature 
beittg low, the light isexcesoively feeble and observations tVerefere 
-difficult. When nearer periheMoy passage, the comets get hotter, 
«nd the spectrum of cool carbon U replaced by that of hot carbon, 
lender these oondHtons of increased temperature, comets lend 
themsdw best to apeetfoxmpic study, and hence U happens 
that in the majority of cases the spetknim of a comet (If the 
tempetatm^ be increasing) has oot been observed uatil it has 
^arrived at this stage. 

Moh^nwds the ztxi subsunce which writes its record in the 


spectroscope. It ia first represented by a fluthag at 558^^ wliki^ is 
the brighteat fluting in Us spectrum at a Tow tempe^te. 
This fluting is very persistent, and becomes visible eVen when 
there is oi3y a very amall percentage of manganese present ih 
the substance examined. The fluting is always seen nefbre the 
iron lines in the spectrum of ordinary iron at the tempototute of 
the oxyhydrogen flame, and this is the case even with the 
specimens of electrolytic iron which has yet been prepared. The 
effect of the addition of this fluting to the spectrum of carbon 
is to modify the appearance of the citron band to the oometary 
spectrum in a very definite manner. 

Ala fttill higher temperature, the radiation bf lead is added 
to that of manganese and carbon, which still further modifiea the 
appearance of the citron band. The brightest lead fluting is at 
wave-length 546, and when this is present in the spectrum of a 
comet the citron band has three maxima of brightness, one at 
564- (carbon), one at 558 (manganese), and one at 546 (lead). 

Afterwards, the temperature having increased, the radiations of 
manganese and lead give way to the absorption Outings of these 
substances, carbon radiation from the interspaces still remaining. 
The result is again a very definite modification of the i^stpear- 
ance of the citron cometary band, the general effect being an 
apparent shifting of the carbon fluting from wave-length 564 to a 
more refrangible part of the spectrum— 'namely, to 558, u hen only 
manganese absorption is added, and to 546 when boili manganese 
and lead absorptions arc added. 

Until quite recently, the variations in the position of the citron 
band in different comet*, or in the same comet at different 
periods, have been attributed to faulty observational, it being 
supposed tbat carbon pure and simple was in question. It is 
now certain, however, th.it this is not so in all cases. The 
variations are real, and are simply dependent upon the tempera- 
ture, or indirectly upon the distance from perihelion. 

In Some cases iron fluting alisorption has also been observed 
under these conditions of high temperature. 

The spectral condiiions brought about in the comets which 
in our time have got nearest to the sun weie very similar to 
those observed in the electric arc, and the recorded obter- 
vations of the spectrum show that we weie ckalifig with a 
considerable number of lines of iron, manganese, and other 
substances. 

We see in the telescope that a comet puis on the appearance 
of a central nucleus with surrounding envelopes or jets that 
we must understand that in the spectroscope the spectrum of 
the nucleus is .seen distinct from the spectrum of the envelopes 
and jets, Ijccause the former is made to fall upon one part of the 
sht of the spectroscope and the latter upon another. 

When a comet approaches very near to the sun wc get in 
addition to the usual mitings of caibon, bright lines, 

Mt’ spectrum <tf the nucieus^ so that in addition to ilie long fliuings 
of carbon as visible in the spectroscope we liave short lines 
added along the nucleus in the red, yellow, green, and so oA. 

In those comets which have reached a very high tempAralure, 
like Comet Weils and the Great Comet of 1882, there i» 
evidence of line absorption. At the same Lime there were 
bright lines, proceeding from the incandeacent vapoura dflvoti 
away from the metiroritic nuclei by the solar repulsion. Without 
this repulsion, it is highly probable that there would be line 
absorption pure and simple, and this has to be taken Into 
account in comparing the spectra of comets with the spectra of 
other meteor-swarms. 

Piiring the paasage of a comet from perihelioo to apbeBon* 
the temperature decreasing, these changes take place in hiverso 
order. 

In spectral phenomena, then, we have another term of eom- 
parison to apply, and it may be stated Uiat the sequence of 
spcctiaj changes are now known to us in a very definite way^ aa 
that the ebomical changes which take place in the compoeirioa of 
the vflpouFS of comets protiuced by collUions at various dlitOttoos 
from the sun have been ascertained. 

Whether we take form, distance ^rt of component parie* or 
there is now ample proof that the exteiWbodles 
wbkh supply ua with these shreds and laatchcs which we wrm 
comets are the nebulae. 

It has idready been stated that ilwecantclyapon Br. Hwittl's 
observations, in gome comets at aphelion and in some pS&tfuy 
nebulae we get a single Ihw at the some WAve*]engtlb<so .ibasfrditti ' 

brnrunwiM ought Mfluite .oiwidtio, botwMa lowS iini^USS. . r" 
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tltls obtcvvation alotio it would seem extremely prol able that when 
a enters our s} stem for the first lime it simply means that 
a swarm of meteoriies in that part of space thriiu^h which the 
WM pwalng at the time began to feel the sun*« attraction, 
aifca nltimately became a m«ml>er of our ^stem. aifd also that 
when we see the appearance which we call a nebula in space* 
tince its »j)ectrum is the same as the spectium of a comet, the 
nebula ts simply a swarm of meteorites if it he true that a comet 
is a swarm of meteorites. 

These nebulous inasats, vi»ii»le in all parts of the heavens, 
httt in some parts of the heavens very much more ntnneroiisly 
than in others, were very early observed and imagined to be 
very difTerCnt in nature from the so^ called fixed slais. 

Ptolemy was the fir^t to point out, when he was making his 
map cjf the stars that there were certain **doiUiy” stars of 
which he gave 5 on his map, and 'I’ycho Braht^, whose work 
was done before the invention of the telescope, although he did 
not notice any bodies which we now class as nebula*, was firmly 
convinced that that nebulous luminosity, which we call the 
Milky Way, was somcihin^ entirely different in its nature from 
the stai-s. "He imagined it to be what he Called an ethereal 
essence, a sort of fire mist, so that when in his time, in the year 
157a, a new sUr appeared, he supposed it 10 he a considerable 
agglomciatiim of this tthercal fliud. Galileo was able tt> show 
that the Milky AVay, the “ethereal Muhstance" nf Tycho, was 
only an appearance due lo enormous numbers of stars lying in 
the same visvial ray, the stars of which the Milky Way is 
composed can indeed be seen with very small optical 3>ower. 
It was not till 1612, a few ^ears after the intrr)duclion of the 
telescope, llmt we got the lust real definition of a body which 
we now cull a nebula. 

The first observation we owe to .Sim m Marius, who stated 
that some of the bodies visible exactly rescmblrd tlic appearance 
l)rr>dnced by the flame of a candle seen through horn. It wns 
not till 1656 that the nebula in Orion was discovered, although 
now to the liained eye it is very easily visible, so that it seems 
rather wonderful that it was not discovered before. In 1714, in 
England, attention hc^nu to by paid to these bodies, but it was 
not until the time of .Sir \Vm. llerschcf that the most magiiificeiu 
revelniions were mndv. He was the first to construct very large 
telescopes, the function of very h rge telescopes being to collect 
light, so that objec’s which appear lo the eye as excessively 
dim may l>e brought into lull visibility. 

After not only S^ir Win. Uctvschel but his son, Sir John 
lierschel, had acctmuilated vast stores of facts, Lord kosse 
took up the stor^, anti made a telescope verymucli mo*^c power- 
ful than any which had been employed by the Ilevschcls. His 
telescope has a liehi'gtasping power CO npared ^ith the eye of 
130,000. One of the resulu Or Lord Rossers work to whictr we 
need here refer is the idea that in a great many bodies which 
had been clashed as nebulie this enormous increase of optical 
power suggested that we were only dealing with very 'distant 
clusters of stars. 

J^ord Rosse was able to get the suggestion of “ rcsolvability ” 
in so many bodjr.s wivich nad been classed as nebulue by Sir 
Win. Herschcl and others, that gradually the idea came to be 
held that the most nel>ulou.s nebula, if we could get sufficient 
optical jnrwer to l>ear upon if, would be broken up into stars, 
just ns certainly as the Milky Way hod been. 

lliis would mean that the nebiilit' were simply clusters of stars 
so infinitely remote from our ken that even with the 3>ower of 
trord Rossers instrument they put on the appearance of an 
ethereal csseiKC, 

This Was the general opinion in 1864, to the early days of spec- 
trum analysis, when Dr, Huggina turned bis 8i>flctroscope one mgln 
to on© of thepliifPetary nehulic. At ftm he thought that .something 
had gone wrong In the apparatus because he couTdonly aec a briglu 
hnte'lnittead of the ustiw sort of spectrum obtained from a star. 
The Spectroscope, however* was doing, its level best, and the 
cause* the anomaly, was really that the nebula gave out mono- 
chroaiaiic light, 

in fonae another line was seen, stated to be due to 
appears that the dispersion employed was so 
^^ ^tlSiedisitovoiKer had no i%ht to allocete any line, so 
tha^ other observers hnw stoee i^wn that 
«lwri£is,a!hother1iyit^ itoe 

cwwe to the oohcfeiskm that 4he ftttt line wtfs very 
if hot ^x«teHy» in the posUtoa hf the chief Itoe seen to 
w nHrogeni a^ the saggestion wsa therefore , 

tnnde 1 ^ these nebtflie were maam of nitrogen and hydrogen 


gases mixerl, or, if not nitrogen, some constituent of nitrogen 
mixed with hydrogen. That result made the idea of Lord 
Kosse concerning the j>o«sibiliiy of the re&olvatolity of nebula; 
into stars unten able. We had to consider from that time Uiat 
the light of the hebulEc came from a gas, and hence it was held 
that the nebula? a ere Wsses of gas. 

Another ex3>lwiatioa of the origin of the green 'line has 
already been given. Jf we study the speciiutn of mag- 
nesium we find a very bright fluting with its less refrangible 
edge absolutely in the .position of the green line with the 
dispersion generally employed ; in ncUilite .and in comets the 
same line appears, if, as 1 said V^eforc, Dr. Huggins's observa- 
tions are to be rcHerl upon. 

We are therefore justified in holding the view that nebulcc, 
like the comets, consist of meteorites. 

J. Nokman Lockyer. 

( To l>e continued . ) 


THE ANNUAL VISITATION OF THE GREEN- 
IITCH OBSER VA TOR V. 

nr HE Report of the Astronomer'- Royal to the Board of Visitors 
of the Royal Observatory, Greenw ich, was received nt the 
annual visUaiion on Saturday June i. 

As regards buildings, it is noted that the new 18-foot dome is^ 
completed, together with the photographic dark rooms, in pre- 
paration for work with the 1 3- inch idmtographic equatorial 
which is to be erected this year. As rogardls transit- circle 
observations, wc read 1 — ^ 

“'fhe regular subjects of observation with the transit-circle 
arc the sun, moon, planets, and fundamenial stars, with other 
stars from a working catalogue, which includes all the stars in 
Groombridge’s Catalogue and in the Harvard Photometry not 
observed since ^867, and a selection from Piazzi’s Catalogue. 
Ten cK«e circumpolar stats taken from the Connaissarree des 
TempSt or from M. Loewy's list of stars for longiiude dtieiminu- 
tians, have l>een observed regularly, in addition to the fpnr 
standard azimuth stars. The observation of ihcse close circum- 
polnrs has been much facilitated by the adoption (since 1S89 
January i) of the method used by the officers of the French 
Service Oleograph ique, which consists in making a number of 
bisections of the star with the H.A. micrometer during its 
transit, the exact time for each bisection being recorded on the 
chronograph. 'The Annual Catalogue of stars observed in 1888 
contains about 1820 stars. 

“Special attention has been given to the observation of the 
minor planet Iris and comparison stars in connecftion with the 
determination of its parallax at the late favourable opposition, 
eighteen observations of the planet and 113 oi' twenty-eight 
comparison stars having been made last autumn." 

Aj* regards com put at tons, the transits have been completely 
reduced so as to exhibit mean Riglu Ascension 1889 January 1, 
and also the circle otoervations to exhibit mean North Polar 
distance for the same pcrioil. Two determinations of the astro- 
nomical flexure of the transit’-circlc telescope have been made 
since the last Report, the resulting values being o’' 08 and o"'$z. 

It h^s been found that the correction for discordance between re- 
flection and direct observations of stars was erroneously appliect 
in 1S87, and hence the results for colatitude and for position of 
the ecliptic are also erroneous. The correct values are now 
given, with those recently found for J888. 

The ecliptic investigations from 1877 to 1886 have been re- 
vised to reduce the results to the same system of flexure, R— D 
correction, refraction a^d colatitude ; so the computations for the 
tea-year Catalogue, Containing 40,000 observations of 4059 stars* 
are now practically complete. 

It has Wn found that the mean error of the moon's tabular 
place (combated from Hansen’s lunar tables with Newcomb’s 
corrections) is 4 - o*090s. in R,A., and + in longitude, as 
deduced from seventy -four meridian observations to 1888, The 
mean error in tabufar N.P.O. is - indicating that the 
nteati of the observed N.P.D.’a is too greats A number of 
altasimuth obsemcions has been made and reduced to April 8, 
so as toeahftdt errors of moon's tabular R. A., N;F,D., longitude, 
and E.N,P,J!>. 

The object-glass for the new 28-inch refractor it rfow beipg 
worked, and, oi fa to be of a special form, equally ouitable for 
photographic and eye observations, an experimental objecbglasa- 
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<U lading moant«d on the Sheepshanks equatorial for trial. A 
tmoihar of photomphs of «tan have been taken with the exped- 
mmtat 6*Uich ohj^l^ast, supplied as a preUminarjr to the con- 
stnuation of the i3^inai, which is to take part in the constructidn 
«of the photographU) map of the heavens. Only inconclusive 
results ruve, however, as yet been obtained. The spectroscopic 
work hok mainW consisted of observations of motion of stars in 
line of sight. We read t — 

** For determination of motions of approach or recettlon of 
etarSf measures have been made of the displacement of the 
F line in the spectra of 38 stars, and 18 of the ^ line in the 
^spectra of 8 ttars. besides 5 of the line in the sp^trum of 
Saturn's ring, and comparisons with the spectra of the mom. 
Venus, the sun. or the sky. as a check on the general accuracy 
of the results. Observations of Algol on thr|^ nights during the 
past year conftrm the previous results indicating orbital motion, 
but further evidence is required to establish the fact. The spectra 
of 7 CassiopeiR, 0 Ceti, ^ Lyrte, P Cygni, R Cygnl, and $ 
Pegash have been examined on several occasions, and Comet 
■€ 1880 has been spectroscopically observed on one night, the 
spectrum being chiefly continuous. The spectroscopic observations 
of all kinds are completely reduced." 

Photographs of the sun have been taken 182 days in the year 
^ending on May 10, iS^. Indian and Mauritius sun photo- 
graphs have been received from the Solar Physics Committee as 
far AS 1888 December 31 and December 9 respectively, and it is 
noted that, by means of photographs from these two places sup* 
plementing the Greenwich seriefi, the daily photographic record 
of the sun^ surface is practically complete since the beginning 
of 1882. For earlier years ri8 photographs of the sun taken at 
Harvard College, Cambridge, U. S. A., between 1874 December 
'9 and 1875 December 31, and ten photographs taken at F.ly, 
between January i and February 25, 1874, have been received 
from the 'i>olar Physics Committee. 

The photographs of the sun for t888 show that it has been 
/ree from spots on 155 days in the year tS88, the longest 
spotless periods being February 4 to 17. May 24 to June 8, and 
October 5 to 25. The mean spotted area in 1888 was half that 
of the preceding year, Und corresponded closely to that for 1877, 
so that the minimum may be expected to occur during the pre- 
sent year. The mean distance of sp :»t8 from the equator has 
also diminished to 7''‘38 in 1888, being very little larger than it 
was in 1878. just bofotre the last minimum, and this is a further 
indication that the sun spot minimum is close at hand. The 
foculie in 188S show a diminution in c:>rrespondence with that 
>of sun-spots their area for 1888 being intermediate between 
those for 1876 aud 1877. 

CoUtinnous observations of the changes in the three magnetic 
'elements of declination, horizon ul force, and vertical force have 
been photographically recorded. 

The following are the principal results for the magnetic 
elements fo^ t888 


Approximate mean declination 


Mean horizontal force ... | British units) 

Mean dip 


17'' 40' W. 


8304 (in Metric units). 

67“ 24' 26" (by 9>inch needles). 
67* 25' 33" (by 6 dnch needles), 
67* 26' 16" (by 3-inch needles). 


In the year 1888 there were only three days of great magnetic 
disturbance, but there were also about twenty other days of lesser 
di«tarb4imce. for which traoingt of the photographic curves will 
be published, as well as tracings of the registers on four typical 
•quiet days. 

The meteorological results are as follows 

** The mean temperature of the year 1888 was 47" 7, being i^-6 
below the average of the precraing forty-seven years, The 
highest air temperature in the shade was 87*7 on August 10, 
the ipwest i8**4 on February 2. The mean monthly tempera* 
tare in 1S88 was below the average in all months excepting 
May, November, and December. In March, April, July, and 
October it was below the average by 3*' 6, 3’' ’6, 4* ‘4, and 3^*9 
.eeweetively, and in November it waa 4*'o above the average. 

^'The mean daily motion of air in 1888 was 296 miles, 
being 12 mites above the average of the preceding twenty-one 
greats. The greater daily motto was 790 miles on March fi, 
Wnd the least 57 miles on December 31. The only recorded 
pressures exce^ing 20 lbs. on the square foot were 31 lbs. on 
IdarcH IY4 and 21 U>s. on August 28. 

Durli^ the year iSSH Osier's anethometer sho wedjm excess of 


about nineteen revolutions of the vane In the positive 
north, east, south, west, north, excluding the turnings which are 
evidently accidental. ' ^ 

“ The number of hours of bright sunshine recorded during 18K 
by the CampbcIl Stokes sunshine instrument was i 068 , which is 
about 350 hours below the average of the preceding eleven yea^ 
after making allowance for dilference of the indications with tpe 
Campbell ond Campbell-Stokes instruments respectively, and it 
is 333 hours below that of 1887 recorded with the same instru- 
men*. The aggregate number of hourij during which the sun was 
above the horizon was 4465, so that the mean proportion of sun- 
shine for the year was 0*239, constant sunshine being represented 
by 1. A comparison has been macle of the records of the 
Campbell andCampbeU-Stokes instruments fbrthetweWe months 
from 1886 June i to 1887 May 31, with the result that the 
former registered 1256 hours of bright sunshine, while the latter 
rcgisteretl 1364, It would appear, therefore, that the indica- 
tions -of the former instrument require to be multiplied by the 
factor ro86 to make them comparable with those of the latter. 

“ The rainfall in 1888 was 27*5 inches, being 2*9 inches above 
the average of the preceding forty -seven years. 

The average daily number of chronometers and deck watiriies 
being rated is 212. and the total number received up to May 10, 
i 81 ^. was 668. The Astronomer-Royal notes that in future the 
duration of the trial of deck watches will be increased from 
twelve to sixteen weeks, viz. six weeks in the ordinary tempera- 
ture of the room, four weeks in ihe oven (temperature 80* to 
Ss*). and finally six weeks in the room. 

The Report concluded with a note on the re -determination of 
Che difference of longitude between Greenwich and Pari-s 

“Observations were made in four groups of three nights each 
(or the equivalent in half nights). An English and a French 
observer were stationed at each end, each with a separate in- 
strument and chronograph, and the pairs of observers were 
interchanged twice, to eliminate any change in the personal 
equations during the progress of the work. The pairs of English 
and French instruments were similar, and the signals ns wdl as 
the star transits were recorded on si mi lar chronograph". On a full 
night each observer recorded about forty star transits, reversing 
his instrument three times, and exchanged signals twice (near 
the beginning and end of the evening) with his compatriot at the 
other end of the line, and once With the other observer. At 
Greenwich the transits were referred to the sidereal standard 
clock, and comparisons with the large Greenwich chronograph 
enable the ordinary determinations of clbck- error with tne 
transit-circle to be utilized as well as those specially made with 
the portable transits. With this object transits of clock stars 
with the transit-circle were usually taken by four observers on 
each night during the longitude operations. The actual stations 
were the Front Court of the Royal Observatory and the Observa- 
tory of the Service Gwgraphique de TArmt^e at Paris, thtf 
position of which reference to the Paris Observatory has been 
accurately deiemiined. Commandants Bassot end Defforges 
were the French observers, and Mr. Turner and Mr. Lewis 
the En^tlish. The observations laSted from September 23 to 
November 15, and i8 nights of observation at both stations are 
available, the two English observers having observed at Greenwich 
633 transits of clock stars and 165 of azimuth stars, and at Paris 
778 transits of clock stars and 165 of azimuth stars. All of 
these, as well as the signals exchanged, have been read out from 
the chronograph registers and the reductions are far adrtinoed. 
Subsidiary investigations of the value of a revolution of micro- 
meter screw, of mtervals of wires, of form of pivots, and of 
errors of the axis-level have consumed much time, the last-named 
having been a long and tedious discussion/' 

‘Xu® longitude between Greenwich and Dunkerque 

Will be determined this month, and Commandant Deffomes also 
proposes to determine the latitude between these two places. 


TI/E EARTHtlUAKE. 

QN the evening of Thursday, May 30, a coniidNable setoic 
disturbance was noticed over the Engto Chan^ and k 
the newhbouring district^. Its area cannot yet t* pmchlHy 
determfe^ It ^s to have been Mt most atnmt^ In the 
Chanel Islands, but it was also very distinctly noU^nyer wide 
districts in the south of England and the north of France. We 
bring toethw various facU relating to the earthquake^ epm M 
which have been comtnunioated to us by botvesp^dentf/^ 
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Gttem^ fcmr tuccentre vibrations were fblt at 8.15 p.m. 
It la sold that the houses in St. Peter-Port tiembm for 
several seconds^ aad that most of the occupants rushed Into the 
streets. The weather had been very sultry for some hours pre* 
viottsly. 

The shock was felt not less severely in Jeney, as the two 
following letters will show. The first, which has been sent to 
us the Meteorological Office, is by the correspondent of 
that Office at and U dated St. Aubin’s, May 3c: — 

Last evening, at 8.15 p.ni., there was a rather severe shock 
of earthquake here ; in fact, it visited the greater part of the 
islondi as far as 1 can learn. But what 1 heard myself was a 
loud rumbling noise, and everything b^an to shake and tremble, 
even the buildingE ; it so frightened a great many that th^ ran 
out of their houses, not knowing what was the matter. It ap- 
peared to me to travel from north to south, and lasted for about 
two to three minutes. The barometer at the time was stMdy, 
the wind south^south-west, force 4, and a fine night with a 
clear starlit sky ; this morning the weather was gloomy. There 
was a mock sun, and afterwards a solar halo, but it has been a 
fine day, with a deal of cirro clouds moving from a southerly 
direction and looking very heavy in the westward oil day, and at 
present we have cold nights,” The second letter has sent 
to us by the Rev. W. Clement Ley, to whom it was written, 
on May 30, by a friend at St. Heller’s, Jer*cy:-“**A series 
of earthquake waves passed here at 8. 14 this evening : 1 
could not be quite sure of the direction, but I think from 
south-west to north-east. They continued for forty seconds at 
least. I was in my room at the top of the house, and so felt the 
full force. Ibe whole room trembled, windows rattled, and at 
the same time the room swayed gently. Some one at the time 
ran along the road shrieking, 'Earthquake I earthquake 1 think 
that this is the most severe shock that has been felt in Jersey for 
many years." 

At Sark, also, the earthquake was noticed. Major R. D. 
Gibney, writing to us from that island on May 30, says : — 
‘'This evening I felt two distinct shocks of earthquake, the 
whole last Inc about three seconds, the direction being from 
south to north-west. Time (believed to be Greenwich) 8.25 p.m. 
The night was clear, but the setting sun and aog^ clouds hang- 
ing on the hori7,on presaged rough weather. The shock or 
shocks were sufficiently severe to imake furniture and to rattle 
crockery on shelves in almost every house in the island. A low 
rumbling noise, somewhat like distant thunder, accompanied the 
vibmions." 

Three sharp shocks were felt on the same evening at Cher- 
bourg, bui the time has not been exactly noted. The eomice of 
the doorw^ of the Church of the Holy Trinity waa thrown to the 
ground. The earthquake is said to have been distinctly felt at 
Havre, Granville, Caen, and Rouen $ and it U stated that it was 
also felt in Paris at cert^n points on the left bank of the Seine. 

Correspondents have written on the subject to Natvae* and 
the daily papers from many different parts of the southern coast 
of England. A writer at Penzance testifies that three or four 
shocks were felt there at 8.21, the direction being from west to 
east, Mr. J. M. Hayward, writing to us from Sidmouth, on 
May 31, says ; — ** As 1 was sitting here alone quietly reading 
yeste^y evening, I felt a vetj decided shock of earthquake, 
three distinct vibrations, each of which shook my chair to and 
several times, and made the things on the table — a china plate 
with a small glass of flowers in U— rattle ; the last was strong 
enoosh to make me put down my paper, take off my glasses, and 
wonder whether the room would tip over. I immediately made 
a note of the time, 8.20, but 1 cannot answer for my clock l>eing 
eaactly right." At Blandfbrd, Dorset, a vibration, which is said 
to have occurred at 8. 18, lasted about ten seconds ; and Mi, G. 
J. Grom States that the gloss and china ornaments in the room 
in which he was sitting rattled audibly. According to the Rev. 
L. Lester, a distinct shock was felt at Wareham, litorset, “about 
a quarter wrtt 8," “ It happened," be says, ** while we were in 
church* There was first of all a very slight shock, which caused 
the rohf to crack, as it does sometimes In a strong gate : but im- 
m^hdely after there waa one much more severe, strong enough 
not to tnake the roof- timbers Oracle 1m a for greater dwree, 
but a^ to set the Tampa in the chozkcel swinging. Those 
of ihe c^gregation who bi^fpehed to be sitting in neats attodied 
tott^ main men or pillars of the churdi felt a distinct movn- 
nmt The ^jtectiou of the shot^ seemed, 1:^ thh wayin which 
t^Mse^^hEthe roOT^fo be froth tiot^-weit Wswth-east" 
?dcle the ehock Wos ^^ i^ere that many persood mshed 


from their houses In alarm. Colonel L. S. Venner, writins 
from St. Rode, Bournemouth, says that at 8.20 p.m. a shock of 
earthquake passed through the house, tnvellmg from south to 
north. “ The features of it were a strong quivering of tlsp fioor, 
with an up and down movement, accompanied by a hollow noise 
underneath, and the shaking of shutters and crockery. An in- 
valid’s bed was a good deal oscillated, and a dog on it was 
alarmed. The shock was not at all violent, 'fhe wind, which 
was cold and fresh from south, became still just before the 
shock, and then freshened up sj^in. The sky was clear." 
Mr. J. Grey, also writing from Bournemouth, fixes the time 
at 8.18. He and three others were in a ground-floor room 
(acing the sea, when they felt two shocks : it seemed as if the 
floor was upheavjng. The servants at the iMck part of the 
house did not notice it. At Portsmouth, Havant, and the sur- 
rounding district the shock is said to have been felt about 8.25 ; 

I and at Havant, where articles were visibly moved, there was 
“considerable alarm." In many parts of the Isle of 
I the earthquake attracted notice, and at Sandown and ShanUinf 
j (he residents are said to have “ greatly alarmed." Dr. F. 
M. Burton, the senior curate of Newport, writes We were- 
in church, attending the evensong of Ascension Day. It was 
about the middle m the sermon, when a tremor passed through 
the church, apparently from north to south. The roof groaned 
and cracked ; the reading-desk in which I was seated (a solid 
old oak stmclure, of 1636) perceptibly and very unpleasantly 
moved, and the ^s standards shook for some minutes after. 
Our vicar, the archdeacon of the island, and several memberR of 
the choir and congregation observed it. One lady (Mrs. Hnigh) 
had the presence of mind to time the shock, which took place 
about twenty- three minutes past eight. Several people told me 
next morning that they felt the shock more or less severely in 
their houses." Writing from St. Laurence, Ventnor, Mr, W. 
E. Kilburn says “ A very distinct shock of earthquake oc- 
curred here at 8h. 21m. 308. p.m. The shock was not sufficient 
to overthrow anything or to stop the clocks ; but the long pendu- 
lous drops, 8 inches long, of the glass lustres on the solid marble 
chimney-piece formed admirable seismometers, vibrating freely 
for twenty minutes afterwards, and showing the direction ap- 
parently from the south-west. The aneroid and Imrometer 
indicated 2973 at the time ; they were 29 ‘80 at 9 o'clock 
in the tnoming. The temperature in the open air was 
53* by Caselln thermometer, and the wind south-south- 
west. The duration of the shock was about three seconds.’^ 
The Rev. A. Condcr says that at Bognor there were two severe 
shocks at 8.20, with an interval of about three seconds between 
them “ An invalid in an adjoining house called for assistance, 
as some one was under her bkl lifting it. 1 distinctly felt the 
shocks, which caused the wiadow-firames to rattle." At Little- 
hampton, at 8.22, cranes were seen to swing suddenly, and an 
oscillaiion was felt in different parts of the town. At Arundel, 
while reading on a sofa, Mr. E. Goldsmith suddenly “ felt a 
peculiar movement, and distinctly saw the sofa vibrate for three 
or four .seconds." “ At the same lime," he says, “tlie windows 
shook, not as they had occasionally done during the evening on 
account of the wind, but with a quite different and more con- 
tinuous movement. I called to my daughter, who was at the 
moment in the dining-room, to know what was the matter ; but 
she had only heard the windows shake in the room where she was 
(but In the same peculiar manner), and had not felt any move- 
ment. My little boy, who was in bed upstairs, felt his bed 
move ; and my two little girls, who were going to bed, were quite 
frightened, and ran down to know if it was an earthquake. The 
servant with them felt it too. The time was 8, 20, " At Brighton a 
distinct shock was felt, especially in the western part of the town ; 
and at Rudgwick, near Horsham, two persons in a room noticed 
a movement “which caused a rocking of chairs, cracking of 
woodwork, and the sound of rumbling, apparently exhausting 
itself to the westward." Captain H. King, R.N., writes to us from 
Petersfleld !-^“On the evening of May 30, at S.ao p.m., I was 
leaning upon a spring maltrew, when f felt it vibnuii^ in a 
peculiar manner. We could only account for it by an earth- 
quake ; and surely enough the newspaper of next day described' 
one at Guem»ey» which appears to have been similar to one 
which I witnessed iniifersey in April 1853." Mrs. Lane, also 
writing to us ftom Petenfield, says that she and her children’s 
governess, while sitting together, “were startled by a most 
peculiar vibration seeming to shake (be house, which quivered 
perceptibly for some leemidi." 

Several correspondents of the TVwr testify that thty felt the- 
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in I^dOD. Mr^ Ernest Myers, writer from Ji Inverness 
W. ;—:*' A slight but uonOiistakable shock was felt here 
nb0l»t &*o p,«i. There was no rattling of wtp^ws or other 
rfspitttd^ The vibration seemed to he from side to side.” 
Mr* K W. KitneSi of Alexandra Road, St. John’s Wood, 
^nys i The earthquake was distinctly, though slightly, felt 
hei^e Iftst evening at S'* 3 o/’ A member of the 5 rm of Yates, 
Crighton, and Co., of Cannon Street, E.C., while working in 
their offices on Thursday evening, distinctly felt four shocks just 
'before S.301. He says It wa.s the more noticcaWe as our 
^offices are situated in a huge building, on the third floor, atul the 
sensation was just as if the whole block were rocked by the 
wind from south to north,” *‘C. W. II.” writes from the 
■<ieneml Post Office Last evening I was sitting in my room, 
situated in the south-west corner, top story of the General 
Post Office, when I felt my chair oscillate with a slight 
tremulous motion, which lasted perhaps four seconds. 'I'hiuking 
it was a slight shock of earthquake, I stood up, and looking at 
tny watch saw the time was 8.20.” A person living at Woit 
Kensington reports having felt the shock at 8.15. Mr. F. Yates, 
writing from Wrk Street, Southwark, S.E., May 31, says: — 
** Yesterday evening, between 8.20 and 8.25, while sitting in my 
library at Surbiton, I distinctly felt two light shocks, which I 
4ittributed to earthquake. The shocks were also observed by other 
members of my family.” 

Mr. J. Lloyd Boaward writes to us from Henwick, Worcester, 
that the earthquake w’as perceptible there. While scaled in a 
room on the second door of his house at about 8.23 p.m. on 
Thursday, all being still, he felt hve distini t tremors in rapid 
auocesfiioo, the third being the most notable. *‘On making 
immediate inquiries,” he says, ** I learned that the tremors had 
not been felt on the other floors, but my son, who happened to 
be in the basement on the occasion, says that at the time referred 
to by me he noticed that the flame of a lamp burning on the 
table suthicniy shot up above the top of the glass chimney.” 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

CAM&kiDoa, — The Annual Report of the Museums and Lec- 
ture Rootos Syndicate, just issued* contains much interesting 
infoftnadoa about the progress of natural science studies and 
•eoHeotiona, 

Prof. Babington announces that the late Prof, Churchill 
BahingtonV extensive herbarium has been presented to the 
Botanical Museum by his widow, including tne typical spcci- 
snens of licb«Q« described by him. The type collection has 
been ei^rged, and demoostrations in organography and histo- 
are regularly given. Mr. Potter has just returned from 
Ceylon with a floe collection. A series of germinating seedlings 
fprepared bv Mr. Barber), specimens showing the injuries 
-camied to pUnts by insects (by Mr. Shipley), and Kny's dia- 
grams, given by Mr. Thlaelton Dyer, are among the valuable 
acquiiiuons. 

Mr, J, W. Clark, Snpeflntendeot of the Mnseuna of Com- 
parative Anatomy, reports the gift of a beautilut collection of 
-spiders, with accompanying drawings, by Mr. Warburton; the 
mounting of the skeleton of Rhytino. gigas ; the deposit of a 
valufiJ^ collection of skulls and bones of Bovidse and Cervidtc, 
isy Mrs. Stewart, widow of Surgeon-General L, C* Stewart ; 
Surgeon-General Day has given 357 birdtkins from India and 
Btirmah ; and Messrs. Cordeaux have given over 100 valuable 
Indian specimens. 

Two parts of the Morphological Studies ” have been issued 
by Mr. Sadgwick aiuce the last Report, The Elementary 
Biology Class numbered 167 in the Easter term of 188B, and 139 
inBuTLem term of 1889. The Morphology Claw varied from 
77 to 43 ; with a Knaller advanced class. 

Prof, MacaUsier EcporU the addition of 131 Egyptian akutis, 
25 skulls from Saxon burial-place at Hauxton* and many 
from that behind St John's College. The Rev* L Sanborn, of 
Lookport, K.Y., has givan valuable skaUa from ab«uying-p|i^ 

the Seneca l ofihm ff* 

Prof. Royde^bes the direful aod^t^natic arrangemeflt 


.laDotnto^)* 

Bedf. Hughci mm moeeie^owa ^ long poetponement of 
the near Geological Mutenm, It oaei^atnly is not just to aUow 
^ w i<imd«to41eoot ondnoaar o»e the of 


the Museum towards which they contributed xqch ikrgf 
Iropoiiajit additions have been made to the CatobrjAh end 
Silurian fossils by Mr, MatVi and many of thedn baVe ,b 4 l^ 
described and feu red by him. Thirty- four ^gured types from 
the Inferior Oolite of Don;etshirc have been presented by the, 
Kev, G. F. Whidberne. About *30 slides have boenad<(^,lo 
the cabinet of microscopical preparations of rocks. . Much 
cress has been made in pahrohotany* and two courses ofJeeiar^^ 
have been given by the lecturer, Mr. Seward. Mr. Strickland's 
collection of fossils, numbering ycoo specimens* has been 
tented by the late Mrs. Strickland. 

The new Chemical Laboratory proves to be very satUfiictory 
in working. 

The demonstrations in the Cavendish Laboratory were 
attended ly 136 students last Michaelmas term anti I44 in the 
Lent term, 'twelve per-ons have been doing orlginBl wofk in 
ilie I aboratory during the year, Some important new apparatus 
has been acquired. 


SCIENTIFIC SERIALS. 

A//w/v;vj t/£ /a SociRJ ii\ 4 n//iropifhgf^ uV Par/St Serieil, tome 
iv., fasc. I (Paris. 1889). Pre-Columbian ethnography of 
Venezuela, by Dr. Marcano. The author prefaces hU special 
ethnographical remarks with a short geographical notice of the 
Veneziielian territoiy, entering more particularly into the physio- 
graphical character of the fertile valleys of Ar^ua and Caracas. 
The special feature of the landscape in these picturesque reeiotia 
is the range of low hills locally characteriaerl as ‘‘Cerritos,” 
which extend over a large area near the beautiful lake of 
Valencia, first known to the Spaniards as J^ake Tacarigu^, and 
which were regardeil by the native Indians as natural features of 
the soil. Jl has been discovered, however, by recent explorers, 
that they are artiflcial elevations, raised in past ages by some 
aboriginal Indian race long extinct, whose very name is unKhown 
to the present inhabitants of the district, although the ahorcs 
and Imttom of the lake testify, through their vast accumulations 
of l)ones anti other that the country must have been 

densely i>opulared at some remote prohistorip period. Dr. 
Marcano, who devoted several years to the exploration of tht 
Cerritos, near L.ake Valencia, l^as succeeded in laying bare the 
interiors of twenty of these mounds, which prove to be sepulchral 
caves filled witli bone and other detritus. All present a uniform 
plan of arrangement, and consist of a central circular walled-jn 
space, containing aa enormous mass of whole and fractured 
bones, and marine and fresh -water shells, with frogoienU of 
stone, bone, and wood implements, and slierds of pottery, most 
of which bear traces of the action of fire. The human remains 
were deposited in round earthen jars or urns, each of which con- 
tained only the separate bones of one body, the skull rc^tife at 
the base 01 the vessel, while the sacrum, with the long and the 
small bones, was laid above it so as to fit into all the available 
space. The appearance of these bones indicates that the flesh 
had been detached from the dead body before its interment, but 
their brittle condition rendererl a miaute examination Unpoft^ble 
in some cases, although Dr. Marcano was able to recover iot^y ' 
crania which admitted of sufficiently exact iavtii^gklifdt to 
warrant the coaclusion that they roproaent two {BstlaOt 9 ^ 
brachycephalism. About half of these crania showed 
of deformity, due to artiflcial pressure over the frontal bonas. 
The most remarkable choractccUtic was their prognathkhm, virbich 
exceeded that of any skull previously examined by Him, altho^b 
his observations were based on the examination of moee than 
2000 c^ia, of wliich some belonged to New Caledonians, wiib 
have hitherto tanked beloqiging to the most prognatM^ Jteteft 
extant. The implcmeiita found in the Cerritos caves we yearly 
identical with those associated with the Neolithic age in Europe, 
while the animat remains are composed of tvpes beldugipE tb 
the local tei^strial and aqueous faunasi inenming the clfSkAn 
skull of a cebus ; while ao enormoitt a mass of the bo^oe* ot * 
caiman {CrocMus ^am. which ia\pecwliar, to the Laie of 
Valww and iu oBlaants) was Cbue^ that It is evident 
of Iks anw^ mi^st have served as frod* A nuetber of defMM 
craniological tebles, pad numerous llluatTations ef thh esabk 'iOd 
of the cwwus feurme and k^la, the unjf, tools, oiMn«a^ 
Other Qbj^s ^teerod with the bhewn bonei# ^i^dNKl^ir 
the value of Dr. e^uatiae 

tiM aut&w has hU ao 
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obtfaWiion^ ai^d writers of the moU 
tM:atemenu caa lay no claim 
to tie m atadehts of folk-lore, and present 

00 j*»e«*t fea* tl» lS«BK*h re«di». 


SOCIETIES AND ACADEMIES. 

London. 

Phyiical Society, May 35. — Frof. Reinold, President, in 
the chair* -^The following papara were read:*-On a relation 
exisltiog kwtween the density and refraction of gaseous elements 
andnome of their compounds, by Rev. T. Pelham Dale, In a 
pre^otts cotnmunicaiion the author pointed out a relation 
tetween the specific refractive energies of sulphur and selenium, 
and the present paper deals with similar relations in gaseous 

bodittSt On ealeidatiDg oul the values of ^ ^ ibr the ele> 

a 

ments H, O, N, Cl, S, P, it was noticed that the logarithms 
were nearly integral multiples of half the logarithm forH, those 
for N, C), and P being double, and S and O three times that 
nuraW. I'he value m ^ - 1 for different elements is compared 
with the fA - i for H, the resuhing numbers being, for oxygen 
2, meremy 7, arsenic S, and sulphur iz nearly. Himilar calctt’ 
latioos are made for the compounds N^O, KO, CO, SOg. Cy, 
NH,, MhCI, HgS, CH4, and but as rite data obtataable 

are very rough, the ntnnbers aw not no closely integral. The 
author fK))>es tliat better data will be furnished by persons having 
greater fadUties thaa himself for experimental research. ProT 
KUcker thought the results obtained pointed towards some rela- 
tion between the volumes of the molecules of different elements, 
and at the close of the meeting announced that on working out 
the mfetion he found the relative volumes to t)e a series of 
numbers in geometrical progression — On a water-spray influ- 
ence machine, by Mr. George Fuller. The appiratus is made 
up of four similar sections, each consisting of a nozzle, a metnl 
ring, and a metal dish or receiver, arranged about a vertical 
axis. Pressure- water issues from ]>erforations ijw& inch in 

(linmetef in the nocalcs, and pasnes through the rings into the 
insulated receiver below, llie rings are placed at such a 
distance below the norries as to be .about the point where the 
streams break into spray, and the receivers empty themselves 
ttutomnticaUy, Calling the consecutive sections i, 2, 3, 4, 
respectively, the rings of I and 3 arc connected to the receiver 
of 4, and tnose of 3 and 4 to the receiver of 1. The discharge- 
jroims are connected with the receivers 2 and 3, and a rapid suc- 
cession of sparks passes when the water is turned on. Prof. S. 
P. Thompson inquired whether the length of the spark was 
limited by leakage along the glass rods or by the spray passing 
between the receivers, and iu reply Mr. Fuller said he thought 
the former leakage the moat important. — Notes on polarized 
light I (a) on the transition tints of various orders \ (a) lecture 
illustrations of the rotation of circularly- polarized light ; [c) qn 
the rotation of circularly- polarired and non-polarUed light, by 
Prof, S. r, Thomi>son. The first no:e described an inquiry as 
to whit thickness of quartz given the best ** sensitive tint " for 
polariroetric work. Blot gave the name to the tint pro- 
duced by a quartz 3^ millimetres thick in a bright field, 
whereas in most modem poUrimeters the name is given to 
that produced by 7J miUimeires of quarts in a dark field* 
Ihe transition- tints of various orders were exhibited on a 
diagrom of Newton’s scale ^ of colours, and by a wedge of 
selenite. Experiments were "made on quartzes of 3J and iij 
mm., giving tints of the first and second order respectively in ihe 
bright fields and with a yi mm. qnwtz in a dark field. The 
3 ? wap more sensitive than the iij to small rotations, but the 
74 turn- seemed the best of the three. Prismatic analysis of the 
light transmiued by each led to the same conclusion— a new 
square-iended direct-vision prism built up of a glass prism (angle 
^ » t^namre ether bate used fbr tfct putivoae. 

Ihe Mfior pnlOtlnl oOt that the “sensitive tints’* of German 
dicidediy njddi^ than Biot>, and those generally 
used iO iEMmu), In the filet apparatus devised under {e>, the 
ot k mjnwserned by a cord thrpwn into 

P^mtsendae sribmSoh by a tuning-^rk, the polirLrer and 

aw eacb repteBe(nt^ by nwr plates of glass mourned 
Pwlel to each otW ali^ta mtlUmstte a»ai*»f wtoh 
the cord passes. dllb aw# amSlyser t^ yi^- 

they artbt^lit^ or df 
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spindle- ihOucd vn>raling segment between the crossed places^ the 
plane of vibration is slightly rotated, and .part Is transrahtetF 
through the analyzer. Other experiments iliusttatihg rotation of 
ihe plane of polarization were shown or described, ttw most con- 
clusive being a bar nf heavy glass placed along with a fi^-eye 
lens iHstwecn crossed Nicols. On starling a current in, a h^ix 
surrounding the glass, the black cross formed by the fish, 
lens is seen to turn round as the current grows. Another 
piece of appacalas to ilhistrate Fresnel's view of the ckcularly 
]>olarized waves in quartz consists of two equal coplanar dUl^ 
rotating in opposite directions, and carrying pins on which the 
eKtremitieg of a double pantograph arrangement are pivoted. 
The middle point of the liuk-work describes a line perpendicular 
or inclined to the line of centres of the disks according ns the 
phases of the pins are the same or difierent, (r) In speaking 
of rotary polari/ation it is customary to say that the plane of 
]X}larization is rotated, but the author thinks it Is equally correct 
lo say that the light itself is rotated. Prof. Stefan's and Prof. 
Abbe’s experiments bearing on the subject were described, and' 
to demonstrate that ordinary light may be rotated, a biquartz 
was placed between a Fresnel biprism and the screen on which 
the interference fringes were formed. By using quartzes of 
thickness sufficient to rotate each beam 43”, the interference 
fringes are caused to disappear, and on inserting a bar 
of heavy glass in each of the pencil and magnetizing one 
of them, the fringes reapj>ear. Mr. Gfazebrook thought the 
reason why 3} mm. quartzes were more sensitive than 114 might 
be seen by considering the sector-shaped spectrum in which the 
rays are spreorl out by ihe quartz, for with the thick piece the 
angle of tne sector will be three times that with the thin one, and 
hence, in the latter case, n gi cater change of colour is produced 
by a given small rotation. Mr. Ward strongly condemned the 
use of bi quartzes for rotation measurements, for he found it im- 
possible to get them ciU wiih such accuracy as to give a uniform, 
tint ; and if the light be (^lightly elliptically polarized, consider- 
able error may Ije introduced. Speaking of magnetic rotaliou, 
he thought Fresnel’s explanation unsatisfactory, and considered 
it probable that the rotary character of the magnetic field in 
creases the )>erit>d of one and decreases that of the other circular 
wave, ibeir velocities remaining Uic same. As regards quartz, 
he believes the rotary action due lo the light itself {probably an 
effect of the longitudinal wave), and not to any peculiar crystal- 
line structure of the quartz, for liquids exhibit similar phe- 
nomena. Dr. Thompson, in reply, said Mr. Glazebrook's 
explanation of the difference in sensibility of the quartzes of 
various ihicknesscb was not (juite satisfactory, for the reasoning 
would lead one to expect the 35 millimetres to be most sensitive, 
whereas experiment showed that the 74 millimetres was best. 
He quite agreed with Mr. Ward about the defects of the bi- 
qiiaru, and thought the shadow method preferable in many cases. 
On the other hand, he was disposed to l>clieve that the rotary 
power of quartz n result of its crystalUnc structure, for fused- 
quartz i>oasessecl no such property. As regards liquids, Dr. 
Thompson thought the rotation due to some kind of skew sym- 
metry possessed by the molecules, the average effect of which is 
observed. — On the molecular weight of caoutchouc and other 
colloid bodies, by Dr. J. H. Gladstone, F. K.S., and Mr. W. 
Hibberl. '! his |>aper gives the results of determinations made 
by RaouU’s method, the reliability of which was first tested by 
preliminary experiments on substances of known mobcular 
weights, and found lo be fairly satisfactory. The experiments 
on caoutchouc give a very high value (above 6000), thus con- 
firming the author's previous impression that it was a colloid. 
Similar experiments were made on gum-arnbic, caramel, albu- 
men, and ^‘ic and aluminic hydrates, all of which were found 
to have high molecular weights. All the experiments confirm 
the belief that the molecule of a colloidal substance is an 
aggregate of a very great number of atoms. 

Edinburgk. 

Royal Society, May aa— Sheriff Forbes’ Irvine, Vice-Presi- 
dent* in the chair.— A paper, by Prof. Letts and Mr. R. F, Blake, 
on the identity of Hofmann's **dibenzyl phosphine” with oxide of 
tribentyhphosphlbe, and on some other points connected with the 
^osphonsed derivatives of benzyl, was read. —Sir W. Turner 
comtnuhicated a ppeir by Dr. D/liepbam, on the development 
of dlanhrodial Joints iti' hh-ds and mammals. ^Dr. G. Sims 
Woodhe^ Comiminicafed obsemtions by Mr. D. MoAl|rine*<m 
theprdfieeifivemc^m^t ofd^ached dliated pori;inns of firoga 
and toitblm^ aod also obeerirarions on the ptogressloo, pulsation 
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qutveriJ3g of iucd««d hterto of fisb« fro^Si reptiles, birds, and 
mamtnaU. — Dr, John Marray read * paper by Mr, W, S. 
AttderRon, on the aolubUUy of carbonado of Hme in fresh and 
ooft water. 

Parks. 

Academy Sciences, May 37. — M. Des Cloiceattx, Prest* 
dent, in the chait,^ — On the radtcnlar, nature of the stolons of 
NrphroUpis^ by M. A. Tr<JcuX. In reply to M. Van Tjeghem, 
the authOT argnes that the so*called stolons of tVts fossil plant 
were not Shoots or runners, hut had the constitution of true 
roots ; hence he was fully justified in describing them as “ radi- 
cular stolons/’^On the representation of the continuous fractions 
expressing the two roots of a quadratic equation, by Prof. Syl- 
vester. Tn continuation of his previous paper (May 30), the 
author shows how the twin formulas there worked out for the 
two roots X and y may be considerably simplified and general- 
ized.— On the CaUmaria;, Artkr&pitus and Caiatnodendfvn^ by 
M. Grand' F.ury. In this paper the author sums up hU reasons 
for believing that these Carboniferous plants were highly organ- 
ized Cryptogams. Their representatives or descendants in the 
Secondary formations were of smaller size, less varied, and more 
nearly related to Equisitum^ the last degenerate survivor of the 
family. — Exact determination of the quantity of Water contained 
in the blood, by MM. Gn^hant and Quinquaud. Experiments 
made on the dog and rabbit show generally that the quantity of 
water is less in the venous than in the arterid blood. For the dog, 
the respective proportions were found to be ; water, 77*09 ; dry 
residuum, 22’9K \ and 78*01 and 3i*99 per cent. --Ouantltative 
analysis of the urea contained in the blood and in me muscl^. 
by the same physiologists. From these experiments, made with 
the rabbit and the skate, it would appear that the muscles of this 
fish contain fifty times more urea than those of mammals, and 
that the urea is formed in the muscles, in which it is present in 
larger quantity than in the blood.— Distribution in latitude of 
the solar phenomena during the year 1888, and solar observa- 
tions ht the first quarter of (889, by M. Tacchini. The results 
of the observations here tabulated show that in i8$8 the solar 
phenomena were much more frequent in the southern than in 
the northern hemisphere. The maximum zone for the spots, 
fkcul;e,,and metallic eruptions lay between o" and -10”, as in 
t886 and <$87. But llie maximum for protuberances does not 
correspond with that for the other phenomena, as it Uy in higher 
latitudes ( + Jo to -f-40 and -40 to -50), The observations 
for the first three months of 1889 show a perceptible 
diminution of the spots and faculw as compared with 
the last quarter of 1888, while the protuberances were 
somewhat more frequent in the former than in the lat- 
ter period.*— On the expansion of the metals at high tem- 
peratures, by M. H. Le Chatelier, In continuation of his 
previous communication the author here tabulates the results 
obtained for iron, steel, copper, aluminium, silver, nickel, 
platinum, and sundry alloys, concluding generally that for all 
metals the coefficient of expansion increases with the tempera- 
ture. The law of increase fs generally regular except for certain 
alloys of ailver and for ail veneties of iron. — Researches on the 
phenomenon of magnetic rotatory polarization in Iceland spar, 
by M> Chauvin. In a previous note (April 27, 1886) the author 
showed, against the opinion of Werthelm, that this substance 
possesses magnetic rotatory power not only in the direction of 
the axis but also in the neighbouring directions. His further 
researches here summarized generally confirm this conclusion, 
the phenomena observed bcin^f identical with those presented by 
natural quartz. — On the electric conductivity of saline solutions ; 
reciprocal displacements of the acids, by M. P. ChroutscUoffi A 
tabulation of the chief results alrmy obtained of the reac- 
tions between salts in solution and acids other than those 
entering into the composition of the salt under examina- 
tion. —Researches on the electric resistance of bismuth, by 
M, Edmond van Aubel. The author here studies the in- 
fiaenoe of temperature on the electric resistance of bars of 
bismuth, and examines thU metal under two molecular states ; 
melted and slowly cooled ; melted and very rapidly cooled or 
tempered.— On the beat of combusdon of some omanic bodies^ 
by M. J< Oss^fT. Continuing his determinations <h the beat of 
combustion of organio bcdiei, the author here deals with racemic 
ncid and its anl^tMe, and with metbyl racemate and tartrate. 
r-On some metallic sulphides, by MM. Armand CuotSer 
and^ L. Hallopeau, Continalng their last memoir (April 
1$), the authors here describe the action of carbon di* 
sulphide on niekelt cbtomlam* and lead.— 'Papers were oon* 




trlbuted by M. F. Parmentier, on the presence of sulphate, 
of soda in the atmosphere ; by M, A. HaHur, on a gense^ 
method of mthesls tor the d'acetome acids of the aromatic 
series t and by M. £. Sorel, on the rectification of alcohol* 
President announced the death of M. Halphen at Versailles t 
and M. Hennite paid an eloquent tribute to the memofy of the 
illustrious geometrician at hU obsequies on May 33*"^^'^ death 
was also announced of the distinguished physicist and electrlciati, 
M. Gaston Plantcf. 

Vienna. 

Imperial Academy of Sciences, March 3t. — Thefol^wing 
papers were read : — On Van Deen's blood-test and VitaU*s pus- 
test, by E. Bruecke. -On some problems of the theory of the 
conduction of heat, by T. Stefan.— On the alterations of the 
pigment in the insect’s eye, caused by the Influence of light and 
its physiological meaning, by S. Exner.—New observations on 
the change of combinations in phenols (third communication), 
by T. llctzig and S. Zeisel. — On ortho-dicarbonic acids of 
pyridine, by G. Goldschmidt and H. Stroche. 
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THURSDAY, JUNE 13, 1889. 


THE ELEMENTS OF VITAL STATISTICS. 

Thi EUmeitts of Vital Statistics. By A. Ncwsholme, 
MD. (London: Sonnenachein, 1889.) 

D r. NEWSHOLME haa written a book which » though 
intended primarily as a guide to medical officers of 
heahh and students preparing for the various sanitary 
examinations^ will be found by the general reader to form 
a convenient compendium of useful facts and of the 
conclusions deducible therefrom. For the writing of such 
a book the author was well qualified, having been dis- 
tinguished as University Scholar in Medicine, and 
having had, in addition to the ordinary practice of a 
medical man, considerable experience as a medical officer 
of health, formerly at Clapham and recently at Brighton. 
A work of this kind must necessarily consist largely of | 
information derived from the census returns, public 
registers, and reports ; and an author’s ability is shown in 
the selection of the information, its arrangement, and I 
verbal presentation. 

Like many persons who have given attention to the 
subject of vital statistics, whether for sanitary or financial 


of the youngest children in months; at any rate, for 
the first year of life. Considering the heavy mortality 
prevailing during infancy — about one-fifth of all the births 
being followed by death within two years — and considering 
its rapid change from month to month, as the development 
of the infant progresses, it is an obvious requirement of 
this branch of the subject that steps should be taken to 
ascertain the mortality for each succeeding month of a 
child’s life, and thus verify the estimates and partial 
results that have already been published. We would also 
I emphasize, with our author, the desirability that the 
calling or occupation of each person should be given 
with sufficient definiteness to obviate confusion. At 
present one experiences some difficulty in manipulating 
the figures of the Registrar-General’s Office ; a difficulty 
arising not only from the classification of occupation, and 
partly unavoidable, but also from the inclusion in one 
figure of masters with workmen, and sometimes of those 
who have retired from an employment with those actively 
engaged in it. There is, as is self-evident, the greatest 
difficulty in obtaining precise information from the 
millions of an entire population ; but the Registrar-General 
has, no doubt, turned his attention in the directions now 
indicated with a view to future action. 

The Civil Registration Act was passed in 1837, but for 


purposes, Dr. Newsholme attaches great value to a correct j a long while the registration of births was defective, 


and more frequent census, and to a complete and accurate 
registration of births, marriages, and deaths, the cause of 
death being in all cases carefully ascertained and recorded. 
He also desires a systematic and extended registration 
of sickness, its nature and duration ; urging that the 
concurrent publication of information furnished by such 
registration, and involving the announcement of the 
outbreak, the spread, and the subsequent contraction of 
epidemics, would lead to results of the highest public 
benefit. 

The requirements of a good census from a sanitarian’s 
standpoint are said to be that the enumeration shall be 
accurate and complete— to this we may say, of course — 
and that it shall be simultaneous throughout the country, 
in order to avoid the disturbing influences of migration — 
again, of course. It is suggested that the particulars 
demanded at the taking of the census should comprise 
the following items as a minimum : name, sex, age 
(children under two years staled in months), relation to 
head of household, conjugal condition, calling, religious 
persuasion, illiteracy, birthplace and nationality, languagic, 
residence, infirmities, tji^is last term meaning, we presume, 
serious infirmities, such as those of the blind, the deaf, 
and the dumb, and the several forms of insanity. We i 
ourselves do not see in what way a sanitarian is concerned ! 
with the religious persuasions the vpeo^e, or with | 
language as apdjt from and independent of nationality ; I 
nor do we think a sanitarian, or any other student or | 


it having been estimated that as many as S per cent, of 
the births were lost sight of. This is a fact not to be 
forgotten in dealing with earlier years. The registration 
of births was made compulsory by the Births and Deaths 
Registration Act of 1874; but the record gives neither 
the age of the mother at the date of the birth of the 
child, nor the order of its birth (first, second, third, &c.) ; 
so that we can know neither the number of children 
borne by mothers at each year of the mother’s age, nor 
the average number borne in the course of a mother’s 
lifetime. The birth-rate in a community is commonly 
represented by the ratio of births to population, so many 
per thousand ; but the basis of looo living, including, 
as it does, a varying proportion of men, women, and 
children, is not a perfect basis ; and, to get the true birth- 
rate, the number of births should be compared with the 
number of women between the ages of about f6 and 
45. The population basis is, as a rule, however, ade- 
quate for practical purposes, and tables, so constructed, 
display, throughout Europe generally, a tendency in the 
birth’ rate to decline. In the United Kingdom the 
decline has been fairly regular and continuous for some 
years past, the decline amounting to almost 3 per 
thousand in seven years. 

The chajpter on biilftis contains, under the head of “ The 
Malthusian Hypothesis," some remarks respecting the 
famous essay on the theory of population published in 
1798. As popularly understood, the hypothesis was to 


sdentific worker, could extract any useful knowledge 
out of the untested dedaraUons rtf uneducated persons 
relative to the ability or inability oif; themselves and their 
famllkt to read and write We don^altogether agree with 
our in advocatingihqidty 0^ these pefints ; but we 
i^ee with hit^ on 0d retna>(ting points he men- 
which, the Wi^ ho^er, the coantry at large 
thay be, odnsldered alrai^r^ ib have abated . We would 
vdth him, taking the ages 

Vot. XI*— No. 


the effect that the growth of a population must be 
circumscribed by the means of subsistence. The remarks 
arc especially directed against the doctrine that “ the 
popmlation is increasing in a geometrical progression, the 
means of subsistence in an arithmetical progression ; and 
unless wars, destructive epidemics, marges, dense towns, 
close workshops, and other deadly agents, carry off the 
excess of tibe numbers bom, ... the whole peopli must 
be exposed to a slow process of starvation.^ Our author 

H 



NATURE 


[June 1 $, 1889 


146 


is quite right in attacking this theory, but it is sub* 
statttisdiy no answer to the theory to say that a geo* 
n^c^ical progression may progress so slowly as hardly 
to projgpress at all ; or that, when the number of births 
falls below thA number of deaths, there is a decreasing 
geometrical ratio instead of an increasing one. Such an 
Argument is, doubtless, the correct statement of a purely 
theoretical truth of abstract mathematics, but it does 
not meet the case as popularly understood. Also in- 
conclusive, in our opinion, are some of the comments on 
Ihcrease of subsistence. To define subsistence as “ all 
that supplies men’s wants” is to adopt a definition of 
the term which calls for definition more loudly than the 
word defined ; and to suggest that we may look to human 
industry and scientific discovery for the increase of food 
is to open up before us a very doubtful and probably 
disappointing prospect. The teachings of Malthus may 
have been more or less refuted by the history of the 
present century, but wc all agree that the danger of popu- 
lation outrunning subsistence is one that common-sense 
demands should always be kept in view. 

The marriage-rate is usually obtained by comparing the 
number of marriages with the number of the population 
in which they occur. This method is exact enough for 
many purposes, but to attain theoretical accuracy the 
comparison should be made with the number of eligible 
bachelors, spinsters, widowers, and widows. Like the 
birth-rate, the marriage rate appears to be on the decline, 
not only in this Kingdom, but also throughout Europe. 
In England and Wales, bachelors now marry at a mean 
age of 26*2 years and spinsters at 24*6 years, the age at 
marriage exhibiting a tendency to increase. The average 
number of births to a marriage is for England and Wales i 
about ; the average for Italy being 5*15 ; Prussia, 4*92 ; 
Austria, 373 ; and France, 3'42. In England and Wales 
the average duration of ordinary married life has been 
computed at about 27 years. 

It is customary to state the death-rate by comparing 
the number of deaths with the number living, but the 
results require to be received with caution. The popula- 
tion of a place may vary in its age and sex composition 
with the arrival of immigrants and the departure of 
emigrants ; also from an excess or defect of births over 
or under deaths ; also from other and special causes ; and 
these disturbing elements cannot always be left out of 
consideration. Thus, the general death-rate in England 
and Wales in i8Si was 18-9, for all age.?, while the 
general death-rate in France was 22'o ; but had the age- 
distribution in France been the same as in England, the 
French rate would have been 20*9, and it is clearly with 
this figure, and not with the 22-0, that the English figure 
is justly to be placed in comparison. With respect to 
the fegistration of death, and with a view to obtain better 
information as to the cause of death, Dr. Newsholme 
favours the appointment of medical registrars, and thinks 
the certificate of the medical attendant on the deceased 
should be withheld from the family and sent direct to 
the registrar. 

1*0 the general reader tile discussion of the influence 
exerted on mort^lty by climatic and social conditions, by 
recent sanitary legislation, by density of population, and 
by occupation, is sure to prove attractive. Figures arc 
adduced to demonstrate that mortality is usually highest 


in the first quarter of the year and lowest in the third ; 
and we are told that mild winters and cool summers both 
lower the mortality, the former especially of the old, and 
the latter of the young. Pervious subsoils apparently 
afford a better protection against lung-disease and diph- 
theria than retentive ones, as might naturally be expected p 
but not so with phthisis, which, accordiitg to the figures 
quoted, is no great respecter of subsoil. As is popularly 
understood, the death-rates for married persons of both 
sexes are more favourable than for the single or widowed, 
but it must not lie forgotten that in marrying and giving irt 
marriage a process of natural selection takes place, and 
that it is only the more or less heahhy, if not also the more 
or less strong, that enter the married state. The aggrega- 
tion of an ever-increasing proportion of the population in 
towns has an unfavourable effect on mortality ; for the gene- 
ral death-rate in the urban districts, which, according to the 
mean rates for the country, and making due allowance 
for age and sex, should have been 20*4, was as high as 
231, while in the rural districts, where it would have 
been estimated at 22*83, h was only 19 0. However, the 
inferiority of town to country, in this respect, is, appar- 
ently» becoming less marked. Next to the subject of 
crowding in towns, comes up for consideration the subject 
of crowding in houses. Some observations in Glasgow 
tended to show that among those living in one and two 
roomed houses the death-rate was 2774 per looo ; 
among the occupants of three and four roomed houses,. 
19-45 ; and among those living in houses of five rooms 
and upwards only 11*23 ; but such results cannot be attri- 
buted solely to the extent of house accommodation. The 
fewer the rooms, as a rule, the poorer the person, and 
thcieforc the les? able to procure a supply of good 
and sufficient nourishment, suitable clothing for summer 
and winter, healthful occupation and recreation, and, in 
times of sickness, efficient medical attendance and com- 
forts. (^f the increased mortality to the poor man, one 
cannot say what portion is to be ascribed to the narrow- 
ness of his habitation, and what portion to the com- 
bination of various other and accompanying causes. A 
whole chapter of the book under notice is devoted to the 
effect of occupation on the death-rate, but we have not 
the space to allow of quoting from it. The chapters on 
the mortality due to each of the seven chief infecUous> 
diseases, and to certain other special diseases that fiesh 
is heir to, will prove little less interesting to the reader 
than those to which we have more fully referred. 

Dr. Newsholme is evidently very earnest in his- 
advocacy of the national registration of sickness, 
sickness of a disabling character. The number of de^ths^ 
registered as due to a specified disease may or may not 
give an indication of the prevalence of that disease. 
The prompt registration of sickness would result iik 
various advantages to the public health. Prophylactic 
measures could and would be taken to prevent the ^ 

of threatening epidemics ; the is<^rion of patients and * 
suspects would be more generally provided for; the 
children of an infected family would be debarred 
attending school ; while the public excitement consequent 
on any unustial warnteg giVeh by the registration mm 
lead to the discovery condititma conducive to 
to the thorough hiBptection (rf woritshops, pulollk 

drams, clothing, and the food water supplies/ v 
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IM^nods of excitement would h^ve an educational value 
^ong parents and householders, and teachers of all kinds, 
and a better knowledge of sanitary principles would 
manifest its presence amongst us in a greater freedom 
from sickness and in an enhanced vigour of mind and 
body* If the* registration of sickness, by informing us, 
warning us, and alarming us, will compel public attention, 
and direct it to matters of public health, and enable us to 
resist our worst and deadliest foes, by all means let us 
Ivtvc registration. 

When one reflects on the attention given to sanitation 
for, at least, the last twenty years, and on the labour and 
money devoted to it since 1B72, when the Public Health 
Act came into operation, one naturally asks what has 
been the effect on the national death-rate of all the 
aacriftces we have made. The answer is, on the whole, 
satisfactory. The mean annual death-rate per 1000 in 
England and Wales, at all ages, males and females 
taken separately, has fallen in each of the last three 


quinquennia, 

as under : - 


I'cmales. 

30 years, 

1841 — 70 

^* 3'3 • 

.. 21*4 

5 years, 

: 87 i -75 

23*3 . 

.. 307 

5 year*!, 

1876—80 

22*2 . 

.. i 9'5 

S years, 

1881-85 

20’4 

.. i8*2 


Here there is manifested a striking reduction in the 
general death-rate, both for males and females. But it is 
desirable to examine this improvement more in detail, 
and to differentiate for age as well as sex. When this is 
done, the cliangc in the death-rate stands out very 
distinctly. 


MeckH Annml DeatluraUs in England and I Vales for 
Periods of Years and Croups of Ages; Males and 
Females separately. 




0- 5 
5-10 
10—1$ 
jS—ao 
»o— 25 
aS-3S 
1^-43 
4S~5S 

53-65 

7 Zls 

^ 5 upwardw 


Males. 


1841— 1871— 1876— 1881-7 
' 70 i 75 , 80 , 3 «; 


7 f 5 
8 - 6 , 
4 ‘ 8 i 
67 , 
89 
9 ' 3 ! 
lyu 
18' S 

32'Oj 
66'7 
U 7 - 4 | 
311 6 


70 i 7 S 


700 O7 
7 '2 6 
4 - 0 ! 

57' 

8'i 
lO’ll 
14*3 
20 1 1 

I* 

6?'4i 07 
149-0,146 
13I5'0 304 


2 59 ' 

4 5 

5 3 
o 4 
8 6 
7: 8 

‘5 I* 
o 19 

6 
6 

11296 


Temales. 


627 
8-4 
S'ol 

t^\ 

8 ‘ 6 | 

io‘i| 
134 
157 
27*8 
597 


6d 

6 

4 

6 

7 

9 

S 2 

61 


5 a 76 -,iBSt- 
8u I 83 


57 

6 

3 

5 

6 

7 

XI 

It 

60 

13 * 

•91*74 


o 50 
'o: s 


■9! 15 

'9i *7 
•*i 59 
'31**9 
•0|»67 


From this table it is seen at a glance that the improve- 
ment in the death-rate has been very considerable for all 
*ges up to 35 j less considerable from 35 to 45 in the case 
of »nd 25 to S 5 in the case of females ; and that 
fer subsequent ages the change is, on the whole, some- 
what adverse. The proportion of urban population 
to rural has increased till at tj;)* prieseipt rporoent it may 
be stptel u ax, but dcsp4e t^s fetit tbmw has been a 
stri|ch^ ah 4 fontinuAus feU 4 d;ilhe, mortality. Of course, 
it moy^ ATSued that tlfe tphead ^ educ^on, and the 
•liflWon of a kaow)«d|^ of tiementary phytiolosical facts, 
h*v^ |Md something to dfe ndth ,hrihglog about this, result, 
■ahd'1^ ^iqlbtaeht is admlii^ j but they canpot account 


cither for the suddenness with which the fall set in or 
the persistency with which it has continued. To sanitary 
works and operations is, probably in a large measure, 
to be attributed the improvement in the death-rate as 
shown above, an improvement that gives 1,800,047 
additional years of life to the 858,878 children annually 
born in England, extending the average lifetime of the 
437,492 males by nearly a year and a half, and of the 
421,386 feanales by not less than two years and three- 
quarters. Apparently, we are taking care of the women 
and children, especially the latter, and if anything could 
now be done to alleviate the wear and tear of adult life, 
arising from the increasing severity of competition, 
especially among men, and to check the evil effects of 
crowding together in great towns, these remarkable 
figures might become more remarkable, and human life 
healthier, happier, and still better worth living. 

In conclusion, we may say that the book is clearly and 
pleasantly written, that the arrangement of the work is 
excellent, and that, although it cannot contain much that 
is new, it is interesting from the first page to the last. 


PJRD-IJFE OF THE BORDERS. 

Btrd-Ufe of the Borders : Records of Wild Sport and 
Natural History on Moorlami and Sei%, By Abel 
Chapman. (London : Gurney and Jackson, 1889.) 

T his is an admirable book of its kind. On the one 
hand, its “records of wild sport” will be full 
of interest to devotees of the gun and rod ; while, on the 
other hand, the trustworthiness of its “natural history” 
IS guaranteed by a statement in the preface that the 
proofs have been revised by Mr. Howard Saunders. But 
it is ppt enough to say that the natural history is trusts 
worthy ; it is also full df original observations, interesting 
alike to the bird-lover and the scientific ornithologist. 
In particular, we may instance a very suggestive chapter 
on migration, which shows among other things the im- 
portance in this connection of distinguishing between a 
species and its constituent individuals. Certain birds 
occur in certain regions all the year round, and therefore 
in those regions might be regarded as non-migratory ; 
but, as a matter of fact, such regions constitute “over- 
lapping zones doubly crossed by the birds in question 
during their migrations north and south, so that although 
the species occupies such a region all the year round, it 
does so only in virtue of a continual changing of its 
representative individuals ; “ those individuals which occu- 
pied this area in summer will be wintering looo miles 
south, while their vacated places are occupied by others 
which had passed the summer 1000 miles north.” 

Again, there are some curious observations on what 
the author calls “ pseudo-erotism,” by which he means a 
display of amatory instincts which occurs on the part of 
black-game, plovers, gulls, &c., in October, or even later. 

“ On wet, foiggy mornings in particular, one hears the old 
blackcocks ‘crooning/ ‘bubbling,* and ‘ sneezing/ as 
excitedly as on a ,^jic day in spring. With a glass, I 
have watched one surrounded by his harem, strutting 
round some bare iittle knowe in the fullest ‘ pi ly.* . . . 
Whether this is merely a chronological miscalculation, or 
aiises from some speciiic cause, the origin of which may be 
lost in the mists of a remote past, the instinct certainly 
exists/* &c. 
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There is another point to which we would like to draw 
attention. It is, of course, well known that telegraph- 
wires are very destructive of bird life upon open moors ; 
but it is generally supposed that, after the wires have 
been set up for a year or two, the birds learn by expe- j 
rience to avoid them, and so do not come to grief in | 
nearly such large numbers as they do when the wires are | 
first erected. Now, whether or not this supposition is 
well founded, it appears certain, from Mr. Chapntan’s 
systematic observations upon the mortality thus occa- 
sioned, that it occurs perennially to an astonishing de- 
gree. The observations were conducted along a line 
of telegraph wires (nineteen in number), and are as 
follows : — 

“ T have heard it estimated by farmers and shepherds 
(and believe they are not far wrong) that more grouse 
meet their deaths annually from these mischievous wires 
than are killed by all the shooters on the moor around. 

• . . This destruction is going on at all seasons of the 
year. It is no exaggeration to say that the roadside is, 
at certain seasons, strewn with remains. Besides grouse, 

I have picked up black-game, partridge, curlew, golden 
plover, snipe, peewits, and other birds. Every morning, 
at break of day, come out the marauding bands of rooks 
front the lowland woods, reconnoitering along the roadside, 
and feasting on the dead and dying.’’ 

As evidence of the cruelty inflicted by the wires, quota- 
tions are made from the author’s note- book, of which the 
following is an example * 

** October 6. — Found to-day four grouse which had been 
severely damaged by flying against the telegraph wires 
on Elsdon Hill. Two were already dead, and pulled to bits 
by the crows. The third had evidently received his wound 
late the night before, and the blow had completely carried 
away his crop, which at that time would be full of heather. 
The poor bird had been hungry this morning, and, re- 
gardless or oblivious of having no crop, had been feeding ' 
—his throat, down to the huge gash, being crammed with i 
heather-slioots. I never saw anything more pitiable in ; 
my life. This bird could still fly, but very weakly, and , 
could not possibly long have survived. The fourth grouse 
had been injured some time before. He also had received i 
a horrible gash across the breast, but it appeared to be ! 
slowly healing.” 

Now, as Mr. Chapman says “ it would be easy to 
adduce hundreds of similar instances” from his own 
neighbourhood alone, every sensible man must agree with 
him when he adds— 

“ Surely, in these days of ultra-humanitarianism, of 
R.S.P.C.A. Associations, and of ‘Wild Bird Protection ' 
Acts’— when a maudlin sentimentality comforts itself by 
fining a poor man for shooting a wild goose in March, or 
for overworking his horse on which perhaps depends his 
daily bread — surely, in these days, the wanton cruelty and 
useless waste above described (carried on for a national 
profit) should not be permitted.” 

Of course the answer to this is, that telegraph wires 
are nowadays an absolute necessity ; but, on the other 
hand, there is a simple solution bf the difficulty, which 
we will mention in the hope that it may be taken up by 
the “R.S.P.CA.,” or some private M.P. in search of 
matqpial out of which to construct a Bill, Let an Act 
be passed, enjoining that all telegraph-wires extending 
over moorlands, or other open spaces frequented by birds, 
shall be run underground. 


“Bird- Life of the Borders” is profusely Illustrated^ 
and in all respects well deserves the patronage both of 
sportsmen and field-naturalists. 

OUH BOOK SHELF. 

Curiosa Matkematicu. Parti. A N cw Theory of Parallels. 

By Charles L. Dodgson, M.A. Second Edition. 

(London : Macmillan and Co., 1889 ) 

Wk noticed the first edition of this brochure in NATURE 
(vol. xxxix. p. 124] at some length ; and now merely 
wish to touch upon one or two points which our author 
animadverts upon in his new preface. Mr. Dodgson 
apparently fails even now, after our letter in Nature 
(/.t'., p. 175), to realize our difficulty with the construction 
in Prop. vi. He says : — “ Bisect the angle : that ^ives 
halves. Bisect the halves: that gives quarters. Bisect 
again : that gives eighths. Bisect once more : that gives 
: sixteenths. Voilt\ tout / ” Shade of Euclid 1 who knows 
I not such things ? We admitted the same (/.t*., p. 175), 
but stated that our difficulty in the construction was the 
condition imposed in the enunciation : viz., “ the chord of 
each such sector not less than the radius of the circle.” 
Take Mr. Dodgson’s illustration of a sixteenth, this would 
necessitate that the original angle should be at least 960^ 

; We do not object to that or to any other size. But this, or 
what is tantamount thereto, we have already brought 
; forward, and have further noted that no one of the chords 
* in Mr. Dodgson’s figures is even equal to the radius. 
But this is not a point touching the author’s argument ; 
and we notice it only because he has pilloried us therefor 
- in his new preface, which some people will read, contrary 
i to his recorded experience. We thought the remarks we 
wrote (p. 175) touching viii. and xi. would have amply 
satisfied him, but he returns to the subject. We need only 
say that the present enunciations of these propositions, 
had they been given in the first edition, would have saved 
us from any misapprehension of the author’s argument. 
This edition is little more than a slightly corrected (there 
was very little need of correction) and so improved 
edition. The proof of Prop. i. is new : on p. 9, line 4, an 
= might advantageously, we think, precede AB. The new 
forms ofviiu and xi. arc : “It is not true that the angles of 
every triangle are together greater than two right angles,” 
and “ It is not true that the angles of every triangle are 
together less than two right angles.” On p. 23 there is 
an uncorrccted false reference in line 5 up : for ui. read iv. 
The proof of xii. has been recast, and in the appendix ii. 
(PP- 43 > 44) about a page of matter, with Euclid’s definitions 
of ratio, has been interpolated. On p. 56 the name R. 
Simpson occurs twice : it should be R, Simeon or T* 
Simpson. It would be possible now, we should suppose, 
after a year’s interval, to speak in somewhat clearer lan- 
guage (“ I understand ”) of Mr. (now Prof.) Cook Wilson*s 
investigations. After a hasty re-examination of Mr. 
Dodgson’s argument, we can only reiterate our admiration 
for this first part of the “ Curiosa Mathematica.” We hope 
other parts are on the way. R. T. 

I Lonpnans' New Atlas. Edited by George Chisholm. 

M.A., B.Sc., Fellow of the RoysJ Geographical and 
, Statistical Societies. (London : Longmans, Gt^h, 

I and Co., 1889.) ' ’ ^ 

! This atlas, although primarily designed for use in 
j schools, aims at being a school and a reference atlas in 
one, and the attempt to effect a compromise between the 
two is certainly laudable. It contains 40 quarto 
16 octavo maps, illustrating the physical conditions of 
the earth, and deaiitig with climate, vegetation, products, 
distribution of population, ethnography, ana . setigion* 
The maps are finished in a good style, and refsitmce tb 
them is considerably facilitated by the system Of 
indexing that has been adopted. In only a few cakbt lw 




the ittinfall been given. It would have been well if a map 
had been constructed to show the mean annual rainfall 
over the entire globe. 

The magnetic variation map is complete as far as it 
goes, but since it does not reach below lat. 60"^ S., the 
two foci in the southern hemisphere are not shown, and 
to a beginner it would appear as if such foci existed only 
in the northern hemisphere. 

The physical features of different parts of the earth are 
generally well illustrated ; but in an attempt to eliminate 
names that have been considered superfluous, it is 
doubtful whether in some cases the line of demarcation 
has not been overstepped and the maps left comparatively 
bare. The two ethnological plates, and the full explanatory 
note contributed by Mr. A. H. Keane, are worthy of com- 
mendation. Some of the subjects of the plates containing 
typical scenes from different parts of the world seem rather 
out of place in an atlas like this. We refer to such small 
cuts as “ Children enjoying a Ride on a Dog Sledge 
and^* Children toboganning in Canada.’^ Again, another 
cut which is supposed to illustrate ‘‘An Aurora Borealis” 
is but a mournful representation of one of the grandest of ! 
natural phenomena, and might be omitted altogether for 
the idea it conveys of the character of an aurora. 

Most of these plates, however, exhibit the physio- 
graphic aspect of different parts of the globe in a very 
clear light. Indeed, such an atlas as the one before us 
should play an important part in public school education, 
and deserves a high place among the political and physical 
atlases now in use. 

Travels in the Atlas aftd Southern Morocco. By Joseph 
Thomson, F.R.G.S. (London: George Philip and 
Son, 1889.) 

When Mr. Thomson began his exploration of Morocco, 
his intention was to write a complete account of that 
interesting country. His purpose was, however, thwarted 
by the fact that he was recalled to England much earlier 
than he had anticipated ; so that he has been able to 
write only a narrative of his personal experiences during 
his travels. In order to preserve what he calls the 
popular and handy character of the volume,” he has 
omitted many things of general and scientific interest 
which will see the light through more appropriate channels. 
The book ought to be cordially welcomed oy a large class 
of readers, for it presents many vivid sketches of places 
which have hitherto been very inadequately known, and 
the people of Morocco are not less ^aphically depicted 
than the physical features of the country itself. Mr. 
Thomson, we need scarcely say, is a most careful and 
exact observer, and he has a vigorous, straightforward 
style, which makes it pleasant for his readers to attend 
him from point to point of his story. The interest of the 
volume is greatly increased by a number of admirable 
illustrations from photographs. 

Eclectic Physical Geography. By Russell Hinman. 

(London : Sampson Low and Co., 1U89.) 

Ws have much pleasure in drawing attention to an 
English edition of this admirable text-book. which has 
already been reviewed in our columns. We can con- 
fidently recommend it both to teachers and students. 
The numerous maps with which the book is illustrated 
wilt make it especially useful to teachers. 

LETTERS TO THE EDITOR. 

[TlSif Editor does net held himseif respensUle for opinions ex- 
jpHewaaf by Us eerrespendents. Imiher can he undertake 
to pr ta cerrpspend wUh the writers oL rejected 

w^mesenpis intended fer this or emy ether part of Natur*. i 
No metiee is taken ef hnenymous eommiemeatiens.} 

«^llit]bradatietn.” 

j aejtkmi to inltoduee the above word for the purpose of 
tiiwatihg the phenomenon of immunity to prison (whether of 


bacterial or other origin) induced by administering to an organism 
gradually increased doses of poison. Mithradates Eupator, 
the sixth and greate t of that name, King of Pontus, is 
stated in classical tradition to have so far impregnated his 
system whh poisons on which he experimented, that finally, 
when he wished to kill himself by some drug, he was unable to 
do so, having inadvertently rendered himself “immune” or re- 
fractory to ail known agents of the kind. 

1 su^ested this term in a lecture at the Royal Institution last 
week ; and previously, in conversation with Dr. Roux, in Paris, 
proposed Us use. The utility of the related terms “ mithrada* 
lize “ and “ mithradatic ” is obvious. The mJthradatic theory 
of inoculations is opposed to the theory of “exhaustion of the 
soil ” and to that ot “ inhibition by the introduction of chemical 
substances dinctly inimical to the growth of disease germs." 

The Persian Mithras is not inappropriately associated with 
the conquest of poisons, since the scorpion was represented as 
lying at his feet. E. Ray Lankesi'er, 

45 Grove End Road, N.W., June 3. 


Report of the Royal Commission on the University of 
London. 

Will you allow me to submit to your readers a somewhat 
difTcrent view of the Report of the Royal Commission from that 
of the able article which appears in to-day's Natu re? 

The writer puts the case clearly and forcibly from the position 
of University College ; and thence, looking down upon the 
existing University, he recommends it to “afford, by means 
of a general examination, a test of attainment for students in 
institutions of as yet imperfect efficiency, and for private 
students.” Those who are justly proud of the work that has 
been done by the present University (which the Commission 
fully and unanimously acknowledge) are well aware of its imper- 
j fections. More or less ** imjwfect efficiency ” might be asserted 
j of most human institutions. But the University has already 
elaborated a scheme of reform which in its essentials has been 
accepted by the Commission ; and we may hope that it would 
grant even more liberal terms in order to secure the great public 
object of unity. It is beside the mark to propose, not the re- 
form of the University— -that both Senate and Convocation desire 
— not even its destruction, for that would leave the chance of 
making a better one in its stead; but its perpetuation in a 
starved, degraded, and hopeless state. 

Surely it would be wiser for University and King’s Colleges to 
accept the position offered them of taking the leading part in the 
reconstituted University, and sharing in its prosperity. For 
what would they surrender ? The &int hope of obtaining a 
reversal of the Report after an uncertain period of suspense 
—always trying for a public institution — and then the task 
of making a new and rival University in London, of providing 
degrees not inferior in credit and yet not superior in difficulty to 
those of the older University, of conciliating the antagonistic 
principles on which the two Colleges were founded and are still 
supported, and of either persuading richer, larger, and older 
medical schools to join them, or running great risk of being 
forsaken by their own medical faculties. 

Both Colleges have, under discouragement and undeserved 
neglect, performed excellent work, and University College 
in particular has done wonders in the last fifteen or twenty years. 
They have always had a grievance against the University of 
London, and were justified in getting tired of waiting on a tardi- 
grade Senate and an amorphous Convocation. They saw a 
chance of obtaining a new joint charter, and pushed their claims at 
all hamd«, including the loss of some of their most distinguished 
members. They have not succeeded, and on the whole they will 
probably be thankful that they have not, for ihcir success would 
have meant the barter of a splendid birthright for a doubtful 
immediate triumph. 

The writer of the article docs not consider the question of the 
great medical schools of London, except to say that ‘‘the 
rejection of a separate University for Medicine is good in itself” ; 
bat in fact the grievance of these bodies is far greater and more 
pressing than that of University Co lege. 

In the real University of London that we all hope to sec— 
—teaching, examining, learning, and growing— the three ®r four 
beat of inese schools will form constituents in many respects 
more academical, more collegiate, and more powerful than the 
nOn-tncdical Faculties of University and King^ Colleges. They 
have traditions, they Itave endowment^!, and they have a scientific 
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Mi^eU «s B purely medical dlscipIlTie. Their student«> are for 
the most part older than those of the Arts Faculties, they have 
more of n common life, and they are wholly engaged in the 
studies of the pl^e ; whereas a large number of the nominal 
students in the two Colleges arc buyers of scraps of knowledge, 
rather than University students as the phrase is understood at 
Oxford, at Edinburgh, ov at I^eipng. 

The chief difficulty which the minority of the Commissioners 
have evidently felt is that, by the constitution of the existing 
University, candidates are admitted to most of its degrees who 
have passed the several examinations, whether they nave been 
educated in polleges or no, and whether in London or elsewhere. 

hut it muit be remembered (l) that this was not the original 
constitution of llie University, but a later modification ; (2) that 
the change has never been carried out in the Faculty of Medicine, 
which is confessedly the most successful of the four, and that 
practically it has been confined to the Faculty of Arts, which is 
confessedly tire weakest ; (3) that there is no insuperable difficulty 
in the same University granting degrees to collegiate students 
and to non collegiate, to local students and to others ; for Oxford 
and Cambridge give the same degrees to men from College and 
to those who are “unattached, ’’and the University of Dublin has 
for many vears admitted graduates from outside as well as 
students of Trinity College ; (4) that when a leaching University 
for London has been organized, the number of collegiate students 
will steadily increase, while that of outsiders will diminish ; for 
local centres will gradually develop and claim independent 
existence, as they have already at Manchester, at Calcutta, and 
at Bombay. 

Surely, when the first feeling of disappointment has passed 
away, the Professors of University and of King's Colleges will 
see that they have stilt a splendid position waiting for them to 
occupy. Together with the medical schools, they will enter 
upon the vantage -ground which fifty years have gained for the 
present UniversFiy of London. They wifi influence, and almost 1 
^rect, it, if agreed among themselves ; and if now and then j 
Doctors and even Teachers find that they cannot have their 
way in cveiything, may not the few exceptions be just I 
those in which it, is well for the most liberal and enlightened 
professorial, or clerical, or professional opinion to be moderated 
by the judgment of laymen ? 

Lontion needs a University worthy of the greatest city in the 
world. Three constituents, and three only, arc necessary to its 
formation ; and it is not loo much to say that no two can make , 
it, but that any one of the three can inar it. To obtain this 
great public object, the existing University will have to give up 
many of its prejudices and many of its powers ; the medical 
schools will have to give up some of their independence ; 
Univjrsity and King's Colleges will give up little but a grievance. 
In the long run, by united forces, each healthy and vigorous 
cO.idituent of the renovated University will share in the pros- 
perity and (he progress of the whole. The strongest and the 
beat will have the largest share. 


eat will have the largest share. 
June 6, 


A London Teacher. 


A Lizard Swallowed by a Viper. 


As it Bppenrh horn the “Notes” in the last number of 
Nature that the swallowing of a lizard by a viper is not 
usual, I may mention an instance which came under my own 
observation. Many years since, I captured a viper on Cannock 
Chase, in Stafford shire. The animal was rather sluggish, so I got 
it into a b tx unhurt, and carried It home. There I shook it out on 
to the ground. There came out first the slimy body of a I^aeerta 
mvifara^ followed I y a thinner and livelier viper than that which 
had entered the prison. This result was not 8ur]3riSing,forthc victim 
was about half as long as the swallower, which may explain the 
ejection of the former when the latter exchanged the fresh air of 
the Chase for u stuffiy box. The Hzurd, however, in this case 
was dead, and digestion had begun. T, G. BonneY, 


Resn«rk|ible Meteors. 

The spring of 1^(89 has afforded a very unusual number of 
fireballs, though it is somewhat rare to find the vernal season 
prolific in these phenomena. In the autumn, it is tme^ we 
duentiy hear of conspicuous meteors, but the earlier months of 
the ,y«av arc by no means rich in such apparitions, 

Cjfd March 11, fih. 36m., a fine meteor uf the colour and 
brilliancy of Venus was seen at London. 
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March 13, loh. asm. Large, bright meteor, wUhont s^rk» 
or trail, observed at Dublin, 

March 22, 24, 27, and 31. Fireballs app^rtd at 
Dublin, &c. 

April 15, lab. 24m. Very brilliant fireball observed at Bris- 
tol, Bath, Dublin, Lincoln, London, Ramsbuiy, Worthtftg, itffd 
other places. Though the full moon was shining, the nmeor 
burst out with startling effect, and lit up the sky and landscape 
for several seconds with a degree nearly equal to daylight. 

April 27, 8h. 51m. Fireball equal to Venus seen at Bristol 
and Trowbridge. It fell vertically and moved slowly from a 
radiant probably at R.A. 119*, Deck zS” N., a few degrees eaat 
of Castor and Pollux. 

May 22, loh. 8m, A very slow -moving meteor, as bright as 
Jupiter, and having a great length of path, observed at Bristol, 
Reading, Clifton, &c. 

M.iy 29,ioh. 45m. Fireball, fully r2' in diameter, and shaped 
like a club, noticed at Leeds. It travelled with extreme slow- 
ness, occupying 9 seconds in traversing the 26^ from 141® + 20^ 
to 113® + 23 Its probable radiant was either at 176^ + 9® or 
210® -5®. 

Of these various bodies, the most remark aide were thoae of 
April 15 and May 22, former was undoubtedly one of the 

most brilliant fireballs seen in recent years. The descriptions of 
its apparent path are not, however, sufficiently precise and ac- 
cordant to enable its height to be ascertained. It appears to 
have emanated from a radiant point near Arctunis, and to have 
been very low in the atmosphere at the time of its final outburst 
and disappearance. 

With regard to the meteor of May 22, it displayed some father 
exceptional characteristics, though in point of brilliancy it was 
cert.-iinly inferior to several of the firebuJIs which have been 
lately recorded. As observed by the writer at Bristol, it passed 
about 6® below Vega, and was lost sight of behind buildings, 
which intercepted the view, when close to 17 Ophiuchi. Its pall> 
of 62“ was performed in lO seconds^ so that the motion was ex* 
ircmely slow, As the nucleus sailed slowly along, it distribute 
a train of yellowish sparks in its wake. At Reading, the meteor 
was seen by Mr. G. 1". Davis while observing coloured at an. 
He noticed its course with particular care as from about x* west 
of Corona to between j8 and 8 Scorpii, and gives the points of 
the observed beginning and ending as 226“ H- 31® and 239® - 24^ 
length of track 56®. He notes, however, that this line of 
should probably l>e extended to include the whole visible ait: of 
the meteor's course. The duration was estimated as 15 stconds, 

A yellow train of in length followed the head of the meWor 
as It slowly trailed across the sky, and Mr. Davis describes the 
whole effect as a splendid one. At Clifion an observer watched 
the object as it paKsed from the northern [??J sky to the atar 
Vega, and from inencc into the north-east confines of Scorpio^ 
He remarks that the most curiou.s point in connection with it* 
career was its long duration, which must have been 18 20 

stcond^. 

Comparing the pair of observations at Bristol and Reading, it 
is found that the radiant point of this conspicuous meteor was at 
63“ + 35'’* in azimuth 1531® (reckoned west from south), atid 
altitude X®. It was therefore pursuing a course very tieiriV 
parallel with that part of the earth's surface above which it 
appeared. When first seen at Bristol it was passing over a point 
6 miles cast of Oxford at a height of 50 miles. The Reading 
obseiwer caught sight of it when d miles east by south of 
Farnham, the height being the same. When the object wa» 
obscured by houses at Bristol, its height had increased to about 
55 miles. At Reading it waa last seen wheh above a pobt to 
mil« west of Orleans in France at a height of 58 miles. The 
rapidly increasing distance of the meteor prior to it* diaap^ 
pearance waa of course due to the earth's curvature. 

The real length of path observed at Bristol was 196 
dcscril^ed in 16 seconds, so that the velocity was 12| miles pinr** 
second. At Reading the length was 249 mites in 15 second!*^ 
velocity ifij miles per second. Parabolic velocity would b* 
about 20 miles per second, so that it is pro^ble the meteor WK* 
revolving in Un enipsc of very slight eocentricity— in £act> the 
orbit appears to have been nearly ctrculax in form. 

The radian^oint of this meteor is situated some 7®*outh“ea*t 
off Persei. The position Is a very unusual one for a lUeteor 
shower occurring at this period of the y^fcar. When the cffecU 
of zenuhal attraction Ure allowed fbr^ the radiant is foUnd W 
be several degrees below the pUsition as above 
from a sithple projection of the tVo paths, and within 
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IS* of the Bun's place. The very slow motion of the meteor, its 
conii^ofabJe Jength of path* and the exceptiotul point from 
urhic^ it diverged, combine to render it an object of especial 
inierfat, and further obicrvations of its apparent path would be 
valuable. It probably became visible at an earlier part of its 
path than when first seen at Bristol in Lyra, and it is desirable 
Jto ascertain, if possible, a more precise result for its point of 
appearance. The entire length of its course might then be 
'derived, when it would possibly be found that the distance 
assigned from present data is much shorter than that really 
traversed ^ the meteor. The Bristol and Reading observations 
indicate the whole length as nearly 30a miles, and this, though 
undoubtedly under the true value, is yet far greater than the 
ewnomary tracks over which the flights of these bodies extend. 

Bristol, May 31. W. F. Denning. 

Palttollthic Implements from the Hills near Dunstable. 

During the past twelve months I have found a small number 
of Palceolithic implements at great elevations in North Hcrtfiml- 
fihire and South Bedfordshire, unconnected with existing river 
valleys. Four of the implements — 1386, 13^7, I 391 » * 391 * 

my coUection— are from Cad<Ungton : height above Ordnance 
datum, 595 feet 9 inches. The dry valley dose by, to the west, 
is 4.70 feet, and the ground gradually falls southwards to 409 feet 
at the source of the Ver, near Markyate Street, at a distance of 
ij| mile. The sections at Caddington exhibit red “clay with 
flints,” brick earth (or clay), and tenacious brown clay or loam, 
surmounted by blackish earth, containing broken white-coated 
flints, a few ochreous flints, and numerous blackish Tertiary 
pebbles. The whole deposit rests on chalk, and varies in depth 
from 2 feet to 50 feet. Aware of the importance of finding the 
worked flints in the undisturbed material, 1 have, after long 
searching, found a single implement and one or two fiakes 
situ at the atony bottom of ih^ upper deposit of tenacious brown 
day at a depth of 3 and 4 feet from the surface. A single small 
PafaBolilhic implement I have f)und on the surface at Kenswonh : 
height above Ordnance datum, 759 feet 8 inches. The bottom 
of the valley, mile to the west, at the source of the Ouzel, 
is A 14 feet. Half an ovate Palaeolithic implement, obviously 
derived fi-om the hill-tops, I have found in a field at the bottom 
of a chalky valley near Hoitghton Regis, The Caddington 
implements arc pointed (or longue-shaped), slightly abraded, 
small in size, and cinnamon- brown in colour. The interest 
attached to these finds rests not only on the great heights ; 
mentioned and the positions away from exUling river valleys, 
but in the nature, age, and mode of depasit of the upper tenacious 
brown clay in which the implemcntfi are embedded- The imple- 
ments themselves agree in make and appearance with the well- 
known brown or ochreous implements often found in non-ochreous 
Hand* &c,, in exibiing river valleys. I have at present- seen 
no traces of fossil bones or fresh- water shells in the deposits 
mentioned. Worthington G. S.mith. 

Oumtable. 


Japonene Clocks. 

With reference to your nmice of the Japanese clocks pur- 
chased for this Museum, and described by Mr. A. Rambaut, it 
may prove of interest to point out in somewhat fuller detail the 
Conclusions at which he has arrived as to the cause of the 
peculiarities in their construction It was on account of these, 
to me, unintelligible peculiarities, that 1 invited Mr. Rambaut to 
undertake their explanation, and this, I venture to think, he has 
vefry thoroughly accomplished as follows. The three clocks 
agpee in having a dial on which the time is indicated by a pointer 
attached to* and deacentUng with, the weights. In other re- 
spects they dijOfcr* though all arc made more or less on the same 
principle. The largest of the three appears the most important, 
and th« greater part of the paper is occupied in explaining its 
^nstiruction. The dial of this is divided by vertical lines into 
y* etjual spaces, which are crossed by a series of thirteen grace- 
ful curves. An examlnatirm of these efurves leads to the con- 
clusion that they were intended to divide the day and night, at 
all leaaona of the year, into six equal portions each. This 
waa oommoti enough in ancient times, but the peculiarity 
orBiM elodea U that they show ih© day to have been reckoned, 
not mHtt sunrise till sonaet, but from the first noticeable, streak 
twilight until the sun had reached a corresponding 
ntstipoe Mow the western hbrUotu This distance is equal to 
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13'", and the form of the curves leads to the conclusion that the 
clock was constructed in a latitude of about 34^' very little 
less than that of Miako, formerly one of the principal cities in 
Japan. An examination of the two other clocks, almougb they 
ditfer very much in detail, supports the conclusions derived from 
a study of the first. V, IUli.. 

Science and Art Museum, Dublin, June i. 


Luminoue Night-Clouds. 

For (he first time this year these clouds appeared in this 
locality last night, between 10 p.m. and midnight. 1 inclose 
sketches, os with my reports in former years, made at half-hour 
intervals, exhibiting development and movement ; which latter 
has been in this case from west to east, a direction the reverse of 
light local wind. A depression of temperature was noticed, as 
on former occasions. Minimum (on gra«s} fell to 40'’ F, 

It may be remembered by some of your readers that when first 
pointing attention to this annual phenomenon some years ago, and 
affirming the self-luminous character of these cloudlets, at ap- 
parently high altitudes, the name “nubeculfe boreales” was 
suggested to distinguish them from simple auroral effects, Herr 
Jesse, of Berlin, has recently (Nai ure, vol. xxxix. p. 537) 
noted their occurrence toward the South Pole also, and pointed 
to their probable cosmical importance. Detailed observations 
of any of your correspondents:, made during the present reap- 
pearance of this phenomenon, would be accepted by the writer 
thankfully, toward a fuller discussion of the subject. If, as would 
appear, it is chiefly of a Polar character, the name proposed 
should be modified to include the South Pole, and these clouds 
so ilesignated “nubeculoe polares” (or “ noctilucs: ”). 

D. J. Rowan. 

Dundnim, Co. Dublin, June 8. 


Note on some Hailstones that fell at Liverpool on 
Sunday, June 2, 1889. 

Being in the Physical Laboratory at about 3.35 p.m , about 
which time a violent thunderstorm took place, accompanied by 
hail and rain, 1 went outside ami picked up what scemetl to me 
a fine specimen of hail I brought it inside, meu'^iircd its diameter 
with a pair of calipers, and found it to be 2 9 centimetres. 

I then placed it on a slate slab, on which it gradually melted 
down until it shtiwed a very fine section, a picture of which is 
given below. 



Tbe centre was circular, and consisted of opanueice, about the 
size of an ordinary hailstone ; this was surroun(led by a circle of 
almost perfectly clear ice, this again by a circle of oi>aque ice, 
and this once more was surrounded by almost clear ice, but with 
fine circular lines in it, and bounded by abeautifuUyfriUed outline 
of opaque ice, which imitated in shape the spheroidal itate 
of a crop of water, Outside this again was a thick layer of clear 
ice of crystalline form, the position of whose angles 1 have not 
shown, as I did not observe their position with regard to the frill 
inside sufficiently well 

The diagram is drawn to the right size, omitting the angles on 
the outer covering of ice, the dark parts represent white opaque 
ice. 

If a hailstone Is fi rmed during electric oscillation from cloud 
to cloud, and if it receives opaque ice from one cloud and clear 
ice from another, the aiternatioa of layers would be a natural 
consequence. The violence of the hail scarcely seemed as great 
as their aize justified, and this suggested that electixistatic altmc- 
lion had uph^d them against the force of gravitation doi^n to a 
moderate height above the gi-ound. 

I believe mmofit all the lightning fla«he« that occurred were 
between two douds, as, alihough I was looking out for the form 
of the Bashes, T could only see the sky lit up with a brilliant red 
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or p^Vish glow. Dr. Howard found some baiUtones that were 
c^lindHca] ui fcmn ; those that I found were approximately round 
Imt for the sharp ^ges of crystalline structure. Mr. B. Davies 
meMttredoneanwfound it to be 3*5 centimetres in diameter. All 
the large stones that I found showed the same construction ; in every 
<me there was the same frilled appearance of an internal surface : 
this was also ob.^erved by Mr. B. Davies. 

Koward E, Robinson. 

Physical Laboratory* University College, Liverpool. 


THE SUBDIVISION OF THE ELECTRIC 
LIGHT. 

T en years ago the subdivision of the electric light was 
the burning question of the day. Again it has been 
revived, but the present subdivision is a legal and not an 
electrical problem. 

The puolic interest in electricity roused by the sensa- 
tionaJ telegrams about Edison’s work in 1878-79, and by 
the wonders seen at the Paris Electrical Exhibition in 1881, 
as well as at the Exhibition at the Crystal Palace in the 
following year, made people reflect that the electric light- 
ing of our streets and houses might breed a monster as 
tyrannical as the water companies ; consequently, paternal 
legislation passed an ill-considered Bill, the “ Electric 
Lighting Act of 1882,” to curb electrical repaciousness. 

But had our law'*givers paid attention to what was 
taking place in the City, and had they also possessed some 
acquaintance with the difficulties connected with the 
problem of electric distribution, they would have seen 
that it was on the Stock Exchange that the devouring 
electric Hydra was rampant, and that the general supply 
of electricity was in 1882 but a weak puny infant, which 
would require the most tender care to enable it to reach 
boyhoodi Instead, however, of fostering the babe, the 
framers of the Act of 1882 showed their absolute ignor- 
ance of the way in which a new industry grows up, by 
introducing a clause which specified that at the end 
of twenty-one years the local authority might lake over 
any installation for electrically lighting a district on paying 
the simple market value of the land and plant without 
giving anything for good-will. In view of the improve- 
ments in electrical machinery that might be expected to 
take place in twenty-one years, it might have been anti- 
cipated that before the end of this period the dynamos and 
other apparatus might very properly have been replaced 
twice over* in each case more efficient apparatus being 
substituted for less perfect; but the local authorities were 
still to be empowered to step in, to disregard all that had 
been done in building up a good business, and purchase 
the whole as agoing concern for the mere market value of 
the land and plant. Hence the progress of electric light- 
ing in England w'as strangled at its birth, while vast sums 
were squandered on the legalized gambling of the Stock 
Exchange, the public being unmercifully fleeced, and then 
left without electric lighting or belief in it, 

This instance of paternal legislation was but a repeti- 
tion of the one-sided Act passed to remedy the extortion 
that sometimes accompanied the operation of bills of sale. 
In this case the interests of the borrower w'ere alone pre- 
sent in the minds of the framers of the Act, and they quite 
forgot that by making the recovery of debts on bills of 
sale very difficult they would introduce a new and even 
greater hardship, by making the borrowing of money on 
bills of sale frequently impossible. 

This bone of contention, the Electric Lighting Act of 
1882, was steadily snarled over and growled at, until last 
year the two Houses of Parliament saw fit to swallow a 
new Act, which, by extending the period of compulsory 
purchase to fony-lwo years, and by recognizing that the 
development of an electric light installation might repre- 
something much more valuable than the market 
value of the land and plant, has at last made the general 
difftribution of the electric current commercially possible. 


But in the meantime, over a vast area extending fro^ 
Regent’s Park on the north to the Thames on the souths 
from the Law Courts on the east to Park Lane on the 
west, some thousands of electric lamps had been dotted^ 
all fed from one central station in the basement under thp 
restaurant of the Grosvenor Gallery in Bond Street And 
to avoid the difficulties that would be introduced by the 
clauses in the 1882 Electric Lighting Act, if the streets 
were broken up and the wires put underground, the 
London Electric Supply Corporation, to whom the 
Grosvenor Gallery inst^Iation belongs, erected their 
cables, some 50 miles in length, over the tops of the 
houses. Hence, the legislation that was intended to avoid 
a vested interest being acquired in street conduits has 
forced the erection on the housc-iops of a network of high- 
pressure mains which have now to be specially legislated 
for. 

The productive capacity of the Grosvenor Gallery plant 
having been fully reached, while applications to supply 
current for thousands of incandescent lamps had to be 
shelved for want of means of generating the necessary 
current, the London Electric Supply Association com- 
menced the erection of a vast station on the banks of tli^ 
Thames at Deptford for the supply of current for some 
millions of incandescent lamps ; and it has been mainly 
due to the application on the part of the company to 
obtain powers to run their wires along twenty-seven rail- 
ways and tramw'ays, and through thirty parishes, that the 
recent inquiry by the Board of Trade, lasting from April 
3 to May I, has been held to examine into the whole 
question of ihe electric lighting of London. The result of 
this inquiry is contained in long Report that has just 
been submitted to the Secretary of the Railway Depart- 
ment of the Board of Trade by Major Marindin, this 
Report being agreed to by Major Cardew. 

Eight companies— viz. the Chelsea Electricity Supply 
Company, the Electrical Power Storage Company, the 
House to House Electric Light Supply Company, the 
Kensington and Knightsbridge Electric Lighting Com- 
pany, the London Electric Supply Corporation, the 
Metropolitan Electric Supply Company, the Netting Hill 
Electric Lighting Company, and the Westminster Elec- 
tric Supply Corporation— applied for thirteen provisional 
orders and two licenses. A license is a penmissiop 
granted for seven years, but it is renewable at the end of 
this period. The Board of Trade, however, can only 
grant a license when the consent of the local authority 
has been previously obtained. A provisional order, on 
the other hand, requires no consent of the local authority 
of the district, andf is granted for a period of forty-two 
years. After a provisional order has been approved of by 
the Board of Trade, it requires to be confirmed by a Bill 
in Parliament before it can come into force. Neither^be 
license nor the provisional order when granted is exclusive 
or creates any monopoly. 

The first point consiciered in Major Marindin’s Report 
is the systems of supply proposed to be used by the 
various companies applying for powers. They may be 
divided into a supply by direct current, and a supply by 
alternate cuirent. The direct supply by means of con- 
tinuous currents is dealt with under three beads 
The system adopted by the Chelsea Company— viz. the 
use of one generating station fora considerable area^ 
plying current to charge several accumulator stations at* 
different points within the area of supply with a pressure of 
from zooo to 2000 volts, each station having:adupljcate set 
of accumulators. The supply mains leading from these 
accumulator stations are intended to carry the current 
directly into the houses at a pressure of 100 voUs» the supply 
being entirely from the accumulators. This is the system 
of transformation that was o^inally sujp^ed by Sfr 
William Thomson at the of the Bntish Assoda^ 

tion at York. The system adopted by the Kensibgto 
i'.nd Knightsbridge Company, which ia at the pries 4 lUl 
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moment supplyin^^ partly by accumulators and partly by 
dyoamoa— the former doing the whole work during the 
hours of minimum supply, and the latter being employed 
in charging the accumulators and supplementing the 
direct supply from the accumulators during the hours of 
m^imum supply. The accumulators are all stationed at 
generating station, and merely serve as a reserve of 
power. Since they arc not employed to effect a transfor- 
mation from a high to a low pressure, they do not intro- 
duce any saving in the size of the distributing mains, as 
in the case of the Chelsea system. Hence the Kensington 
system, which the Notting Hill Company proposes also to 
adopt, would require several generating stations for the 
lighting of a large area, (c) Direct supply at low pressure 
without the use of accumulators, such as is at present 
employed by the St. James’s and Pall Mall Company. 
This system is also only suited for distribution over small 
areas, not exceeding half a mile in radius, since the 
absence of any system of transformation necessitates the 
employment of very large conductors. This last system has 
also the disadvantage of alternate current distribution, as 
the supply, being directly dependent on the steady working 
of the machinery, is liable to be seriously affected by even 
a temporary breakdown, which is, of course, not the case 
with the direct current systems (a) and (fi), 

It is interesting to note that no system of direct current 
transformation, other than that effected by the use of 
accumulators, has been proposed by any of the companies 
or referred to in Major Marind in’s Report ; probably because 
all direct current transformers, “motor-dynamos,” &c., 
that have yet been devised, employ moving parts, and arc 
therefore in their present form unsuitable for transforma- 
tion in private houses. We cannot, however, but think 
that such direct current transformers might be very 
economically employed at distributing stations, the energy 
being received at high pressure from the main generating 
station, and distributed at low pressure to the houses in 
the neighbourhood of the distributing stations. 

The House to House, the London Electric Supply, and 
the Metropolitan use high-pressure alternate currents 
with transformers, except in the case of the Whitehall 
installation of the last company ; and it speaks well for 
the alternate current system that, while the Metropolitan 
Company commenced at Whitehall with direct currents 
and accumulators, which they first thought so superior to the 
use of alternate currents, they now state in their evidence 
that in their extensions they propose employing alternate 
currents and transformers. In the case of the London 
Electric Company, a double system of transformation is to 
be employed between the current leaving the dynamo 
and the current in the houses of the consumers. The 
supply will be obtained from a very large generating 
station at Deptford, outside the crowded districts of iht 
Metropolis, and carried through trunk mains, at the unpre- 
cedentedly high pressure of 10,000 volts, to transforming 
stations inside, or near, the area of supply, whence the 
current will be taken by distributing mains, at a pressure 
of 3500 or 2000 volts, to the consumers’ premises, and 
transformed there to 100 or 50 volts* Or this second 
transformation may be effected at secondary transforming 
stations, the currents being conveyed from them to the 
houses at the pressure of 1 00 or 50 volts. 

In the case of the House to House and Metropolitan 
Companies only one transformation is proposed to be 
employed, so that several generating stations must be 
erected j as even with a pressure of 2000 volts the con- 
ductors would have to be inconveniently thick if the 
oa^tric energy were conveyed very far. The Metro- 
politan. Company have, thereforej selected sites in 
Sardinia Street, Rathbone Place, South Mews (near 
M^chester Square), Eccleston Place, and Waterloo 
; from each of which a current at 1000 volts 
twll m sent, to be transformed into 100 or 50 volts inside 
ewsumers' premises. 


The Report contains a concise account, written by Miuor 
Cardew, of the relative advantages of the direct and of 
the alternate systems. He refers to the fact that the 
employment of accumulators by the Chelsea Company at 
their distributing stations enables small distributing mains 
to be used ; makes the lighting of the district unaffected by 
even a temporary total breakdown of the machinery, since 
the accumulators that are at any time supplying current 
to the houses are quite distinct from those that are being 
charged ; enables a nearly constant pressure to be main- 
tained at the houses, independently of the number of 
lamps that are turned on ; and, lastly, the current being 
a direct one is applicable for the supply of motive power 
and for other uses besides the production of light and 
heat, and can be more easily measured than an alternate 
current. Major Cardew further adds, as an additional ad- 
vantage possessed by supplying current from accumulators, 
that “there is no doubt that a battery current is less 
destructive to lamps than one supplied from dynamos, 
whether alternating or continuous.” We doubt, however, 
whether there is sufficient experimental evidence on this 
subject to justify this conclusion. 

As a set-off to these advantages the cost of accumu- 
lators is great, as well as that of the skilled attention they 
require, while their efficiency at maximum output is 
probably rather low ; the automatic switches for switching 
the accumulators into the charging circuit when dis- 
charged and into the discharging circuit when charged, as 
well as for regulating the discharge from each cell, are, 
Major Cardew thinks, a weak point, and any failure in 
their action would probably ruin the accumulators ; the 
insulation of large batteries cannot be maintained at all 
high; and the numerous joints that have to be main- 
tained good in the presence of acid fumes arc a source 
of weakness. 

The special advantages of the high-pressure transformer 
system Major Cardew considers to be : the smallness of 
the mains ; the absence of difficulty in maintaining con- 
stancy of pressure in the mains within 2 per cent, over a 
large area ; the pressure in the houses may be different 
in different cases according to the needs of the consumer ; 
the system is simple to work ; the dynamos are simple, 
and can be made in easily replaceable parts. 

The disadvantages are that the high pressure necessi- 
tates great care and expense in insulation ; the conveying 
of this high pressure to at any rate one point on the con- 
sumer’s premises involves some risk to life ; the main 
cannot be handled nor connection made with it when 
the pressure is on ; the transformers cause the regulation 
in tne houses to be not so good as in the mains ; the 
system cannot at present be efficiently utilized for motive 
power, or for electric deposition or other chemical uses, 
such as charging accumulators ; “ and it is very doubtful 
whether a practically successful alternating motor is likely 
to be brought out”; the system depends entirely on 
running machinery ; the general efficiency must be low 
when the supply is near its minimum, which, so long as 
it is utilized ior lighting alone, obtains during about 
eighteen hours out of the twenty-four ; a serious accident 
at the generating station might stop the supply. “Al- 
ternating machines cannot be so readily connected 
together to run in parallel circuit as continuous current 
machines ” ; the instruments and methods for making 
measurements arc far more restricted in number, and the 
measurements are more difficult to make, when alternate 
currents are in question. 

The sentences in the preceding paragraph that are placed 
in inverted commas appear to us to ^ particularly rash. 
So far from saying “ it is very doubtful whether a practi- 
cally successful alternating motor is likely to be brought 
out/’ we should prefer to say that it is almost tertain 
tbatj as soon as there is a widespread demand for cheap 
efficient alternate current motors, such motors will be 
forthcoming ; and, after the experiments shown by Mr. 
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"Mrordey at the end of M^y, at the factory of the Anglo- 
Anaerican Brush Company, on the great facility with 
which alternate machines can be coupled in parallel, 
Mc^or Cardew Aiust, we think, wish that he had worded 
the sentence quoted above somewhat diflfcrently. 

Major Cardew next crlticixes the objections that have 
been urged against the particular scheme involving two 
transformations of the pressure, which the London Etectric 
Supply Association are arranging to carry oitt : that 
tiav^e only one generating s'ation an accident might 
stop the whole supply of current to hundreds of thousands 
"df incandescent lamps. To avoid, for example, the burst- 
ing of a steam “pipe greatly impeding, if not entirely stop- 
SWg, all work by filling the factory with steam, and by the 
eteam condensing on the dynamos and fittings, and so caus- 
ing the high-pressure current to flash where it ought not to 

f o, Major Cardew recommends that the Company shall sub- 
ivide the station at Deptford so as practically to provide 
two distinct generating stations, or shall forthwith establish 
a second generating station in some other locality. With 
reference to another objection, that the proposed pressure 
of 10,000 volts is so enormously in excess of anything which 
has hitherto been worked witn, as to cause the scheme to 
be a gigantic experiment, he very rightly points out that, 
as there has been successfully used for some time at the 
Orosvftnor Gallery installation over ten times the pres- 
sure that was believed to be the limit of safety a few 
years ago, “and as the so-called experiment of still 
further raising the limit of pressure would, if successfully 
carried out, be of immense benefit both to the public and 
electric light undertakers, I do not consider that, under 
proper regulations, the London Company should be pre- 
vented from carrying out a scheme in which they have 
shovn the greatest confidence, and which the majority of 
scientific witnesses who have been called approve of in 
principle.” With this recommendation we heartily 
agree, since all past history has shown that it is 
better to be guided by experience than by preconceived 
notions. 

The final conclusions arrived at in the Report embrace 
several page«, but they may be briefly summed up as 
follows That it must be admitted that the science of 
electric lighting has now reached the point at which a 
supply can be made which will be of great benefit to the 
public, and that the power of obtaining this supply should 
be within the reach of all persons who may require it,” 
and therefore, although the wishes of local authorities 
should be consulted, “ the mere objection by a local 
authority to the introduction of a company proposing to 
supply electric light, upon general grounds, should not be 
considered sufficient to exclude such company.” As the 
whole Metropolis may be for purposes of lighting and 
management of roads and streets under the control of 
one central authority, “the provisional orders granted 
for the Metropolitan area should, as far as possible, be 
identical in form, with identical provisions as to supply, 
compulsory powers, interference with streets, and more 
than all as to price.” 

That the scheme adopted in 1883, of dividing a district 
into two areas (A) and (B)— the former an area that it was 
compulsory for the company obtaining the provisional 
order to light ; the second an area wmich the company 
might light if they thought fit, but which they could not 
be required to light until after the expiration of two ^ears 
— be abandoned, as such a distinction of areas is not Ul ely 
to work well, and is not contained in the Electric Light- 
ing Act, being merely introduced for the purpose of con- 
venience ; and that instead the supply shall be compulsory, 
under requisition, over the whole area on equal terms. 
That,/* taking the (Metropolitan) area as a whole, it does 
not appear that it would be wise to fix a lower maximum 
than id per unit.^' Cne Hoard of Trade unit is one 
thousand watts for one hour, so that at three and a half 
watts per candle, which is a fair average efficiency for an 


incandescent lamp, if it is to have p decent life, add 
assuming that a sixteen candle-power gaa-bumerconaojnes 
5 cubic per hour, the maximum price proposed for :^e 
electric supply is equivalent to gas at 7s. per 1000 cubic 
feet, or nearly three times the present actual cost of lights 
ing by gas. In the draft provisional orders several com- 
panies nave asked for the right to make a certain mini- 
mum charge irrespective of the amount Of electric ei^ecgy 
consumed ,* and in the case of the Metropolitan Company, 
they ask to be allowed to charge a hous^ older who 
electric lamps in his house £$ lor. a quarter even if he 
never turns on a single lamp. Cf course such a high 
minimum charge would be absurd, and even that of ijs. 
4/f. per quarter, which the Report appears to consider a 
reasonable one, appears to us much too high. In fact, we 
think that the proposal that there should be no minimum 
rice at all if the householder pays for connecting his 
ousc with the mains might have been strongly urged in 
the Report, instead of it being stated that “ such a pro- 
vision would hardly be necessary where the mintmum is 
reduced as in the Metropolitan Orders,*’ — that is, to 
4d. a quarter. It is further recommended that there shall 
be a revision of the prices in the form of a sliding scale 
based upon the basis of a 10 per cent- dividend, the 
standard being fixed after the experience gained by the 
working of the first seven years. 

In view of the fact that the laying of the mains of 
several companies means so much oead capital which the 
local authority would have to pay for if it elected to pur- 
chase at the end of forty-two years, and that no matter 
what regulations be made as to laying of mains the 
interference with the street must be to a certain degree 
proportionate to the number of companies ha\ ing powers 
over this street, it is recommended that powers should not 
be given to more than two companies over the same area, 
and that one of these companies should be a company 
using the direct current. The following is very important, 
since if passed it will entail a vast expense on the London 
Electric Supply Corporation “ That wherever a company 
now supplying a district by means of overhead wires is 
granted an order for such area, it should be placed under 
the obligation to remove these overhead wires within a 
period of two years from the granting of the order ; and 
jf such a thing be possible that this company should be 
prevented from invading a district in which it has not got 
powers by means of overhead wires.” 

At this Board of Trade inquiry many arguments 
jfiro and am were advanced as to the large companies 
being allowed to invade the areas that had begun to be 
worked by small companies. The large companies raised 
the “ no monopoly ” cry, and urged that they ought to be 
allowed to compete everywhere ; whereas the smaller com- 
panies alleged that the most certain w^ay to bring about 
monopoly would be to allow the large companies to enter 
the areas worked by the small companies, and to ute the 
profits gained by the large companies in non- competing 
districts to enable them to work for a time at a loss in the 
competing district, and by underselling the smaller com- 
panies to eventually drive them out and have the whoie 
field to themselves. Taking all points into consideration, 
Majors Marindin and Cardew recommend that th(»« be 
allotted to— 

(i) The London Electric Supply Corporation: the 
portions of St. Martin-in- the^ Fields lying to the aouth of* 
the Strand and west of St. Martin’s Lane ; the portitqi of 
St. Margot and St. John, Westminster, lying to the north 
of Victoria Street, excepting that portion of St. MarEnrtft 
lying to the west of St. George, Hanover Square ^ St. 
James, Westminster; St. Geo^e, Hanover Sqtuwe; 
Chelsoa ; the Greenwich District ; St. Mary* Rothorhitlie ; 
St Mary, Bermondsey; the district of St. Otevei ibo 
district Of St. Saviour, Christchurch ; and that portion 
St Maty, Lambeth, lying to the nwth ctf Weapnln^r 
Bridge Road. 
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(9) The Metropoliuti Electric Supply Com patty : 
Ht. GUot-in-the-^Fields ; St. George, Bloomsbury ; St. 
Andrew, Holborn, abwe Bar* ; St. George the Martyr ; 
St. Sepilchre, Sa^ron Hill ; Hatton Garden ; Ely Rents 
and Ely Place ; the Liberty of Glasshouse Yard ; St, 
Aone, Soho ; St Paul, Covent (harden ; St. John the 
Baptist ; Savoy, or precinct of Savoy ; St Mary-le-Srand ; 
St Clement Danes and the Liberty of the Rolls ; together 
with the extra-parochial places known as the Charter 
House, Gray’s Inn, Lincoln’s Inn, Staple Inn, and F'urnival’s 
Inn j St Marylebone ; St Mary, Lambeth ; St. Leonard, 
Streatham, and Clapham ; that portion of St Manin-in- 
the- Fields which lies to the cast of Northumberland 1 
Avenue, Charing Cross, and St. Martin’s Lane I 

(3) The Chelsea Elcctricrty Supply Company; the i 
sm^I portion of the parish of St Mary Abbottsac the east 
end of the parish contiguous to Chelsea, which has already 
been ;^reed to by the Kensington Vestry ; as wdl as the 
following, which has up to this time been refused by the 
Vestry of St George, Hanover Square, viz. so much of 
the parish of St. George, Hanover Square, as is between 
the line formed by the eastern boundary of Chelsea parish 
on the west, by Knighlsbridgc, St George’s Place, and 
Hyde Park Corner, on the north, and by Grosvenor 
Place, Upper Grosvenor Gardens, Lower Grosvenor ; 
Gardens, Buckingham Palace Road, Commercial Road, 
and Bridge Road, on the east and south-east. 

(4) The Hou9c to House Electric Light Supply Com- 
pany; the south-western portion of the parish of St. 
Mary Abbotts, Kensington, which has been offered to this j 
company by the Vestry, and which it is willing to accept | 

(5) The Kensington and Knightsbridge Electric Light- i 
ing Company; the portion of the parish of St Mary | 
Abbotts, Kensington, which this company is at present i 
liglrting under licence from the Vestry ; so much of the ' 
parish of St Margaret, Westminster, as lies to the west 
op the parish of St. George, Hanover Square, which is at 
present worked under licence from the Vestry of St, 
Mwearct and St. John, if the consent of this Vestry, 
which is at present refused to the issue of a forty-two 
years’ provisional order, can be obtained. 

(6) The Netting Hill Electric Lighting Company: the 
portion of the parish of St. Mary Abbotts, Ken- 
sington, which has been allotted to the company by 
the Vestry. 

(7) The Westminster Electric Supply Corporation : 
the parish of St. George, Hanover Square; and 'the 
portions of St. Margaret and St, John, Westminster, 
lying to tile south of Victoria street. 

(8) As regards the Electrical Power Storage Company : 
that as the articles of association of this company do 
not mv© it any power to manufacture and supply electricity 
for house* to-housc lighting no provisional orders bft 
given. 

Lastly, that the licenses applied for by the Chelsea and 
Housc-to- House Companies for areas in the portions of 
the jpiarish of Kensington already allotted to these com- 
pantes by the Vestry be granted. 

As regards the City itself, the Commissioners of Sewers, 
ijctlnjjf for the Corjfwration, are asking for tenders ; but 
Major Marindin says that he sees ** no reason why the 
principle that all such lighting should be dope under 
statutory powers and oWigations should be departed 
,5? case ; ” and be Tocormnends that the Board 

of Trade should **urge the Commissioners of Sewers to 
consider whether the orders as rcrqodelled do not suffi- 
cientty provide for ah their requireinents, and to consent 
to adhrlsion of the atea of the City betwewi the' two 
c fflfhpe ting coitipahies, vw* the London and Metrop^itan 
the latter eompany^ being allotted the portion 
the Strand D-iscrlcti hhd the former the Central 
and Hastern portions of the City, so that access may be 
giv^ tift die p^sh of Clhrkenwell, the Veury of waich 
fjpr an order to be granted to this cotirpany.” 


Major Marmdin’s Report was forwarded on May 18, by 
the Board of Trade, to the 1 .ondon County Council, for aan 
expression of their opinion on the subject ; and the Clerk 
to the London County Council has within the last lew 
days sent a reply to the Assistant Secretary of the Rail- 
way Department of the Board of Trade. In this reply* 
while expressing the general aii^oval of the Council to 
the recommendations contamed in Major Mar indin’s Re- 
port, he communicates the following important sugges- 
tions, among several others, which .the London County 
Council desires to make : — 

‘‘ 'Fhat in the case of subways being in future 
made in streets where wires are already laid, the com- 
panies should be under an obligation to remove the wires 
into such subways, and to pay a rent for the use of them, a 
reasonable lime (say three years) free of rent being allowed 
as a set-off to the cost of such removal.” 

Such a regulation it appears to us would be very 
onerous in the case of companies like the Kensington 
and* Knightsbridge Company, who have gone to a con- 
siderable expense in making small special conduits for 
their own wir.is. 

“ That in view of future possible reduc Jon in the cost of 
production which may be made as the result of cxpcrieiace 
and invention there should be a provision that the 
maximum price of 8//, per Board of Trade unit, proposed 
to be adopted, shall be subject to revision at the end of 
seven years ; and that in order to insure healthy competi- 
tion between the companies during that period no 
amalgamation or working agreement between companies 
shall be permitted w'Uhout the consent of the Council. 
That clauses should be inserted providing for the applip- 
lion at the end of seven years of a sliding scale of price 
and dividend, on the basis of n dividend of 8 per cent.’" 
(not 10 per cent, as lecommended by Major Marindin to 
the Board of Trade), “leaving the initial price and 
arrangement of the scale to be determined at the 
expiration of the term of seven years. 

“That the minimum charge for supply should be fixed 
as as possible, and that should such minimum be 
fixed at £1 per quarter or over it should be reckoned by 
the year and not by the quarter, because of the irregular 
requirements of the consumer at different seasons of the 
year ” 

We presume this is to prevent a company charging a 
householder by meter in the winter quarters, and levying 
the minimum rate m the summer quarter. 

“ The Council considers that it would be to the ad- 
vantage alike of the public and the companies that there 
should be one uniform system of regulation and control 
throughout the entire area of London. The Council is of 
opinion that, 35 the representative governing body of the 
whole of London, it should be appointed the controlling 
authority. The Council would further suggest that, if it 
be made the controlling authority, it should be empowered 
to discharge the following duties, viz. ; — 

“ Inspection of lines and works. 

“ Testing current. 

“ Testing and certifying meters.” 

We do not know whether the London County Council 
is aware tJiat a Committee of the Institution of Electrical 
Engineers, and a Committee of the Electrical Section of 
the London Chamber of Commerce, have for some time 
past been engaged in advising Major Cardew' regarding 
the details of an electrical standardizing laboratory to be 
fitted up for the use of the Board of Trade ; and we think 
I that, while n^unicipal regulations may very properly be 
left to the County Council, the standardizing and certi- 
fying of meters would more appropriately form part of 
tne work of that body which is already in charge ^f the 
national standards of weights and measures, viz. the 
Board of Trade. 

The letter of the Clerk of the Council goes on to say : — 
The Council, in view of the fact that some companies 
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have beea, and are now, supplyir^g electricity by over- 
head wires without statutory powers, and being convinced 
of the undesirability of allowing this to be continued, 
would venture tb suggest that, in any further legislation 
on electric lighting, the supply of electricity in any district, 
before obtaining statutory powers for such district, should 
be prohibited under penalt;^.” 

To this we see no objection, now that the Electric 
Lighting Act is so modihed that it is possible for an 
electric lighting company to reap commercial success by 
working under it. 

THE UFE^HISTORY OF A MARINE 
FOOD-FISH} 

II. 

'^HE larval salmon enters the world of a size— though 
^ small — that is readily recognizable, viz. about three- 
fourths of an inch in length, but the marine forms under 
consideration, from their minute size and glassy trans- 
lucency, are almost invisible to the naked eye -just a 
gleam of light broken by the passage of a different 
medium, or a tinge of pigment, arresting attention. Only 
in the cat -fish (which is not much — though it ought to be 
more — of a food-fish) with its large egg, have we a size 
nearly reaching that of the salmon at birth. 

We had left the larval fish tossed about by the currents 
and unable to struggle against them, now floating with 
its yolk-sac uppermost, or hanging in the water with its 
head downward, and again making spasmodic darts 
hither and thither. .Soon, however, it gathers strength, 
and at the end of a week or ten days it glides actively 
through the water, and avoids both obstacles and enemies, 
the younjg cod nimbly escaping the forc^i, poising 
itself in the water with its large pectoral fins (Fig. 1 1), and 



Fio. Ti.— Vonlrftl view of the anterior region of Urval cod (magnified). 

evincing both intelligence and dexterity. Moreover, this 
activity greatly promotes respiration in those like the 
gunard with a motionless mandible, the water being thus 
sent through the mouth and over the branchial region. 
Its mouth has now opened and the yolk-sac has been 
absorbed, while it feeds on the most minute of the little 
Copepods, especially those almost microscopic in size, 
that swarm m the surrounding water. The provision 
whereby such tiny fishes find in the ocean food suited to 
their capacities is one of the most striking features in 
Nature, but it has only recently been carefully investigated. 
It is a notion no longer tenable that during the winter 
and spring the sea, to a large extent, is devoid of the 
wealth of pelagic life so characteristic 0/ the summer 
months— just as it is of the genial waters of the tropics. 
For several years, however, it has been found that a vast 
abundance of minute life of all kinds is present through- 
out the entire year— and frbm the surface to the bottom. 
Moreover, during the warmer months a constant succes- 
sion of young forms rises from the eggs both of the, seden- 
tary and creeping animals on the bottom to the surface, 
vdiere they sport in the summer sun, undergo certain 

' A Oiscottne a«Iiv«reJ by Prof. W. C. McInto$ti, K.R.S , at the Royal 
lostitutUm, cm Friday, February x, 1689. 


changes, and again descend as they assume the form of 
the adult. The pelagic young food- fishes— swimming 
freely in the ocean— thus have a double chance at them ; 
first in their very early sta^ as they rise, and again in 
their larger and later condition as they descend. The 
enormous numbers, countless variety, and ever-changing 
nature of the small animals cither directly or indirertly 
constituting the food of these little fishes form an im- 
portant feature in the economy of the sea. Such animal 
forms comprise those long known in the British seas, 
besides others more familiar to Arctic voyagers, or to the 
sunny waters of the Mediterranean, for, with modern 
apparatus and persistent efforts (thanks to the enlightened 
views of the Government acting through the Fishery 
Board), our knowledge is always extending. 

It is a remarkable fact that it is primarily to plants in 
inshore waters that the abundance and variety of animals 
are in many respects due, especially if estuaries also 
debouch in the neighbourhood. Thus nowhere are the 
swarms of Sagittac, Appendicularians, Crustaceans, and 
other forms of fish-food more conspicuous than in the 
midst of a sea teeming with Diatoms, Rhizosolenise, and 
other Algoid structures.* These nourish many of the 
lower forms upon which the Crustaceans and other higher 
types feed, the latter again falling a prey to the fi^ies. 
Moreover, while the larger forms or the Copepods and other 
Crustaceans, for example, afford suitable nourishment for 
the more advanced post-larval fishes, the multitudes of 
larval Crustaceans {NaupiE) arc adapted to the needs of 
the smallest larval food-fishes. Now this plant-life is 
specially abundant in April and May, just when the larval 
and very young post-larval fishes appear more abundantly 
in the inshore waters, so that the cycle is nearly complete, 
viz. from the inorganic medium through microscopic plant 
and larval Crustacean to the post-larval fish. I have 
mentioned the neighourhood of an estuary as a prolific 
source of food for young fishes, and I need only explain 
further by instancing the case of mussel-beds, which for 
months pour countless myriads of larval mussels into the 
adjoining sea, far beyond the needs of the area as regards 
mussel-culture, but which form a favourite food of the 
little Tishes at all stages, but especially from an inch 
and a half to three inches in length. These fishes feed 
on the young mussels as they settle down on the sea- 
weeds, rocks, and zoophytes in August, after a free- 
swimming larval existence. Like some of the forms indi- 
cated above, mussels live to a considerable extent on micro- 
scopic plants and various minute organisms contained in 
the mud of the estuaries and other sites, so th^t a rich 
and favourite food, universally liked by fishes, is the pro- 
duct of these uninviting flats. Moreover, in passing, it 
may be remarked that, while everywhere preyed on by 
the food-fishes, it occasionally hapj^ns that in turn the 
mussel proves a source of inconvenience to them, for, 
settling on the gill-arches of haddocks, the mussels 
flourish on a site so suitable for aeration and food that 
they by and by press out the gill-cover and impede 
respiration, just as the shore-crab (which is also fond of 
mussels) has its eye-stalks wrenchca out by the slow but 
sure growth of the young mussels which have fixed them- 
selves in their sockets. Nemesis thus, by a chance of 
anchorage, converts a favourite food into a permanent 
inconvenience. 

Again, in cx>nnection with the pelagic food of fishes, H 
is a well-known fact that adult cod are extremely fond of 
sea-anemones,* and some of the rarest species may be 
procured in their stomachs, a feature by no means sur’- 
prising when we remember that Abb^ Picquemare cooked 
and ate his sea-anemones with great relish, and wrote ih 
their favour, as also did Mr. Gosse in our own country* 
Now, the pelagic young fishes, instead of roaming near 

I The feet thet fiehw feed on Inflitorla het omlookwl 

A fcvounte for cod Iq ^e perU ; rad from the wet, ftmonSet 
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the bottom in proximity to the anemones fixed on the 
rocks, and runnini; the nsk of being themselves captured 
for toed, find in the inshore waters in sumtder the larval 
P^achia in mat numbers conveniently attached by 
the mt^th to the little Hydromedus^ ( Thaumantias hemi- 
s^harica and 71 mrlanops) which occur in swarms in mid- 
waten Moreover, the somewhat larger young food-fishes 
{2 to 3 inches) show the same liking for the Ccelenterate | 
gre^p, by browsing on the zoophytes {Obeiia f^eniculata) \ 
which cover the stones and rocks with feathery tufts, yet the ! 
zoophytes are not much the worse for this treatment, for | 
they by and by shoot afresh, and clothe the area once ; 
more with dense forests. The rapidity with which such 
zoophytes grow is remarkable, though we must remember ; 
that in some cases the old stock naturally dies off after i 
having produced swarms of pelagic young. 

Under this rich food, the young fishes grow apace ; ; 
head and eyes, mouth and accessory organs, body and ; 
fins — all rapidly increase ; and the little fish, hatched in 
the spring, say from March to May, is soon in what is ' 
known as the post-larval stage — that is, has lost its yolk- ! 
sac, has assumed a more or less uniform tint, and has gill- ^ 
fringes and teeth. It is about a quarter of an inch long, ; 
and is both active and intelligent, the large head and , 
large eyes of the young food- fishes being at this stage 
specially con^icuous, and in marked contrast with such ; 
as Coitus. The marginal fin is quite continuous at a i 
quarter of an inch, and the lancet-like termination of the | 
caudal end of the body is noteworthy. 

About this time the ventral fins of the young fishes first 
make their appearance, for hitherto they have managed to 
do without them. Moreover, these fins in some, such as 
the rockling and ling, undergo remarkable development, 
forming in the latter (Fig. 7) a pair of great ventral wings, 
conspicuously coloured yellow ; yet in the adult (a ground- 
fish^ they attain no greater dimensions than in the cod, 
both having at a certain stage soft, free filaments or tacilc 
processes at the tip. The ventral fins in the post* larval rock- 
ling (Fig. 12) are equally large, the distal half being black, 



Fig. is.‘<-PoBt*Inrval rockling (enlarged). 


90 that at first sight the Utile fish when captured seems to 
possess a great ventral spine on each side. In the post- 
larval gurnard again, the huge pectoral fins form a drapery 
for the entire body when foldec back, only the tip of the i 
tail extending beyond them (Fig, 13). They are indeed pro- ' 



Fm. 13.— Post-UkrvRl gurnard (enlarged). 


portiottaily as large as in the southern flying gurnards, but 
in these the fins reach full development only in adult life, 
white in the young stages they are comparatively small-— 
exactly the reverse happening in the grey gurnard of our 
seas. The presence of the broad arches of pigment on 
the pectorals of several forms, such as the present species, 
green cod, and armed bullhead, is also an interesting fea- 
ture. We have not yet read the riddle of all these 
changes, but in the ling the great ventral fins are probably 
connected with its roaming or pelagic life, and this ex- 
planation would also suit in the case of the rockling, both 
m tbeit mature state seeking their food on the ground. 

The little fishes at this stage are still more or less 
tr^Uxcent> except in the region of the eyes, which arc 
and on the parts where the pigment occurs. 


Moreover, their fondness for a minute reddish Copepod 
{Calanm finmarchicus)^ which occurs in myriads around 
them, gives the region of the stomach a faint pinkish hue 
from the translucency of the tissues. By and by, however, 
pigment appears, foreshadowing in the cod those peculiar 
squares which give the sides, at a somewhat later stage, 
their tessellated or tartan-like aspect. Besides, they are 
found nearer the bottom of the water, so that they can be 
captured in a naturalist^s trawl with a fine gauze bag at 
the end. There is, therefore, a downward tendency as 
the little fishes get older and stronger, and thus in many 
cases a parallelism exists between them and the minute 
forms on which they prey, for the eggs rise on deposition 
toward the surface, where the helpless larvae (or newly 
hatched young fishes) also often occur, and then they seek 
the lower regions of the water as their size increases. 

There is much that is wonderful in such a life-history, 
especially in the metamorphoses or changes of form 
undergone by many of our best fishes, such as the flat 
fishes (Pleuronectidac), which come out of the egg just like 
a haddock or cod, with an eye on each side, yet in after 
life have both eyes on the same side, as in Fig. 2. Nothing 
like this occurs in any of the higher vertebrates. Gradually 
during growth the body of the fish increases in depth (Fig. 
14), the right or left eye passes over the ridge of the back 
to the opposite side (Fig. 15), while the creature, hitherto 



Fjc. 14.— Voung “ witch *' (/Vt'wnwf/w tii the third itage 

(«n Urged), 



Fig 15.— Young witch” at a later Ktnge, the left eye just appearing on 
the ridge of the head (enlarged). 

pelagic, sinks deeper in the water and exhibits a tendency 
to lie on the side from which the eye has passed, and 
which gradually loses its dark pigment so as to become 
whitc.^ It finally reaches the bottom, taking up its resid- 
ence amongst the sand or sandy mud, and lying with the 
two eyes and the coloured side up, the white underneath. 
The mode by which the eye travA round has been a 
fruitful source of discussion with scientific men, and 
amon^t these the names of Steenstrup, Malm, SchicJdte, 
and Alex. Agassiz abroad, Wy ville Thomson and e^ecially 
Traquair in our own country, are well known. The fact 
is, two methods exist in Nature ; in the one the eye travels 
over the ridge of the head, as just described in the 
flounder ; in the other it traverses the soft and yielding 
tissues of the tiny fish, and so gains the other side- In 
Plagusia^ the species in which the latter remarkable 
change occurs in the post* larval stage, the general tissues 
are so transparent that the creature in a glass vessel can 
only be noticed by the two apparently disembodied eyes, 
or by the gteam of light caused by its movements ; and 
before the change ensues in its eyes it can look ohliRudy 
through its own body and see what passes on the other 
side.* 

* The t^rdy duaimerence of the pigment in forms is intereiting. 

^ Alex. AgeMii, Proceed. Americ. Acad. Arts. andSci., red. xiv. p. S, 1678. 
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Up to this stage in the life-history of both round and 
flstt Ttshes it will have been apparent that the cflTorts of 
man can have Kiple effect on the vast multitudes of the 
eggs and minute fishes. His trawl sweeps beneath them, 
or they are carried harmlessly through its meshes. Not 
even in the case of a trawl blocked by a fish-basket and 
aeveral large skate are any likely to occur. No example, 
indeed, was procured in the trawling expeditions for the 
Commission under Lord Dalhousie. The hooks of the 
liners are too large for the mouth at this stage, and hence 
they escape capture. Their small size and translucency 
also seem to afford protection in the case of predatory 
fishes of their own or other kinds, for they are rare, so far 
aS present observation goes, in the stomach of any fish. 
Their great numbers are doubtless kept in check by some 
means, and we know that even jelly-fishes {c.fr. Pleura- 
brachiee) arc very fond of post-larval fishes. It is only 
when they become somewhat larger that they are preyed 
On by their own and other species, and are swept up in 
thousands by the destructive shrimp-nets on our sandy 
shores. 

While the little food-fishes are assuming the change of 
hue indicated in the preceding pages, tViey in many cases 
seek the inshore waters ; at least systematic use of the 
mid-water and other nets proves that at certain seasons 
they are met with in large numbers at the entrance to 
bays or off-shore, and that a little later, in the case of the 
cod from the ist of June onward, they are visible from 
the rocky margins. The coloration in this species (cod) 
is now beautifully tessellated, and they swim in groups, 
• often in company with the young green cod, at the margin 
of the rocks at low water, and in the little tidal bays 
connected with rock-pools. The latter are often richly 
clothed with tangles, bladder- weed, red and green .sea- 
weeds, and the green Uhia^ amidst the mazes of wdiich 
the young fishes find both food and shelter, capturing 
the little Crustaceans (Copepods, Ostracods, and others) 
swimming there, and snatching the young mussels and 
minute univalve niollusks from the blades of the seaweeds. 
To the zoologist few sights are more interesting than to 
watch the little cod in these fairy lakes, as they swim in 
shoals against the current, balancing themselves grace- 
fully in the various eddies by aid of their pectoral fins. 
In a mixed company, the young cod are easily recognized 
by their coloration, and the reddish hue of the occiput, 
for the blood-vessels there shine through the tissues, which 
generally arc more translucent than in the green cod. 

Prof, G. O. Sars considered that about this stage there 
was an intimate connection between them and the hordes 
of Medusju {Aurelia and Cyaneu) which abound in the 
inahore waters towards the end of summer. He thought 
the young cod approached the Medusa for the sake of 
the minute pelagic animals stupefied by its poisonous 
threads, and that the fish repaid this favour by picking off 
a parasitic Crustacean {Hyperia meditsarum) which clings 
to the Medusa. Observations, continued for a long period 
in this country, show however that this connection is only 
casual and of very little importance, and that certain 
Hyperice are occasionally found in vast numbers in a free 
condition. , 

As the season advances, the young cod arc joined off 
the rocky ledges by a few pollack and whiting, but not by 
the haddock, which appears to have certain social views 
of its own — keeping probably a little farther out. The 
size of this cod late in autumn, as in October, varies, some 
leeching 4 to s inches in length. Their food ranges from 
zoophytes to crustaceans, fnolluaks, and small fishes, and 
in confinement the larger are voracious, an example 
about 5 Inches readily attacking a smaller (3 inchei), and 
swalloiylng it as far as possible, though for some time a 
considerable portion of the body and tail of the prey 
projected from the mouth. Mortov'er, the tessellated 
condition becomes Jess marked, and as they approach 8 
inches in length a tendency in some to uniformity of tint 


is noticeable. Many of those, however, that continue 
haunt the rocky shores artd the tangle-forests beyond low 
water still retain for some time mottled sides, and they 
are known by the name of rock-cod. Further, while their 
growth in the earlier stages is less marked, it is now vc^ 
rapid— even in confinement. The exact rate of growth itt 
the free condition in the sea is difficult to estimate, but 
the little cod of an inch and a half to an inch and three- 
quarters in June reach lengths varying from 3 to 5 inichee 
in autumn, and in the tanks of the laboratory^ specimens 
5 inches in August attain 8 inches the following March. 
At Arendal, in Norway, where opportunities for watching 
the growtli of cod in confinement have been supplied with 
a liberality yet foreign to our country, Dannevig found 
that the cod of 3 mm. in April reached only 15 nun, in 
June, a length somewhat at variance with the condition as 
above staled on our shores. In July they measured 
2 inches, in September 3i inches, and in October 
about inches. The second year they attained 1410 ifr 
inches in length. In artificial circumstances, as well as 
in nature, it is found that great variation exists in the 
sizes of the young fishes of the same age, and this varia- 
tion would not seem to be related to temperature. 

At the stages iust mentioned they now come under the 
notice of both liner and trawler, for young cod 3 or 6 
inches in length occasionally take a haddock-hook, and 
those somewhat larger (q to 18 inches) occur in certain 
hauls of tlic trawl, especially off a rocky coast like that of 
Aberdeenshire, south of Girdleness, as well as on the 
hooks of the liners on rough ground, Special trips, 
indeed, were, and perhaps are, made by the liners for the 
capture of these young cod (termed codling), and llius 
their numbers are kept in check. 

So far as present observations go, therefore, the young 
cod in a free condition reach the length of from 4 to xo 
inches the first year, while in the second they attain from 
10 to 20 inches or more. It probably takes 3 or 4 year& 
(and this is the original opinion of Sars) or more, to reach 
full maturity, and a length of 3 feet or upwards ; though 
he mentions having seen young cod a foot in length, with 
mature roe and mill in the fish-market of Christiania. 
'J'hese, however, were probably abnormal examples. 

Let us now glance at the condition m the whiting. Its 
earlier post-larval stages immediately following those 
obsen^ed in the tanks at the laboratory (for we failed to 
rear them) are even now somewhat obscure, but they 
probably approach those of allied forms such as the cod 
and haddock. The characteristic nature of the Jamd 
pigment, however, would lead to the belief that perhaps 
in the brighter tints {e.g. yellow), differences may occur.. 
Such, however, are lost before they come under observa- 
tion ; for all these delicate and minute forms arc dead 
before reaching the deck, and indeed considerably 
altered. The pressure to which they are subjected in the 
large mid -water net by the crowds of Hydromedusae and 
Ctenophores alone would suffice for this, and the handling 
of the heavily laden net increases the dangers to forms so 
fragile. One about J2 mm. shows in spirit the dorsal and 
anal fins outlined though not separated from each other, 
and permanent rays occur in tbent and in the caudal. 
Minute ventrals arc present, while the pectorals form 
large mobile fans. Groups of black pigment- corpuce|e0 
are distributed along the base of the dorsal and anal fins * 
and over the brain, and a similar senes occurs along thii 
ventral median line of the abdomen. The- shiea have 
these blackish pigment-corpuscles more genofOUv 
tributed than in the cod. No basbel is noticeable. When 
a little longer (15 mm.), the species is distihguisbed h&ttn 
the young cod by a more abundant distribution bUdt 
pigment-specks along the sides of the body and m the 
fins, and by the greater length and diminished df 
the first anal fin. The median line of pigthent HiS itmft 
along the ventral surface of the abdothen. At jMh 
the characters that distinguish it from the codof^he Sidtw 
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ftixa are better marked, v\z, the di«»tributic>n of dense 
blackish pigment along the base of the dorsal fins ; and 
it soon spreads downward over the sides. The first anal 
dn atstiines the character of the adidt, and a minute 
|»apilla. indicates a barbel. Between the stage just 
mentioned and a length of 28 inin. a decided change in 
tlie dense dorsal pigment takes place, viz, a tendency to 
form separate groups or touches (I* ig. 16). These differ from 



Fig. 16 ^ — Vouns whiting, with Kerrutfd dorsal iMgi>t«Hi-band and parasitic 
Chi^Umus. 

the cod in being confined to the dorsal region, though a few 
bars occur at the base of the tail. 'I*he fish is also now i 
minutely decked, all over the head, sides, snout, and fins 
with black pigment, and its general outline approaches 
that of the adult. It is at once distinguished from the ' 
young cod by the shortness of the snout, irrespective of ' 
the features already pointed out, by the coloration, and by 
the shape of the first anal fin, ' 

The differentiation of the two spetries, viz. the cod and 
the whiting, is very marked in spirit at the length of { 
34 mm. In the whiting the median dorsal fin is less 
abruptly elevated than in the cod, and the first ana Is ' 
diverge widely, the elongation of the latter being probaldy , 
connected with the abbreviation of the abdomen. 'I’he 
biKly of the wliiting is more plump and neatly rounded 
than in the cod, which is flatter and has generally a more 
prominent abdomen. 'I'he pigment-specks closely cover 
the sides of the body in the whiting, as well as the mem- 
branous webs of the dorsal fins, and are continued on the 
head. The pigment at the base of the caudal rays is more , 
distinct in the w'hiting,and the lancet-like caudal termina- 
tion of the body is longer in this species. The myotonies 
arc coarser in the cod, and the surface has little of the ; 
dappled silvery sheen of the whiting. 'Khe chromato- | 
phorcs arc larger in the cod, and are grouped in blotches ; 
over the surface, with intermediate pale patches, and ■ 
the shoulder and head have much less pigment than in 
the whiting. Both the pectoral and ventral fins of the ^ 
cod are shorter than those of the whiting. The snodt in ; 
the latter is shorter and broader as well as deeper, and 
the short sub-mental papilla is in contrast* with the long ^ 
barbel of the cod of the same length. The whiting, 1 
produced from an egg of larger size, would appear to 1 
attain a plump body and finished outline sooner than ! 
the cod. ^ [ 

The foregoing stages are very abundant in autumn in 
the deep water off the Isle of May and the mouth of the 
Forth, but they also appear west of Inchkeitb in the 
latter estuary. They arc indeed more characteristic of 
the former ri^ion, as far as present observations go, than 
of the shallow water of the open bays, such as St. 1 
Andrews^ though on reaching a somewhat laigcr size | 
th^ are quite common in the latter expanse. Both they I 
and the cod in these early stage# are infested by a | 
Crustacean parasite {Ckalimut)^ which adheres to various j 
parts of the head and body, just as the larval Ancem j 
t^ena^ousiy attacks the young flounders in tidal harbours 
ineho^ grounds. 

The young whiting at a later stag^ (3 to s ihches) joins 
^e young cod at the margins of the rocks, and forms 
independent shoals in tidal harbours, as well as occurs 
distance off shore, being frequently got in the 
ttwentter net in the deeper water. Towards the latter 
size (6 toy inches) it readily takes the hooks of the liner, and 
m certain bays the multitudes of young whiting prove an 
inooiwettieBce to the fishermen. As it increases in size 
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great shoals are formed in the ofling, though a few small 
are almost always found in inshore waters. 

The youn^ round fishes, such as cod, haddock* and 
whiting, of similar or nearly similar size, seem respectively 
to herd together. Thus it happens that in certain hkuls 
of both liners and trawlers the majority agree in size. 
This is well known to the liners, who in former da)S 
specially sought out the young cod as already indicated. 
The same feature is observed in many other fishes, and 
probably conduces to their safety. 

So far as known, the adult fishes of the three kinds 
specially alluded to in the preceding paragraph (viz. cod, 
haddock, and whiting) follow no very definite law in 
regard to migrations, if we except the apparent congrega- 
tion in certain regions during the spawning season, as 
pointed out, for instance, by Sars, off Lofoten, where they 
occur in vast numbers from January to March. In our 
own country, again, the appearance of shoals of haddocks 
and whiting in certain localities is another example. 
How far such multitudes, however, are influenced by the 
abundance of food is still an open question. In British 
seas the herring is the main cause of these congregations 
in the cod and haddock ; the former chiefly pursuing the 
fishes, the latter their eggs. In the same way, the 
abundance of Norway lobsters and similar food on the 
grounds called banks exercise con.sidcrable influence on 
the presence of cod. 

It has already been pointed out, however, thqt in the'r 
young stages certain migrations do occur. Thus the post- 
larval cod by and by seeks the Laminaria n region, while 
the older forms for the most part tend to go seaward. 
I’he same occurs even in a more pronounced manner with 
the ling, the adults of which as a rule are found in deep 
water. The pelagic post* larval ling seeks downwards as 
it grows, and is bcldom found near the shore till it attains 
the length of 6 or 7 inches — in short, until it is barred 
with pigment. As it increases in size it migrates seaward. 
Similar features arc noticed in the plaice. As ob.served in 
the trawling expeditions of 1884, only large plaice as a rule 
are procured in deep water off the east coast, while the 
samJybays abound with those ranging from 1 1 inches down- 
ward, ani none of the females of which appear to be mature. 
.Multitudes of little plaice haunt the margins of these sandy 
beaches, but it cannot be said that forms which have the 
length, for example, of 3 inches, are confined to any 
particular line drawn across a bay, for small forms (2 to 4 
inches) occur in hauls all over such a bay as that of St. 
Andrews. Small turbot and halibut in the same way are 
often found in the shallow bays, while the large adults are 
inhabitants of the deeper water. Such would not, however, 
seem to be the case with certain skate, very large adults 
of which occur in the shallow water of the sandy voes in 
Shetland. 

On the other hand, the witch {Pkuronectes cynoglossus) 
keeps to its special areas, both as regards the young and 
the adult condition, so that the movements of eggs, larva] 
and post-larval forms arc circumscribed ; and the same 
would seem to be the case with the topknot {Aeugopterus) 
and sail-fluke {Arnoglosms\ The dab {Pleuroncctes Urn- 
anda\ again, is found in all stages both in comparatively 
deep and comparatively shallow water. 

Almost all our valuable food-fishes, therefore, ai-e 
produced from minute pelagic eggs, the enonnous numbei-s 
of which provide for a vast increase and wide distribution 
of the species ; yet it cannot be said that this habit alone 
provides for their multiplication when the case of the 
herring with its demersal eggs, fixed firmly to the bottom, 
is considered. It has to be borne in mind, however, that 
the larval herring immediately mounts upward toward the 
surface as soon as its strength suffices. 

Many striking changes occur during growth, bflth in 
external form and coloration, but it is difficult at present 
to lay down any general law that would apply to all cases, 
though those in which certain migrations take place 
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dttdog growth show such changes very prominently. The 
young round hshes by and by roam about the sea in 
aboals, led hit]^er and thither mainly by the presence of 
food ; though in the case of the larger and adult forms, 
safoty or Medom from molestation may have some 
influence. Though so minute on escaping froin the egg, 
their growth is, by and by, rapid, and the duration of life 
in such as the cod is considerable. Abundance of food, 
more than any special instinct, would appear to be the 
main cause of their migrations in the adult or $emi>adult 
state, and that food is as varied as their haunts ; in short, 
it embraces every sub-kingdom up to their own, for fishes 
and their eggs form a large share of their diet. 

There would be little difficulty in adding to the sea great 
numbers of larval forms of any species of which eggs 
can be procured : yet if a few adults can be obtained m 
such waters at the proper season it is still an open question 
whether the natural process with its surroundings would 
not be more successful. 

In the foregoing remarks I have but touched on a few 
of the leading features of the life-history of a food-fish ; for 
the subject is one of vast extent, and some of the points 
embraced in it are by no means easily solved. We have 
only earnestly entered on the study of the subject in this 
country within the la.st few years, and much yet remains 
to be done, even in some of the most common marine 
fishes. However, the zoological investigator is here 
stimulated by the fact that all his labours directly bear on 
the public welfare, for it need hardly be pointed out that 
a thorough knowledge of the development and life-histories 
of our food-fishes is the first step to sound legislation and 
effective administration. The State has in past years 
spent princely sums on more or less pure science, as in the 
memorable voyage of the Chaiienger. 'I'here can be no 
doubt that at the present moment the public interests 
demand a searching and long-continued inquiry nearer 
home, viz. the exhaustive investigation of all that pertains 
to the food-fishes of our shores, since the problems 
connected therewith affect the prosperity of so large a 
portion of the population. 


ON THE MENTAL FACULTIES ANTHROPO- 
IMTHECUS CALVUS.i 

T he female Chimpanzee which has now been in the 
Society’s Menagerie for nearly six years has attracted 
general notice, not only on account of her peculiar zoological 
characters, but perhaps still more on account of her high 
intelligence. This is conspicuously displayed by the re- 
markable degree in which she is able to understand the 
meaning of spoken language— a degree which is fully 
equal to that presented by an infant a few months before 
emerging from infancy, and therefore higher than that 
which is presented by any other brute, so far, at least, as I 
have met with any evidence to show. Nevertheless, the 
only attempts that she makes by way of vocal response 
are three peculiar grunting noises— one indicative of 
assent or affirmation, another (very closely resembling the 
first) of dissent or negation, and the third (quite different 
from the other two) of thanks or recognition of favours. In 
disposition she is somewhat capricious, though on the 
whole good-humoured, fond of her keepers, and apparently 
never tired of a kind of bantering play which off and on 
they keep up with her continually. By vocalizing in a 
peculiar monotone (imitative of the beginning of her own 
“ song ), they are usually able to excite her into the per- 
formance of a remarkable scries of actions. First, she 
shoots out her lips into the well-known tubular form 
(depfbted in Darwin's “ Expression of the Emotions,’* p. 
141), while at the same time she sings a strange howling 

‘ Puper rcftd Vwfbr«the Z^dogical Society on Jtttie 4, 1689, by ProC Ceorge 
J. Komiin««, F.R.S. 


note interrupted at regular intervals ; these, however,, 
rapidly become shorter and shorter, while the vocaUia^ 
tion becomes louder and louder, winding up to a climax of 
shrieks and yells, often accompanied with a drumming 
of the hind feet and a vigorous shaking of the network 
which constitutes her cage. The whole performance ends 
with a few grunts. 

A year or two ago it occurred to me that I might try 
some psychological experiments on the intelligence of 
this animal. The circumstances in which she is placed, 
however, did not prove favourable for anything like 
systematic instruction. Being constantly exposed to the 
gaze of a number of people coming and going, and having 
her attention easily distracted by them, the ape waa 
practically available for purposes of tuition only during 
the early hours of the morning, before the Menagerie is 
open to the public ; and, as a rule, 1 did not find it con- 
venient to attend at that time. Therefore, the results 
which 1 am about to describe do not in my opinion re- 
present what might fairly have been expected under more 
favourable conditions : if the Chimpanzee could have been 
kept as a domestic pet for a few months (as I kept the 
Cebus kindly lent me for the purposes of psychological 
observation by this Society), there can be no doubt that 
many much more, interesting results might have been 
obtained. Nevertheless, it appears to me that even those 
which thus far have been obtained are worthy of being 
placed on record ; and although some of them have 
already been published a few months ago in my work on 
“ Mental Evolution in Man,” since that time some further 
progress has been made ; and therefore in the present 
paper 1 will state together all the facts w^hich have been 
hitherto observed. 

Having enlisted the intelligent co-operation of the 
keepers, I requested them to ask the ape repeatedly for 
one straw, two straws, or three straws. These she was to 
pick up and hand out from among the litter in her cage. 
No constant order was to be observed in making these 
requests, but, whenever she handed a number not asked 
for, her offer was refused, while, if she gave the proper 
number, her offer was accepted, and she received a piece 
of fruit as payment. In this way the ape was eventually 
taught to associate these three numbers with their names. 
Lastly, if two straws or three straws were demanded, she 
was taught to hold one straw or two straws in her mouth 
until she had picked up the remaining straw, and then to 
hand the two straws or the three straws together* This 
prevented any possible error arising from her interpreta- 
tion of vocal tones— an error which might well have 
arisen if each straw had been asked for separately. 

As soon as the animal understood what was required, 
and had learnt to associate these three numbers with 
their names, she never failed to give the number of straws 
asked for. Her education was then extended in a 
similar manner from three to four, and from four to five. 
Here, for reasons to be presently stated, I allowed her 
education to terminate. But more recently one of the 
keepers has endeavoured to advance her instruction as far 
as ten. The result, however, is what might have been 
anticipated. Although she very rarely makes any mis- 
take in handing out one, two, three, four, or five straws, 
according to the number asked for ; and although she is 
usually accurate in handing out as many as six or seven ; 
when the numbers eight, nine, or ten arc named, the result 
becomes more and more uncertain, so as to be suggestivC'Of 
guess-work. It is evident, however, that she understands 
the words seven, eight, nine, and ten to betoken numbers 
higher than those below them ; for if she is asked for any 
of these numbers {Le, above six), slie always gives some 
number that is above six and not more than ten ; but 
there is no such constant accuracy displayed in hax^iog 
out the exact number named as is the case below six- 
Qn the whole, then, while there is no doubt that this 
aniitial can accurately compute any number of atma^a up 
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to five, beyond five the accuracy of her computation 
becomes progressively diminished. 

It Is to be noticed that the ape exhibits some idea of 
iQuhiphcation ; for she very frequently (especially when 
dealing with numbers above five) doubles over a long 
straw so as to make it present two ends, and thus to 
appear as two straws. Any of the comparatively rare 
errors which she now makes in dealing with numbers 
below six are almost invariably due to her thus endea- 
vouring to duplicate her straws. In this connection it 
is to' be remembered that, owing to the method above 
described (whereby the ape is required to place each 
straw separately in her mouth until the sum asked for is 
completed), when any high number is demanded a con- 
siderable tax is imposed upon her patience ; and, as her 
movements are deliberate while her store of patience is but 
small, it is evident to all observers that the doubling of 
the straws is intended to save trouble by getting the sum 
completed with greater rapidity than is possible when 
every straw is picked up separately. Of course we do 
not recognize these doubled straws as equivalent to two 
straws, and therefore the persistency with which she 
endeavours to palm them off as such is the more note* 
worthy as evidence of her idea of multiplication. 
Moreover, I am disposed to think that the uncertainty 
which attends her dealing with the numbers six and seven 
is more largely due to her losing patience than to her 
losing count ; although after seven I believe that her < 
computation of the numbers themselves becomes vague, | 
or merged in a merely general idea of many. It may I 
also be stated that, while picking up the straws and ' 
placing them in her mouth, she looks only at the straws 
themselves and not at the person who asks for them : 
therefore she is certainly not actuated in her responses by 
interpreting facial expression, unconscious gesture, &c., 
as is no doubt the case with many dogs which on thi-. 
account are sometimes accredited by their owners with 
powers of ''thought-reading/^ It is needless to add that, 
after asking for the number of straws required, we remain 
silent till the ape has handed them out. 

It is not necessary— indeed it would be unreasonable— 
to suppose that in this process of ‘'counting” the ape 
employs ^ny system of notation. Wc know from our own , 
experience that there is counting and counting, i.e. I 
distinguishing between low numbers by directly ap- j 
predating the difference between two quantities of | 
sensuous perception, and distinguishing between nunibers | 
of any amount by marking each perception with a i 
separate sign. The extent to which the former kind of ! 
computation can be carried in the case of man has been j 
made the subject of a careful research by Prof. Preycr, of i 
Jena {Siis. Her. d. Gesell. f. Med. u. Naturwis.^.^ 1881). | 
His experiments consisted in ascertaining the number of I 
objects (such as dots on a piece of paper) wliich admit of j 
being simultaneously estimated with accuracy, and it was 
found that the number admits of being largely increased 
by practice, until, in the case of some persons, it may 
rise to more than twenty, But of course in the case of a 
brute it is not to be expected that such a high degree of 
proficiency even in this non-notative kind of “ counting ” 
should be attainable, llie utmost that could here be 
expected is that a brute should exhibit some such level 
of ability as is presented by a young child, or by those 
savages whose powers of accurate computation do not 
appear to extwia further than numbers which we write as 
units, ^ It was in view of such considerations that I did 
not attempt to carry the education of this ape beyond the 
number five ; and the result which has aticncied subsequent 
onjdcavours to teach her numbers as high as ten is, as 
previously remarked, exactly what might have been 
anticipate. It may here be added that in the only 
records with which 1 am acquainted of animals exhibiting 
any powers of numerical computation, these powers have 
* W iAKtSnoe, Gattott, “Tropical South AfHca,^ p. 313 I 


not extended beyond the number five. Thus, for instance* 
in his well-known account of these powers as presented 
by rooks, Leroy says To deceive this suspicious bird, 
the plan was hit upon of sending two men into the watch- 
house, one of whom passed out while the other remained 
to shoot the bird on returning to her nest ; but the rook 
counted and kept her distance. Next day three went, 
and again she perceived that only two returned. In fine, 
it was found necessary to send five or six men to the 
watch-house in order to throw out her calculations.” ^ 
Again, Houzeau tells us that mules used in tramways at 
New Orleans have to make five journeys from one end of 
the route to the other before they are released, and that 
they make four of these journeys without showing any 
expectation of being released, but begin to bray towards 
the end of the fifiL® Lastly, the keeper of the eared 
seals now in the Menagerie has recently taught one of 
these animals to '‘count” as far as five His method is 
to throw pieces of fish in regular succession, which the 
animal catches one by one. He throws them in series of 
fives, and, before the commencement of any series, he 
tells the seal to miss the first, the second, the third, the 
fourth, or the fifth, as the on-lookers may dictate : the 
seal thereupon makes no attempt to catch the member of 
the series thus verbally indicated. It is only a day or 
two ago, however, that I witnessed this performance, and 
as yet I am not satisfied that the seal really " counts,” 
because it appears to me probable that the keeper may 
unintentionally throw, with some slight difference in his 
manner of throwing, the piece of fish which he expects 
the seal to miss, and that it is really this slight difference 
in the manner of throwing which the seal perceives and 
acts upon. Therefore, I intend to get an arrangement 
fitted up whereby the pieces of fish shall be thrown 
mechanically. But, whatever the result of this experiment 
may be, 1 think there can now no longer be any question 
lhai it lies within the capacity of animal intelligence to 
“ count” correctly (in the sense already explained) as far 
as five, and even to show a well-marked appreciation, 
although progressively a more and more uncertain one, 
of numbers lying between five and ten. 

The only other direction in which I have thus far 
subjected the Chimpanzee to psychological experiment 
has been in that of attempting to teach her the names of 
colours. It appeared to me that if 1 could once suc- 
ceed in getting her thoroughly well to know the names 
of black, white, red, green, and blue, a possible basis 
might be laid for many further experiments wherein these 
five colours could be used as signs of artificially asso- 
ciated ideas. The result, however, of attempting to 
leach her the names of colours has been so uniformly 
negative, that 1 am disposed to think the animal must be 
colour-blind. It is perhaps desirable to state the facts 
which have led me to entertain this as their most probable 
interpretation. 

The method adopted in these experiments was to 
obtain from the importers of Oriental matting a number 
of brightly and uniformly coloured pieces of straw— each 
piece being cither white, black, red, green, or blue. 
Taking the straws two by two of different colours, on each 
occasion the ape was invited to choose the straw of the 
colour named from the one whose colour was not named, 
and, of course, on choosing correctly she was rewarded 
with a piece of fruit. In this way she quickly learnt to 
distinguish between the white straws and the straws of 
any other colour ; but she never could be taught to go 
further. Now the distinction between the white straws 
and the straws of any other colour is a distinction which 
could have been drawn by an eye that is colour-blind ; 
and from the fact that the ape is always able to perceive 
this distinction (she will search long and patiently for a 
straw of any colour when told that it occurs somewhere 
in the genera) litter of while straws constituting her bed, 

* “ Lett*n, &C.’* '' “ Fac. Meni. des Anim./’ tom. ii. p. 
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eventually picks it out), while she cannot be taught 
to distinguish any of the others, I conclude that her 
failure in this respect is not due to any want of intelligence, 
but to some dc^ciency in her powers of colour-perception* 


NOTES. 

The annual meeting for the election of Fellows of the Royal 
Society was held at the Society’s rooms in Burlington House, on 
June 6, when the following gentlemen were elected : — ^John 
Aitken, Dr. Edward Ballard, Alfred Barnard Basset, Horace T. 
Bfown, Latimer Clark, Prof. David Douglas Cunningham, 
Lasarus Fletcher, William Bottiog Hemsley, Charles Thomas 
Hudson, Prof. Thomas McKenny Hughes, Edward B. Poulton, 
Prof. William Johnson Solhis, Charles Todd, Herl^crt Tomlinson, 
Prof. Gerald F, Yeo, 


The June number of the A>t^ HnlUiiti opens with an ln9truc< 
tive paper on Jamaica cogwood. This is one of the most valuable 
timber-trees in Jamaica, yet until recently its flowers apd fruit 
had not been received in this country, so that, as the writer 
I points out, the position of the plant in botanical classiicatton 
j had been left in doubt. Good herbarium specimens, including 
I dowers and fruit, have lately been sent to Kew by Mr, W. 

; Fawcett, Director of Public Gardens and Plantations (n Jamaica; 

, and from this material Prof. Oliver has determined the cogwood 
j to he a species of /.hyphu!^^ a genus not previously recorded from 
! Jamaica. Zizyphus is the Jujube or Lotus genus of 
j and the fruits of .several species, such as Z, vu/^rans and 
■ Jtt.uha^ have an agreeable flavour, and are commonly eaten* 

; Besides this paper, there are contributions on coooa-nut coir from 
I Lagos, a wheat pest ia Cyprufi, patchouli, P’u-crh tea, and 
I agricultural industries at the Gambia. 

I 


! We take the following from Allen's Indian “The 

The statue of Le Verrier is to be unveiled in the court of the ! appointment of Mr. A. Hartle$s from the Royal Gardens, Kew, 
Paris Observatory on June 25. \ to fill the vacancy in the staff of the Botanic Gardens at Shippur 

I has given much satisfaction. This gentleman is a first-eJass 
PIerr Victor ApFELUKCK, the entomologist, will shortly botanist, and will no doubt contribute hereafter many original 
start, in behalf of the Bosnian Government, on a journey of ! and important observations on the flora of fndia/* 
research in Herzegovina, Last year he discovered in Southern 1 


Bosnia five new species of eyeless cave beetle.^, and his investi- 
gations excited much interest among entom<jlogists. 

According to the BniUh Medical Journal , the programme 
• of the Leeds meeting of the British Medical Association in 
August next “is developing in such manner as to afford the 
ample promise of a meeting of great scientific as well as social 
interest, and one which will be worthy of the traditions of tins 
great meiiical centre.” 

Mr. John Frederk'ic La Tro»e Bateman, F. R.S., died 
on Monday morning at Moor Park, Farnham, at the age of 
seventy-nine, after a severe illness. Mr. Bateman was well 
known as the engineer who supplied Glasgow with water from 
Loch Katrine. 

The death of Eugen F'erdinand von Homeyer, the eminent 
ornithologist, is aanouriced. He had been President of the 
Ornithological Society at Berlin, was the author of several 
■ works, ami possessed the largest existing c Election of European 
birds. He was born at Ilerdin, near Anklam, in 1S09, and 
died at Stolp, in Prussia, on June i. 

Information has been received in Berlin of the death of 
i^r. Bernhard Weissenborn, the zoologist to the German 
"Cameroons Expedition, from a fever contracted through the 
hardships of the work and the bad climate.] 

German papers record the death of Dr. C. Jessen, the 
naturalist, formerly Professor at Greifswald, and lately at the 
Berlin University. He was sixty-eight years of age. 

At a meeting of the Royal Horticultural Society on Tuesday, 
a paper on orchids was read by Mr. H. Veitch. In the dis- 
cussion which followed the reading of this paper, various 
speakers referred with regret to the death of Prof. Reichenbach, 
and to the strange provisions of his will, by which botanists of 
the present genetfation will be prevented from studying his fine 
- collection of orchids. Mr. Thiselton Dyer invited those inter- 
ested in the nomenclature of orchids to put themselves in com- 
jmunication with the Kew Herbarium, and it was stated that 
MeasnA Veitch and Sander could furnish many duplicates of the 
examples which were to be locked up under the will of Reichen- 
bach. .Sir T. Lawrence spoke of an orchid which had been in 
' this c:>untry to his knowledge for fifty years. 


In addition to the pa^^ers announced to be road at the onUnary 
meeting of the Royal Meteorological Society on June 19, a com- 
munication will be made on the recent ihunderstormik, and n, 
number of photographs of lightning will be exhibited. 

A VIOLENT shock of earthquake, accompanied by local sub- 
terranean rumblings, was felt at Brest on June 7 at a quarter 
past one o’clock, its direction being from north to south, The 
shock is said to have resembled the vibration caused by the fi^il:^; 
of a gun of large calibre. On the same day a shock of earthquake 
was felt at New Bedford, in Massachusetts. 

On April I land 14 a volcanic eruption occurred on Oshima 
Island, Japan. It is said that upwards of 300 houses were 
destroyed, and that 170 persons were killed by being buried 
beneath the ruined buildings. 

According# to the Japan Weekly Mail, an earthquake of a 
most unusual character was recorded at 2I1. 7m, 41s. p.m., Oft 
Thursday, April 18, in the Seismological Observatory of the 
Imperial University, Tokio. The peculiarity lies, not in its vio- 
lence, but in the extreme slowness of its oscillations. The 
beginning of the shock had all the characteristics of the ordinal^ 
earthquake, but gradually the motion augmented, until at a 
certain stage of the shock it reached 17 millimetres, but the 
ground swayed so gently that the house did not vibrate vlglWy, 
nor were the senses olive to it. It took from four to seven 
seconds to complete one oscillation — a most unusual pheno-' 
menon, and one never before notet! in the Observatory. The 
motion was almost entirely confined to the horizontal plane, and 
mostly south to north, but there were a few vertical motJoiu of 
equally slow periods. This state of things lasted for 10 minates 
36 seconds. Prof. West, of the Engineering College, observed the 
water in a small pond to oscillate gently from north to south* At 
one time the water-level feU about a inches on one shle of the pemd" 
and exposed the bank, while, a few seconds later, the wotor im- 
mersed it nearly to the same depth, exposing the opposite bank, 
and this prcKiess continuetl for a quarter of an hour. ** Slow 
oscillations of this nature have been called earth-pulsations, and 
these usually take place where there is a destructive eorthTualc^ 

a submarine disturbance going at a great distance. Earths 
pulsations arc known to have caused slow oscillatioiui of thi^ 
w^er in lakes. From this fact H may not be uni^iuotsablv ItP 
conjecture (hat a terrestrial or sabmarine aglfodon of tmd^ 
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mA^aitude has taken place somewhere. The authorities of the 
Scteece Colleipe have sent to the Hydrographical Bareau of the 
Kavat Department, asking for information as to the state of the 
tide add seas. It may be as well to remark that it is not certain 
whether the maximum motion of 17 millimetres, as given by 
the seismograph, is perfectly accurate, as it is very difficult to 
measure slow oscillation like this with absolute certainty." It 
is now known as a fact that Vries Island, outside Yokohama 
liay, atSd possibly sixty miles off, was in a state of violent 
volcanic eruption. 

The Admiralty has published an interesting Report on the 
Itore of the Tsien-Tang Kiang, by Ca)>tain W. L-. Moore, of 
H.M.S. Ramhhry as a fitting termination to a long series of 
tidal observations made on that vessel in Chinese waters. 
Scarcely anything was before known about this phenomenon, 
although it occurs twice a day, seventy miles from Shanghai. 
The bore was found to originate, not at the mouth of the river, 
ns was expected, but twelve or fifteen miles outside it. Captain 
Moore states that the bore cannot be accurately described os a 
wave, there being no undulation, nor any depression after it has 
passed, It is divided into two branches, which join togethei 
four miles from Haining, making a continuous white line two 
miles in length. It shortly afterw.ards contracts in uidth, and 
increases in speed and height, rising 8 to ii feet high, and tra* 
veiling between 12 and 1 3 knots an hour. The three cutters 
employed in making the observations were at times in consider- 
a?>le danger, and the Hydrographer pays a high compliment to 
the skill with which the boats were brought safely out of their 
dangerous situation, 

The meteorological observations for the year t888, made at the 
Kouadon Observatory, Devon, under the superintendence of Mr, 
Cuthbert E. Peek, have been publishe<l. They are a continuation 
of those issued last year. The instruments continue to perform 
to Mr. Peek’s satisfaction, and have been regularly read by his 
assistant, Mr C. Grover. The observatory is a second order 
htalion of the Royal Meteorological Society. 

Me. Thomas Scott, of the .Scientific Depaitroent, Scottish 
Fishery Board, recently fertilized ripe ova of the common 
Kurnntd with milt of the whiting 

Segmentation soon set in, and development proceeded 
f >r about a day and a half; but the ova then gradually sank, 
■showing that death had supervened, this being attributed to an 
imperfect supply of fresh sea- water. An attempt to fertilize 
gurnard ova with milt of the common dab (/Vi:ufvfr^/gs /t/»a/teita) 
failed ; but ova of the lemon sole (R, ) were success- 

fully fertilized by milt of the same species, and floated 
l^uoyantly. 

A SHARK 10 feet long and 4 feet in girth was caught on the 
morning of June 7, about twenty- four miles south-east of 
Ventnot by the mackerel nets of the smack of Brighton. 

It has three rows of teeth, and u supposed to be three years old. 

Traces of glacial action have been discovered on the 
'i'homasberg, which is over 800 metres high, near St. Mar- 
f?aretheto, in the Rosenlhal ici CamioU. 

Messrs. Macmillan and Co. have issued a new edition 
of Pi of. T. H. Core's Questions on Stewart’s Lessons in 
Hiementary Physics." The late Prof. Balfour Stewart, writing 
of the first edition of this useful little volume, said that Prof. 
Core bad made his questions ** at once simple and suggestive, 
leadit^ on in some coses to higher results, so as to cncoirage 
students io proceed with the aabject," 

4 iX students of etlmology and aothtopology will welcome the 
iwmiwr ;of from the Berlin Museum 

fhr Vblkeikundei This periodical, which U dearly printed on 


good paper, takes the place of the Original- MitthHlmigen aus 
tier F.(hnah>gischh% AbthdlUng der iC^niglichen Museen, The 
first number consists of plates illustrating American antiquities, 
with full descriptions and explanations. In some ioMances 
analogous objects from other parts of the world are repre- 
sented along with those from America. The text is by Dr. 
Uhle, and Dr. Bastiah contributes a brief prefatory note. 

An interesting paper on Palueolithk man in America, by Mr. 
W. J, McGee, of the United States Geological Survey, has been 
reprinted from the Papular Stienet Monthly, Mr. McGee holds 
that there is definite and cumulative evidence of man's existence 
in America during the latest ice epioch, with a strong presumption 
against an earlier origin than the first (^hiatemary ice -invasion ; 
and that the primitive American haunted the ice front rather 
than the fertile plain, and must have been hunter or fisherman." 

Among the antiquities recently acquired by the Christiania 
Museum are some from the middle Iron Age, found in two 
barrows at Larvik. They consist of fragments of a lance, a 
shield with iron handle, a pair of shears or scissors, and a 
buckle of silver, besides a number of vessels, among which 
the most remarkable is a glass beaker, ornamented with threads 
of glass fused on to the exterior, a wooden bucket caulked 
with tar, and manyums. Among the latter is a large handsome 
one with long neck. The graves in the barrows were made of 
stones. On a farm in the parish of Tjblling, also on the west 
coast of the Christiania fjord, a barrow, which had been formerly 
disturbed, lias been excavated. Round it is a ring of raised 
stones. It dates from the early Iron Age. On the eastern and 
western side a Bautastm^ or memorial stone, is raised. The 
funeral chamber U built of stone. Only three buckles of bronze, 
with silver ornaments, a plain ring made from an alloy of gold 
and silver, and the jaw-bone of a man with teeth remaining, 
were found. The body had not been burned. A yard further 
to the east a grave with calcined human remains w-as also 
found. 

The fourth issue of the Jahrbuch der Nahirivuscnschaftcn 
has just made its appearance. It is published by the Herder- 
schen V erlagshandlung at Freiburg im Brclsgau, and it remains 
under the editorship of Dr. Max Wildermann. It contains 
about 570 octavo pages, with an introduction. The sub- 
divisions are under the control of different competent authorities. 
The section on physics occupies seventy-six pages, and is under 
the care of the editor ; chemistry, with forty-six pages, and 
several sub-heads, under that of Dr. Hovestadt ; applied 
mechanics, forty-six pages, under Dr. van Muyden ; astronomy, 
thirty pages, under Dr. Franz ; meteorology, under Dr. Pernter, 
forty-four pages; zoology, under three different editors, thirty- 
two pages ; and similarly with botany, forestry, and agriculture, 
mineralogy and geology, nnthroi^ology, physiology, medicine 
and sanitary matters, geography, and ethnography. An 
appendix contains obituaries of eminent scientific men, and a 
report of the proceedings of the sixty- fourth meeting of the 
Association of German Nntihalists and Physicians. 

Naphtha is now much used as fuel in Middle Russia. Last 
year, S8o,ooo tons of it were sent up the Volga for fuel purposes ; 
and it is expected that the export for the same purpose will this 
year reach no less than one million tons. 

The province of St. Petersburg is very rich in marshes 
covered with a thick carpet of vegetation, which conceals water 
to the depth of several feet— sometimes 25 feet and more. Small 
lakes and branches of rivers are continually being transformed into 
such marshes, and M. Taofilieff, who has studied the way in 
which the transformation goes on, comes to the following con- 
dttSions {Mimaites of the St. Petersburg Society of Naturalists,, 
vd. xix.). The iHoneers of the transformation of a lake into 
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a marsh invariably are flowering plants, such as Mtn* 
y^nihes^ Comarunt^ Equiuittm^ Carim^ and the like. 

Their roots and underground stems make a thickly-woven 
floating carpet, fij^ich soon totally conceals the water. The 
S^agnum invades this floating carpet, while the water beneath 
becomes filled with dibris of decaying plants, transformed 
later on into peat-bog. In shallow basins the transforma- 
tion goes on at a much speedier rate, as their bottoms are 
invaded by plants like Pkragmiies and Scirfius Icuustfis which 
reach a considerable height, and thus supply, after their decay, 
a good deal of additional material for the filling up of the basin. 
A mass of smaller plants, such as Lemna^ Hydrocharis^ i 
CaUUricktf Utricularia^ Hypnum Jluitans^ and several others, ! 
usually grow also amidst the rushes. Of course, the streamlets | 
which flow into the basin contribute also to fill it up by bringing 
in sand and loam. As soon as the floating carpet has reached 
a certain thickness, and the Sphagnum has still more increased ! 
itshul|c, various plants, such as Drosera^ Vacciuium^ Emophorunty 
the dwarf birch, and other bushes, begin to grow upon it, although 
the space beneath still remains filled with water. As 
num does not grow upon ponds containing a chalky water, its place 
in such ponds is mostly taken by the Hypnuniy and in these cases 
a variety of other plants, such as Typha^ StraiioUSy ButomuSy 
Eanunculu$ divaricatus, and Chara fragilisy make their appear- 
ance. As to the Sphagnum^ it invades wet meadows as well. 


645$, In the other town* and counties of Hungary there were 
339 apprentice schools, with 1237 teachers, and 38,081 ptipiU. 
For these schools, including those of the capital, the com* 
mmne$ contribute in florins 214,302 ; private individuals, 1387 ; 
Chambers, 680; counties, poSo; State, 35*806 ; fees and fines, 
129,488 ; making a total of 390,843 florins. ^ 

Taa British Consul at Ancona, in his last Report, refers to a 
School of Practical Agriculture established in Fabriano in 1882. 
It is subsidized by the Government, the province of Ancona, 
the municipality of Fabriano, and the local Chamber of Com- 
merce. The school has a Director, two Professors, and a 
Teacher of Practical Agriculture. The course of study is spread 
over three years as follows ; first year, Italian, geography, ele- 
ments of natural history, elementary arithmetic, agronomy, and 
writing ; second year, Italian, geography, elements of natural 
philosophy and chemistry, agriculture, and rural accounts ; third 
year, horticulture, rural direction and management of a farm, 
technical agriculture, and arithmetic. The school at present 
has thirty-six scholars, of whom nineteen are in the first year, 
nine in the second, and eight in the thud. Of these, twelve arc 
agriculturists, ten sons of land stewards, eleven sons of gentle- 
men, and three sons of tradesmen. The day’s work begins at 
5,30 a.m. in winter, and is over at 8 p,m, Seven hours are 
devoted to practical work, five to study, the remainder being 
allowed for meals and recreation. In summer the students rise 


At a recent meeting of the French Academy of Sciences, 
M, de Malarce, speaking of the extension of the metric system of 
weights and measures, gave some interesting figures. In 1887 the 
a^regate population of the countries in which the metric system 
was compulsory was over 302,000,000, being an increase of 
53,000,000 in ten years. In 1887, in countries with a population 
of close on 97,000,000, the use of the system was optional ; and 
the countries where the metric system is legally admitted in 
principle and partially applied (as in Russia, Turkey, and British 
India) had in 1887 a population of 395, 000, 000, being an in- 
crease of 54,000,000 in ten years. The increase is due to the 
growth of population in the countries which had already adopted 
the system, and to its adopti on by new countries. The systems 
of China, Japan, and Mexico, are decimal, but not metric. The 
metric system is thus legally recognized by 794,000,000 of 
people, and the three last-named countries have a population of 
about 474,000,000. So that only about 42,000,000 of inhabitants 
of the civilized world have systems which are neither metric nor 
decimal. 

Sir Arthur Nicolson, the British Consul at Buda-Pesth, 
in his last Report on Hungary, referring to technical education in 
that Country, says that, it will afford an indication of the attention 
which is being paid to this important question to instance the 
steps v^ hich have been taken in Buda-Pesth in regard to primary 
technical education. By paragraph 80 of the Trade Law of 1884, 
-every communey where there are fifty or more apprentices, is 
bound to provide for their education, and to afford special courses 
of instruction. The apprentice schools in Buda-Pesth contain a 
preparatory class, provide a course of three years, and are chiefly 
destined to educate apprentices for the higher trade schools. 
Each district of the town must have at least one apprentice 
school. No class Is to comprise more than fifty pupils, or at 
most sixty pupils ; and should the number of pupils be larger, 
parallel classes can be established. A pupil passes at the end of 
each year Into a higher class if he can show proficiency and good 
progress. Theoretical instruction is given six hours in the week, 
and drawing and modelling are taught five hours weekly, on 
Sundays. The first schools were established in 1887, and 
mtmbqred X2 with 125 teachers. There were 42 classes, or, in- 
cluding the parallel classes, 93, attended by 5173 pupils. In 
1888 the number of schools had risen to 16* the number of classes 
to 127, the staff of teachers 151, and the number of pupils to 


at 4.30 a.m. \ otherwise, with the exception of an extra hour and 
a half for recreation, the studies are carried on as in winter. 

The additions to the Zoological Society’s Gardens during the 
past week include two Australian Thick nees ( (Bdicnemut gcal- 
lanus)y an Ey ton's Tree Duck {Dcndrocygna cyimi) from 
Australia, two Lineated Parrakects {Botborhynchus Hntolatu^ 
from Mexico), two Senegal Touracous {Corythatx persa) from 
West Africa, purchased ; two Elliot’s Pheasants {Phasitutus 
elHoti <J 9) from China, deposited; a llog Deer (Cervus 
porHnus 9), two Mule Deer {Caria^us macrotU 9 9 ), born in 
the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Stony HURST Coleeoe Observatory. — The results of the 
observations mode during the year 1888 at this Observatory 
have recently been published in the ususa! form. The bulk of 
the volume is occupied with the routine magnetic and meteoro- 
logical observations, and an appendix gives the meteorological 
results for St. Ignatius College, Malta. The weather in iflS8 
was less favourable for the daily delineation of the solar surface 
than in 1887, but 223 full-sized drawings were secured, llie 
daily areas of sun-spots derived from these show very strikingly, 
especially as given in graphical form, the nearness of our ap- 
proach to minimum. The chromosphere was completely ex- 
amined on eighty-four days, and partly on three other dates. 
The most important event of the year in connection with the 
Observatory has been the installation of a large grating-spectro- 
scope for the especial purpose of photogjraphing the solar spec- 
trum, and the spectra of sun-spots m particular — a work which, in 
the present state of solar physics, greatly needed to be undertaken, 
and carried out with persevering regularity. The grating is a flat 
one, by Rowland, of 14,438 lines to the inch, and 34 Inches in 
length. It is to be Used in connection with a hefiostat and a 
si- inch object-glass by Alvon Clark. The preliminary experi- 
ments promise well for its efficiency, and the Director of the 
Observatory is to be greatly congratulated ou so valuable an * 
addition to his equipment. 

The Rev. E. Colin, S.J[., who spent the last year at Stony* 
hurst Observatory, has just been appointed Director of the 
French Government Observatory at Antananarivo. 


ASTRONOMICAL PHENOMENA FOR THB 
WEEK 1889 JUNE 1^22, 

/17OR the rei^oBitig of time the civil day, oommeaetog *t 
^ Greenwich mean midnight, counting tW htmn ott to 24* 
U here employed.) 
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At Grtinfwich on June l6 

Sw ri»es» 3I1. 44m. ; touthf, ish. om* 26*59.; daily increase 
of southing, iz’Ss. ; sets, 2oh. I7in,: right asc. on meridian, 
5b. 40'2m. ; decl. 23* 22' N, Sider^ Time at Sunset, 
I3h, sBm. 

hfoon (at Last Quarter on June 20, Sh.) rises, 22h. 

souths, 2h. 35m. ; setL 6h. 44m. : right a«c on meridian, 
nob. 13‘am. ; decl ai 39' S. 

Right nac, and daclliMtioB 

Flaast Ritst. Soaths. ScU. on narldian. 

h< ai> h< in. h. in< h. m. • § 

Mercury., 4 25 ... 12 20 .. 20 15 ... s 59*8 .. 20 14 N. 

Verna ... 1 S 5 •• 9 4 •• 16 13 .. * 437 *2 45 N, 

Mars ... 3 41 .. tz 2 ... 20 23 ... 5 431 .. 24 4 N. 

Jupiter ... 20 47* .. o 43 4 37 » i9'6 ... 23 11 S. 

Saturn ... 8 5 ... 15 38 ... 23 ii ... 9 ••• 16 55 N 

Uranus... 13 55 ... 19 26 ... o 57 **.. I 3 7 *o ••• 6 *7 S. 

Neptune.. 2 37 .. »o 2$ ... t8 13 ... 4 47 — *9 “ N. 

* Indicstu thmt the riaing is thst of the preceding evening and the setting 
that of the following mormog. 

June. h. 

18 ... 2 ... Mars in conjunction with the Sun. 

19 ... II ... Mercury in inferior conjunction with the Sun. 

21 ... 6 ... Sun at greatest declination north ; longest 

day in northern latitudes. 

VaHable Start, 


Star. 

R.A. 
b. m. 

Decl. 

h. 

m. 

U Cephei ... 

... 0 52*5 

. 81 17 N. . 

. June 19, 22 47 m 

V Bootis 

... 14 25 3 •• 

. 39 21 N. . 

■ *6, 

m 

S Librae 

... 14 55*1 •• 

.8 5 S. . 

. „ 17. 21 

15 m 

V Ophiuchi... 

... 16 20*6 . 

. 12 10 .S. . 

. 1. 16, 

M 

U Ophiuchi... 

... 17 io'9 . 

. I 20 N. ... ,, 17, 0 

and at intervals of 20 

53 w 

8 

X Sagittarii ... 

... 17 406 

. 27 47 S. . 

.. June 16, 22 
>. 21, 1 

0 M 

0 m 

W Sagittarii 

... 17 57*9 .. 

29 35 S. . 

. M 19. 0 

0 m 

Y Sagittarii... 

... 18 14*9 • 

18 55 .S. . 

. „ t 

0 m 

T Serpentis . . . 

... 18 23*4 

6 14 N. , 

. n 22, 

M 

R Scuti 

... 18 41*6 .. 

5 50 S. . 

. M 

m 

•n Aquilse ... 

... 19 46*8 

0 43 N. . 

. »» 21, 2 

0 m 

T Vulpeculoe 

... 20 46*8 . 

. 27 SO N. . 

. M 20, 22 

,, 22, 0 

0 m 
oM 

* Cephei 

... 33 35-1 ... 57 51 N 17, 2 

M sigaifiei maximum ; m mimmum. 

oM 


Meieor-Showert 
R.A. Ded. 

Near ^ Ursse Maj oris ... 170 ... SS N. 

From Vulpeculse 285 ... 23 N. ... Rather slow. 

Near ■ Cephei 335 ... 57 N. ... Swift. 


GEOGRAPHICAL NOTES. 

Sio. Giulio Borelli writes from Cairo to the May number 
of the Italian Geographical BolleUino^ on the outflow of the 
River Omo, in connection with Count Teleki’s recent dis- 
covery of Lake Rudolf (Samburu). Combining the data sup- 
plied by this explorer and his comrade, Lieutenant Hoend, 
with his own observations further north, he finds that the Omo 
is a tributary neither of the While Nile nor of the Juba, as 
hitherto Sttpp<^, but almost certainly flows south to Lake 
Rud<^. But at its confluence with the Gojieb, south of Shoa, 
the Omo flows at an allitute of 1100 metres, about the same or 
vety little more than that of Victoria Nyania ; and as beyond 
the confluence it has still a very long and rapid course, it fol- 
lows tW it cannot be a tributary of the great equatorial lake. 
Lake Rudolf stknds at an elevation of about 550 metres, showing 
a fall of over 500 metres from the Gojieb confluence in a space 
of four degrees of latitude. Hence this basin, with its Omo 
feeder, can have no connection with the asserted 

by its discoverers, is in fact a flooded depression without any 
ouriet. Thus would appear to be solved one of the last hydro- 
grephkal problems on the Afirican continent. 

At the last meeting of the Russian Geographical Society it 
Was definite^ announced that the Society decided to take 
^ ih the Gicgmhitial Congress which is to be held at Park 
Eidtibition. At the same meeting, Colonel NadaroflT 


communicated some interesting facts about the South Usuri 
region. It appears that the level of the great Lake Khongka, at 
the sources of the Usuri, has fallen to a considerable extent 
since the Russian occupation of the country thirty years ago. 
Even a hasty glance over the region of the Lower Amur and 
its tributaries, surrounded by numberless lakes, shows that the 
river-bcKls of the region belong to what Beschcl described as 
“ young rivers — that is, rivers which have not yet completed 
the excavation of definite beds. It is natural, therefore, to sup- 
}>ose that the lakes which surround the Lower Amur must by and 
by be emptied into the channel of the great river, and thus 
in the meantime gradually diminish in size. M. NodarofTs 
statement tends to confirm this view, and adds new facts in 
supjjort of the theory of the rapid desiccation of Northern Asia. 

At the meeting of the Physical Section of the Russian Geo- 
graphical Society on May 10, General Tlllo made a communica- 
tion about his remarkable hypsometrica) map of European 
Russia, for which he has collected all available data olnained 
by levellings for the building of railways and along Russian 
rivers, as well as for the draining of marshes, together with data 
furnished by the trigonoineti 4 cal survey of Russia and by 
individual explorers. 


THE PRIORITY OF CHINESE INVENTIONS. 

A WRITER in the North China Afc-ra/if of Shanghai, referring 
to the Chinese claims to have originated many modern 
Western scientific invcntloas, says that Chinese patriotism has 
exhibited itself in an ardent desire to claim priority over 
Europeans in this respect. I'hey arc a very ingenious people, 
and, in past times having invented many valuable implements, it 
has always seemed to them a fair hypothesis that as every 
machine is an improvement on something that preceded it, the 
machinery and telescopes of the West may have original^ at 
first in something Chinese. Yuen-yuen, a former Governor- 
General of Canton, in his ** History of Astronomers, written 
at the l>eginning of this century, again prominently brought 
forward the idea that European mathematics came from China, 
and many subsequent writers have made the same claim. Not 
only is this the case in mathematics, but the Chinese say that 
our telescopes, steam -en^iines, firearms, and cannons are owing 
to them. Ever since China first saw steamers, fifty years ago, 
and since she came to know of the existence of European mathe- 
matics three hundred years ago, she has, from time to time, with 
more or less eagerness shown herself bent on claiming that the 
knowledge and skill shown in the West began in the first place 
with China. Mei-wen-ting, a great Chinese scholar, who died 
at an advanced age in the year 1722, after considering the whole 
question from the Chinese point of view, came to the conclusion 
that Europeans had got their mathematics and science from 
China. Amongst other reasons for this belief he states that in 
the **Chon'pv' a mathematical work of about D.c, Iioo, 
although not expressly stated, the rotundity of the earth is im- 
plied. In the same book are to be found, he says, the properties 
of a right-angled triangle, as, for instance, that the square of the 
hypotenuse is equal to the sum of the squares of the other two 
sides. Since this is a fundamental problem, Mei-wen-ting 
claims that Western geometrical and trigonometrical knowledge 
is due to China. He accounts for the spread of Chinese astro- 
nomy to us by the scattering of the schools of astronomy in 
China, which, according to Seu-ma-chien, an historian who wrote 
a century before the Christian era, took place about B.c. 760. 
The fugitive astronomers, flying from the tyranny of the early 
Chow dynasty, diffused Chinese learning amongst the barbarians. 
Similarly in other matters the Chinese claim that the metaphysics 
of Indian Buddhism are due to the journey of Lao-tse to the 
West. The writer concludes his interesting discussion as 
follows We need not trouble ourselves much respecting the 
Chinese claim to have originated Western science : they only 
claim to have started the preliminary ideas. As to the Chinese 
having always had enligntened views on many scientific and 
political suHects, we may frankly admit it. They speak 2200 
years ago of ooncave and convex mirrors being able to magnify 
objects. Four thousand years ago they had Instruments for 
obsendng the stars. In the year a.d. 1122 they made use of 
the magnet pointing to the south on hoard ship to gujde the 
vessel on her course. With the proviso that they may have 
derived some of their eirly knowledge in these things and in 
others, such as the manufacture of fireworks, from foreign 
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countries, the^e aad many like facts we may allow. But we 
would be glad for them to study the history of Western 
inventions, and show a, willingness to recogniee the ingenuity, 
knowledge, and intellectual power of other nations wherever 
they are found. Let them also enter on a rivalry in inventions. 
Let them make mw discoveries and advance M the arts in new 
ways such as may be of benefit in the world. The Western 
'nations will not be slow to acknowledge any efficient aid they 
miay give in science, politics, or the arts.” 


UNivEmiry and educational 

INTELLIGENCE. 

' Cambridge. — Nearly twenty courses of scientific and medical 
instruction for medical studeotB will be carried on in the Long 
Vacation, including, bci^ides chemical, botanical, anatomical, 
and physiological courses, Or, AnningsoU and Mr. Robinson on 
the examinaiion of water, air, and foods, chemically and micro- 
scopically, and Prof. Roy and Mr. Adami on pathology, morbid 
histology, and bacteriology. 

The Museums and Lecture Rooms Syndicate have recom- 
mended the erection of the buildings recpiired for human 
anatomy, together with the joint anatomical and physiological 
lecture-room, at a cost which will fall within the L 10,000 leported 
to be available for the purpose. 

The honorary degree of Doctor in Science has been conferred 
on Prof. Mendeleeff, of St. Petersburg ; and the honorary M.A. 
on Baron A- von Hiigel, Curator of the Museum of Arcbeeology 
liare. 

The Senior Wrangler, Mr, G. T. Walker, and Messrs, Dyson 
and Gaul, bracketed Second Wranglers, are all members of 
Trinity College. 

In the second part of the Mathematical Tripos, Mtssrs. 
Brunyate, of Trinity, and Orr, of St. John’s, have been placed in 
the first division of Class J., in alphaljctical order ; and Messrs. 
Buchanan, of Peterhouse, and Sampson, of St. John’s, in the 
second division of the first class. 

The Moral Sciences Tripos seems in a st.'ite of rapid progress 
towards obliteration. This year one first class and one second 
.class represent the men ; and this is but natural, for the range of 
work » such as to task the energy and thoughts of a matured 
ithinkcr. 


SOCIETIES AND ACADEMIES. 

London. 

Chemical Society, May 16.— Dr. W. J. Russell, F.R.S., 
President, in the chair.— The following papers were read 
The magnetic rotation of nitrogen compounds, by Dr. W. H. 
Perkin, K.R.S. In previous communications the author has 
shown that in tfie magnetic field the plane of polariaaiion of 
light is rotated to a greater extent in unsaturated than in saturated 
carbon compounds, and it is now shown that in the case of 
nitrogen compounds the magnetic rotation is in like manner 
•correlated with changes in the valency of the nitrogen. From 
the discussion of his results generally the author concludes that 
in compounds of un saturated triad nitrogen, the nitrogen has a 
greater influence than when it is present in the saturated con- 
dition, the difference in the values being about 0*5 ; this is only 
about half the difference usually observed on comparing the 
rotations of carbon compounds differing by two atoms of 
hydrogen. In the discussion which followed the reading of the 
paper, Dr. Gladstone, F.R.S,, said that the general result of 
Dr. Perkin's work, establishing a difference in nitrogen according 
as it is present in the saturated or unsaturated condition, was in 
accordance with the conclusion which he had arrive<l at from the 
study of refractive power ; the peculiarities brought out by the 
study of the magnetic behaviour, however, were efuefty indicated 
by peculiarities in dispersive power, being less obvtoua in the 
refraction equivalents.— The nature of Solutions os elucidated by 
a study of ^eir densities, electric conductivities, heat capacity, 
and heat of dissolution, by Mr. S. U. Pickering, The solu- 
tions examined were those of calcium chloride, calcium nitrate, 
and sulphuric acid, and the various hydrates which ave proved 
to 03^ in solution arfe numerous and complex. The hydrates 
which talcium chloride forms contain 6, 7, 8, jo, 13, 18, 

86 , and 1500 HjO ; calcium nitrate gives hydrates with 3, 3*5, 
4*5, 5, 6, JO, 17, SL aflSi hntl tSio HjO ; while with sulphuric 


add hydrates are found Containing il, L 1 * 4 * 5 i 9 * 

24, 52, 135, 510, J430, and 4950 H5O. The existence of 
these is, naturally, more doubtful in some cases than in others, 
and k is impossible todetermine the exact moleailarcompt^tion 
when more than about ioH ^,0 preswt. In some cases the 
hydrates of sulphuric acid were established bv six independent 
sets of results obtained from the study of lour distinct pro- 
perties. The excessively large amount of water present in 
i the highest hydrate is a matter of especial interest, and the 
’ existence of such compounds explains the influence which mere 
traces of one substance may have on another substance 
impurities in metals). The final conclusion which the author 
I deduces from his work is the absolute rejection of any theory 
of dissolution other than the hydrate theory. — The expansion 
; of water and other liquids, by the ‘ame. The author gives 
i some determinations of the density of water at different tem- 
peratures, which indicate sudden changes in the expansion at 
about 10'’ and r8". On examining the results obtained by 
Pierre, Kopp, Rosetli, Matthiessen, Solly, Despret/, and 
Hagen, he obtained further evidence of these changes, as well as 
of another change at Pierre's results also show marked 

changes at o" and 2^*5. Pierre’s results with eleven organic 
liquids were also examined, and in most of them there appeared 
to be sudden changes of density at certain temperatures, which 
temperatures were different for different liquids. Nearly all of 
these results show that the dendties of liquids when plotted 
againd temperature form a series of paraoobc curves of the 
I second order, not meeting tangentially, and differentiating, 
therefore, into a aeries of straight lines which do not meet at 
the points where the breaks occur. — The formation of phenyl- 
indoles by isomeric change, by Dr. W, H. Ince. It U known 
! -CPh,, 

that the phenylindolc when heated with xinc 

I ^Nll/ 

I ' /Cir 

I chloride at 1 70'*, is convcrlCvi into the isomerideCoTLC jCPh 
! ^NIK 

(F' si’her and Schmitt, AV/*. der (kut ikon, G^fw//w'//,,i887, 107 r, 
1811). The author finds that the corresponding nnphthiudoJe, 
XPh. /CPh. 

/CH, and melhylphenylindole, 0^114'' yCH, 

undergo a like change under similar condition^, although action 
takes place neither so easily nor so completely as in the simpler 
case.— An improved Soxhlet extractor, and vaciunn distilling 
apparatus, by l)r. 1 . Lewkowitsch. 

Institution of Civil Engineers, May 28,— Annual General 
Meeting.— Sir George B. Bruce, President, in the chair. — After 
the reading and adoption of the Report, hearty votes of thank 
were passed I0 the President, to the Vice- President and other 
^Members of the Council, to the Auditors, to the Secretaries 
and Staff, and to the Scrutineers. — The ballot for the Council 
resulted in the election of Sir John Coode, K.C.M.G., as Pre- 
sident ; of Mr. G. Berkley, Mr. H. Hay ter, Mr. A. Giles, 
M.P., and Sir Robert Rawlinson, K.C.B., as Vice-Presidents ; 
and of Mr, W. Anderson, Mr. B. Baker, Mr. J, W. Barry, Mr.’ 
E. A. Cowper, Sir James N. Douglass, F.R.S., Sir Di^las 
Fox, Mr. J. C. Hawkshaw, Mr, C. Hawksley, Sir Brad- 
ford Leslie, K.C.LE., Mr. G. F. Lyster, Mr. J. Manscfgh, 
Mr. W. H. Preeoe, F.R,S„ Sir E. J. Reed, E.R.S., 

M.P,, Mr. W. Shelford^ and Mr. F. W. Webb, as other Mem- 
bers of the Council.— The session was then adjourned ufttil the 
second Tuesday in November, at 8 p.m.— The Council have 
awarded the following premiums in respect of the original cpm* 
munications submitted during the session 18S8-89 :--For papen 
read and discussed at the ordinary meetings ; a Telford Medal 
and a Telford Premium to Gisbert Kapp, ror his paper on alter- 
{ nate*current tnachinery ; a Watt Medal and a Telford Premium 
to William Henry Greenwood, for his paper on the {treafm^at 
of steel by hydraulic pressure, and the plant employed for thd 
purm»n ; a C^oige Stapfieoson Medal and a Telford Premium 
to Edgar Wortbington, mr his paper on the compound prisioipie 
applM to locomotives ; a Watt Medal and a Telford rreniwin 
to Charles Edward Eihecy, (or his paper on the district dlsti^- 
tion of (team in the United States ; a Telford Premlttn to John 
Audley Frederick Aspinall, for hts pi^ron the friction of lopo- 
motive Slide-valves f a Telford Premium to John OUyer Anpoldi 
for his paper on the Jufluenoe of oheuifcal oompositien jtJie 
strength m Besienmr steel tires. For iwpers printed w w 
Proceedings without heing discussed : a Watt Medi 4 rM 4 A 
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Tel^rd Premium to Robert Runebei]S;, for his de8CrI|>tiort of 
for winter navi|;mion and ice-breaking ; a Telford 
Fri^utn ro Bryan Donkin, Jun., f«r his accoubi of experimtnU 
with |[aa- flame jackets ; a Telford Premium 1 1 Prof Victor 
Attgoste ErntJ^t Dwelshauvers Dery, for hia reduction of experi* ' 
ments on the eflect of superheating, steam -jacketing, and gas- 
Aame jackets on cylinder-condensation; a Tdfbrd Premium to 
Robert Henry Smithy for hi^ paper on stress diagrams of solid 
structures ; a Telford Premium to Leveson Francis Vernon- 
Hatcoun, for his paper on Alpine engineering ; a Telford Pre- 
mtmn to George Loj.>eS| for his acc ^unt of the reparation of 
Betchwonh Tunnel, Dorking, on the London, Brighton, and 
South Coast Railway ; a Telford Premium to Neil Kemvedy, j 
for his paper on the tacheorneier and its use^. For papers read j 
at the supplemental meetings of students ; a Miller Scholarship ; 
lo Edwara Carstenseti de Segundo, for hia account of experi- ' 
menis on the strain in the outer layers of cast-iron and steel i 
beams ; a Miller Prize to Henry Byrom Ransom, for hia paper 
on the cyclical velocity -variations of steam and other engines ; 1 
a Miller Prize tu William Wade Fitzherbert Pullen, mr his | 
account of water-softening and filtering apparatus, for locomo- 1 
live purposes, at the Tnff Vale Railway Company** Penarth [ 
Dock Station* near Cardilf ; a Miller Priic to James Denis j 
Twinberrow, for his paper on flexible wheel-bases for railway i 
rolling-stock ; a Miller Prize lo Samuel Joyce, Jun,, for Ins I 
paper on electrical measuring- instruments, their properties and j 
calibration ; a Miller Prize to Jvichard John Durley, for his > 
paper on moulding and casting cylinders for marine engines: 1 
a Miller Prize to Julian James King-Sailer, for his description , 
of the 36-knot SpauUh torpedo-boat Ariete ; Miller Prizes to ‘ 
Charles Henry Gale and Vernon Warburion Delves-Broughton, ' 
for their joint paper on photography for engineers. j 

Geological Society, May 22. —Mr. \V. T. Hlanford, F.R.S., | 
Ihesidem, in the chair, —I'he following communications were 
read;— Note on tlie hornblende schists and banded ciyslnlline 
rocks of the Lizard, by Major-Gcnenil C. A. McMahon, 'fhe ^ 
leading of th^ paj)er was followed by a discussion, in which the | 
President, Dr, Geikie, Mr. Teal I, Prof. Bouncy, Mr. Riuley, j 
and Dr. Hicks t tok part.— -The Upper Jurassic clays of Lincoln- 
shire, by Mr. '['homaiJ Roberts. In Lincolnshire it has generally 
l>ecn considered that the Oxford and Kinicridge clays come in 
direct sequence, and that the Corallian group of rocks is not 
represented. The author, however, endeavoured to show that 
there is between the Oxford and Kimeridge a zone of clay which 
is of Corallian age. Six palceontological zones were recognized 
in the Oxford clay. The clays which come between the Oxford 
and Upper Kimeridge the author divided into the follovung 
zones: (1) black seleniliferous clays; (2) dark clays crowdert 
with Ostrea delioitka ; (3) clays with AmtnonUes aUentans : and 
(4) clays in which this fossil is absent. The black selenitiferous 
clays (i) are legarded as Corallian, because; (tz) they come 
l:>eiween the Oxford clay and the basement bed of the Kiuu*r- 
**^6® J (^) of twenty- three sjK'cies of fossils collect etl 
from this zone, twenty-two are Corallian ; (i*) (hura deitohha 
and Gryphita dihxtata occur together in these clays, and also in 
the Corallian, but in no other formation. The zones {2), (3), 
and (4) are of Lower Kimeridge clay age. The lowest zone, 
(2), is very persistent in character, and is met with in Yorkshire, 
Cambridgesnire, Oxfordshire, and the south of England. The 
remaining zones, (3) and (4), arc locM in their development. 
Some remarks on this paper were offered by Prof. Blake and 
Mr. Hudleston. — Origin of movements in the earth’s crust, by 
Mr. James R. Kilroe. Communicated by Mr. A. B. Wymiic. 

Zooloipcal Society, May 21.— Prof. Flower, F.R.S., 
President, in the chair — Mr. Sclater exhibited and made remarks 
on a mummied Falcon from Egypt ; and some photographs of 
groups of Sea-birds and Seals taken on the shores of Antipodes 
Eland, Antarctic Ocean. — Mr. Sclater also called attention to a 
specimen of l^af-inscct, living in the Society's Ihsect House, 
which bad been received from the Seychelles, and presented by 
J.x>rd Walsli^am- it was not quite ihUy developed, but was 
believed to be referable to PhyVium Gray,— Mr. Martin 

Juohy read a list of the species of Coleo'plera of the families 
Cnooerlda?, Chrysomeiidae, and Galerucid^e, of which specimens 
hsd been collected in Venhauela by M* Simon, and gave 
dfthcriptions of the new tpecies.-^A commumoation was read 
ffbjs ,Mr. A. CL Butler pontainiitg the description of a new 
gentw <M Moths bcloipgiiqt to the Geometrld family 
Emdiemidie# baied on a fosliT specimen bbtaitied firom the 


Eocene Freshwater Limestone of Gurnet Bay, Isle of Wight. 
This insect was named Lithopsychf antit^ua, — Mr. W, F, Kirby 
rend a paper containing desctiptions of new' genera and species 
of Dragonflies in the collection of the British Masenm, chiefly 
from Africa^-^Dr. Hans Gadow read a paper on the taxonomic 
value of the inteallnal convolutions in birds. After pointing emt 
the different forms a<snmed by the intestinal convolutions in this, 
cla^ of animals, and suggesting a nomenclature for them, the 
author proceeded to give the outlines of a classification of birds 
based solely on this part of their structure, and to show the - 
differences and resemblances of the vm^ous groups. 

Edinuukoh* 

Royal Society, June 3. — Sheriff Forbes Irvine, Vicc- 
Treisident, in the chair. — Some photographs of mirage were 
exhibited. — T*rof. T. K* Frazer covtmunicated the remainder of 
hU ))aper on the natural history, chemistry, and ]>hatmacology, 
of Straphanthus Itispidus . — Prof. Tail read a note on the com- 
pressibility of mercury. — Dr. K. Sang gave a notice of fundamental 
tables in trigonometry and astronomy arranged according to the 
decimal division of the quadrant. — Prof. Tail communicated a 
note on the inscription, in a sphere, of a closed polygon, each of 
whose sides shall pass through a given point, and he also 
discussed the problem of the non-oscillaiing pendulum.— A 
paper, by Sir \V. Thomson, on the Bravais’ uniform distribmion. 
of poinU, was submitted. 

Paris. 

Academy of Sciences, June 3,— M. I->cs Clolzeaux, Presi- 
dent, in the chair. — Heat of combustion of carbon under its 
various forms of diamond, graphite, and amorphous carbon, by 
MM. Bcrthelot and Petit. P»y means of the new methods based 
oil tile employment of the calorimetric bomb, the auihor.s have 
dotonnined the molcqular heat of combustion of amorphou.s car- 
bon at 07 65 calories ; of cryslallizctl graphite at 94 ‘ 15 i ; of the 
(ii.amond at 94 '31 ; and of bort (unclcavable diamond) 94*34. 
'JLc old values," idtherio accepted, must consequently be con- 
siderably increased, and this again involves an i nerense of the 
heals ol formation for all organic compounds, from their ele- 
. rneiUs upwards, far as they have yet been calculated. --Note 
I on the spectrum of Uranus, by Mr. J. Norman Lockyer,— On 
' the surface currents of the North Atlantic, by Prince Albert of 
j Monaco. Of the 1675 floats cast into the sea during the recent 
I explorations of the HirondelU^ as many as 146 have already been 
I recovered at various points of the seaboard, apparently Llcmon- 
' ftraling a circular movement of the burface-waicrs round a point 
I situated somcwheie to the south-west of the Azores, The 
outer edge of this current sets east- north -east lo the neigh- 
bourhood of the English Channel, where it is deflected 
1 <^(juthwards along the coasts of Europe and Abnca to 
i the Canaries, thence trending? «ouih cast lo the equatorial cur- 
I rent, thus convicting the circuit by merging in the Gulf Stream. 

I — On Prof. Charles Sumner Ta inter's grapho phone, by M, 

I (ieorges R. t.)stheimer. The essential feature of this instrument, 

; which solves the problem of the storage of sound, is the employ- 
1 men I of wax, or a pasteboard cylinder coated with wax. The 
! process, devised by Prof. Taintcr after the original phonograph 
' had been discarded by Mr, Edison as of no immediate practical 
! utility, has since been so highly approved of by the American 
1 inventor that he has adopted it lor what he now calls his ‘Mm- 
j proved phonogmpb." — Observations of the new planet discovered 
I on May 29 at the Observatory of Nice, by M. Charlois. Tlic 
! observations are for the period May 39-31, when the planet ap- 
peared to be of the twelfth magnitude. — On the stability of the 
solar system, by M. D. Eginiljs. The authors here study the 
nature of the slight jjertnrbations usually neglected in planetary 
theories, and endeavour to determine their more important 
general analytical forms. The results are ^iven for the earth and 
Saturn, showing that the Jong axes of their orbits are sul>ject to 
extremely sli™ secular perturbations of the third order. 
'Htese irreBniarRitts periodical, the periods bmng exces- 
sively long, ljut of such a nature as to imply that 
both Saturn and the earth are at present approaching the sun. — 
Apparatus for determining meUing-pomts under ordinary con- 
ditions and variable pressures^ by M. B. C. Damien. The 
apparatus here described will be found useful in determining the 
mating- points of various mixtures of spermaceti and tlhcr, of' 
gom-tac and alcohol, and in general of solidified solutions of 
various solids. -r-The electric conductivity of s^ine solutions,, 
applied to the ptobleiUs of chemical mechanics, by M. 
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Clit^UBtchofir. In continnn^ioQ o( his previous peper on this 
•abject the nathoT here gives in tabaUt lorm meesurements 
of the condootivlQr of neutral saline mixtureiifikpable of double de- 
composition* In a supplementaty paper, MXf. Chroustcboff fu^ V. 
Pacnkoff deal with the electric conductivity of saline soluikms 
containing m lames of neutral salts. Tl?e .chief object of this 
research is to confirm by experiment (he assuroptibn that a 
partial formation of double salts in solutions is a geneM 
noffienon. — On some^ substances derived by poT3r?n^eiLtion 
5 om ethyl cyanide, by MM. M. Hanriot and L. B^veanlt 
The preparation and |Nfpiperties are described of two bodies of 
which the formuls^ are iwmctivel^ Qlf* » CO , C(CHj)4CN and 
CjHfl . CO , C<(!^ij)(CHj)CN, the fordier obtained by the ac- 
tion of methyl iomh, the latter by that of ethyl iodide. -^On some 
rocks of the Maures district, by M. A. Le Verrier. Of the old 
eruptive rocks here describedjihe uiost interesting is a Iherzolite 
consisting of olivine and hypersthene (labrador schiller spar), the 
first associated with serpentine, the second with talc.^ — On the 
toxic property of meteoric waters, by M- Domingos Freire. An 
epidemic presenting some hitherto unknown symptoms having 
broken out at Kio de Janeiro Ia.st March, the author, ofith a view 
to determining its origin, made some experiments on the 
character of the aqueous vapour suspended in the atmosphere* 
The result of these experiments was a strong suspicion, if not 
certainty, that the disorder was due to a toxic principle diffused 
in the atmosphere, and beloiiging perhaps 10 the cyanic scries 
(hydrocyanic acid?). — Papers Were contributed by M. G. Andre, 
on some nmmonio-chlorides of mercury ; by M. E. Pcchard, 
on the combinations of metatungstic acid with the alkaline bases 
and the resulting thermih phenomena ; by M. Lefon Bourgeois, on 
(he preparation of the crystallized orthosilicates of cobalt and 
nickel ; by M. Trouessart, cn the marine Acarlans of the French 
seaboard ; by M. Flammarion, on the earthquake of May 30 ; 
and by M. Th. Moureaux, on the possible connection of 
magnetic disturbances with the same earthquake. 

Brrlin. 

Physical Society, May 24. — Prof, du Bois Rcymond, 
President, in the chair.— Prof, Bornstcin exhibited a photograph 
which he had taken during the recent heavy thunder-storms. 
Two dashes could scarcely be distinguished on the photograph 
owing to the marked occurrence of sheet lightning ; they 
appeared as simply very sinuous lines without any zig-zags.— Dr. 
Pringsheim had carried out a series of researches with the 
phonautograph in order to determine by physical methods upon 
what the French accent is dependent, wnether it is due to the 
duration, pilch, or intensity of the tones. Several Frenchmen 
spoke single words and short sentences slowly into the funnel of 
the instrument so as to impinge upon a membrane, made of the 
thinnest india-rubber, whose vibrations wer« recorded on n 
smoked rotating drum by means of a fibre of glass. The some- 
what troublesome analysis of the minute curves brought to light 
very characteristic waves for the consonants, but these differed 
considerably according as they were spoken at the beginning or 
end of a word. The vowels showed a considerable difference 
from the consonants chiefly in respect of their pitch. The 
speaker exhdnted and explained a number of the curves ; but 
further researches are necessary before any general conclusions 
can be arrived at, or the question as to the real nature of 
** accent” can be decided. — Dr. Diclcrici gave an account of 
his researche.s on the determination of the specific volume of 
saturated aqueous vapour at o® G. On account of the difficulties 
which presented themselves in connection with the measure- 
itients necessary in the methods of research hitherto employed, 
he had devised a new method. He measitred the amount of 
water which must be converted into vapour at o” C in order to 
completely fill a known space with saturated vapour, by means 
of the heat which becumes latent during its evaporation. The 
vessel containing the water was immersed in an ice*calorimeter, 
and was connected with a large space which could be rendered 
both vacuous and dry. The water, or dilute saline^solutioo 
which behaves like waten vos then allowed to evaporate until 
the space was filled with saturated vapour ; the amount of heat 
requi^te to produce the ebserved evaporation was determined 
from the amount of mercury which was expelled from the calori- 
meter, and this then gave the amount of water evaporated. 
From among the experimental details, which the speaker 
described in fall, the only points which may here be mentioned 
are that a small residual quantity of ah in the vacuum has no 
on the total amonat of water which evaporates, bat only 


•f^ws the of evaporation to a slight extent ; on the other 
hand, the 'pcTlide of water which is condensed on the Intter 
surface of^lh^ vaettohs space was found to exert a quantitative 
inffueace on the evaporation, and necessitated special modffica- 
tious of the methods of experiment for its exclusloru As one 
outcome of the experimems may be mentioned that Gay Lussac^s 
law holds good almost up to the temperature of saturation, and 
that the mass of water which must evaporated in Order to 
saturate a space of 1 litre capacity at C. is 4'fiS6 mgr. ; 
hence the specific volume of aqueous vapour saturated at o’^C. 
is 204 7 litres, and its pressure is 4*62 mm. The speaker had 
deduced a considerable number of other important constants 
from the results of his experiments ; and he further intends to 
determine the above for other fluids and at other temperatures in 
a subsequent research. 
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EVOLUTION ETHICS. 

Moral Oraer and Progress : an Analysis of Ethical Con- 
ce^ions. By S. Alexander. ** English and Foreign 
Philosophical Library.*’ (London; Trubner, 1889.) 

** T T will be found that moral ideals move by a process 
•L which, allowing for differences, repeats the law by 
which natural species develop. . . . The growth of a new 
ideal is analogous to the growth of a new species in the 
organic world. According to the generally accepted view, 
a new species is produced through giving rise to varia- 
tions which struggle with one another and with the parent 
species. . . . The good ideal has been created by a 
struggle of ideals in which it has predominated. Evil is 
simply that which has been rejected, and defeated in the 
struggle with the good.” These sentences contain the 
key-note of Mr. Alexander’s able and valuable work — a 
work which will be read with interest by students of ethics 
of whatever school. Based upon a dissertation, for which 
Mr. Alexander obtained the Green Moral Philosophy 
Prize at Oxford in 1887, written by one who has carefully 
studied and grasped the principles set forth by Mr. 
Herbert .Spencer and Mr. Leslie Stephen, this work is in 
some sense the ofifspring of the fertile union of the ** Prole- 
gomena” and the ‘‘ Science of Ethics.” Or, as he himself 
expresses it, coming to the ideas borrowed from biology 
and the theory of evolution, which are prevalent in modern 
ethics, with a training derived from Aristotle and Hegel, 
Mr. Alexander has found ** not antagonism, but, on the 
whole, fulfilment.’^ 

Morality being a matter of conduct and the outcome of 
character, the first book of the three into which Mr. 
Alexander’s work is divided deals with conduct and 
character, which he regards as the same thing facing 
dlfierent ways.^ Think of a man’s conduct in relation to 
the mental conditions from which it proceeds, and you 
think of his character ; think of his character as it pro- 
duces results beyond these sentiments themselves, and 
you have conduct. Following in the footsteps of Prof. 
Max Miillcr, who identifies language with thought, Mr. 
Alexander thus identifies conduct with character. As 
language is the expression of thought, so is conduct the 
expression of character. But just as thought is not eo- 
extensive with the psychological field, so is conduct not 
co-extensive with the field of action. Conduct is willed 
action ; it implies volition, And Mr. Alexander goes so 
far as to deny to the brutes any share in conduct, any 
participation with us in voUtion. Character, too, as 
identical with conduct, or merely another aspect thereof, 
implies volition. Non-volitional activities are not the 
outcome of character ; they merely arise out of the dia- 
P^ition or temperament of the agent. Animals have 
dtsposUions,^ but no character. 

WJutt, is the nature of that volition which diatin- 
guiahes character and makes morality passible? It is 
this : that ^ ahen a man wills he does not merely per- 
an act which issues in a certain end, but has l^fore 
Wm thf Idea of the end, oit is conscious ^ his object, or, 

he is doing, tbouj^h he 
eeAcct on irh^t be it dolng.*^ The presence of 
loss. 


the id^a then, as such, distinguishes volition (human) from 
mere impulse (animal). But the presence of the idea 
also distinguishes desire : whence desire would also seem 
to ^ restricted toman. Desire consists In the fueling of 
tension, which described as a sense of disparity 

between the ide^ object and the actual state of the agent. 
The adt of volition is the passage from the actual state 
to the ideal state : it is the conscious realization of the 
ideal. 

Moral action, then, in Mr. Alexander’s system being 
willed action, we naturally turn to see what his position 
is with regard to the free-will controversy, and we find 
him occupying the standpohlt of determinism. It would 
have been well, perhaps, to state this earlier than in the 
last chapter but one of the work. But, though there is 
no ind^i his table of contents contains a full and clear 
conspectus of the argument, and a little trouble enables 
the reader to turn to this or other points on which he may 
desire information in the course of his perusal. The idea 
of a free will in the sense Of an undetermined will is, Mr. 
Alexander believes, ** a sheet delusion.” Though invented 
to save responsibility, free will, he says, renders it inex- 
plicable, A will independent of pa^^tives could never be 
responsible because it would not be called to account- 
Mr. Alexander connects responsibility and punishment 
When we call a bad man responsible, we mean that the 
good man holds him to be justly punished. “ His re- 
sponsibility lies in a feeling not on his own part, but on • 
the part of the good, just as the badness of his action 
consists in the good man’s disapprobation.” 

We must leave the upholders of the doctrine of free 
will to pick serious holes in Mr. Alexander’s argument. 
But accepting with him the determinist position, we think 
there are certain points which he might have made 
clearer. He says, in effect, that a man is responsible for 
such acts as are the outcome of his character (willed acts), 
but not for such as are the outcome of his disposition 
(impulsive acts). For these but not for those he is justly 
punishable. |t i$ idle, he says, to praise a feeling [or 
action] which cannot be commanded : what is praised is 
its indulgence or its cultivation. But if both are inexorably 
determined, why is the one more praiseworthy than the 
other? Why is it just to punish one„set of actions and 
not the other? We punish the dog for certain of his 
actions, though in Mr, Alexander’s view he cannot be 
responsible for them. Do we not often punish, and that 
wisely, men for similar acts for which Mr. Alexander 
would not hold them responsible ? The distinction 
between willed acts and impulsive acts, as defined by 
Mr. Alexander, is a valid distinction in psychology. But 
does not determinism break down this distinction (or at 
least make it somewhat arbitrary) when we come to re- 
sponsibility ? Does Mr. Alexander mean that it is 
practically convenient to hold men responsible for the 
(determined) acts of will* or does he consider the 
psychological distinction a justification for the moral 
distinction ? Undoubtedly, as it seems to us, the latter; 
Ibr be contends that the sphere of morality is the sphere 
of willed actioo. The evil that a man does as the im- 
pulsive outcome of his disposition he r^f^ds as a subject 
Ibr pityi but not for mtoral aversion. His psychological 
basis is clear ; but we think he might have more explicitly 
reconciled it with his determinism. 
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We must now pass on to consider (hat part of the work 
wSiich deals with the struggle of ideals. Moral order Mr. 
Alexander regards as an equilibrium. This is seen both 
in the individtml and in society. The good man is de- 
scribed as an equilibrated order of conduct, or an equili- 
brium of moral sentiments* Good and bad acts and 
conduct are distinguished by their adjustment or failure 
of adjustment to the social order. Good conduct falls 
within the order ; bad conduct fails to adjust itself and is 
condemned. The equilibrium is not a sta^ of rest, but a 
mobile equilibrium in which all the parts are shifting. 
The conception of aman^s character is represented under 
the name of an pliSn of conduct or way of life 

upon which he acts, A bad man’s way of life is his ideal 
as much as the good man’s, and every one of his acts 
implies such an ideal. Moral progress result? >from a 
conflict of ideals and the elimination of those which are 
bad But not only are there, in any given society, a great 
number of interdependent individuals, each with his moral 
ideal, but the society itself may be regarded as an indivi- 
dual (the social organism) having relations toother social 
individuals of the same order. Hence arises the concep- 
tion of a social ideal. 

With regard to this social ideal, what it is, and wherein 
it lies, Mr. Alexander is not quite explicit — or perhaps the 
fault is in ourselves ; for we have always found the social 
organism a difficult conception. It is clear that the social 
ideal cannot in any sense be the mean of the individual 
ideals of the constituent units of the society. It is presum- 
ably not the ideal of the average man. It must be, we take 
it, the moral ideal of the perfectly “equilibrated "individual 
—Of the man in completely harmonious adjustment with 
his ifaeial surroundings. Such a representative man may 
not exist in the flesh ; but he represents the ideal standard 
of the social morality of his time. After- times may Show 
that there existed contemporaneously individuals with far 
l^kr ideals tlran the social standard. But these were 
not perfectly equilibrated with their social surroundings, 
and improbably paid “ihe ppitohy for ^eir of 
equilibrium. » 

The social ideal is thus the type-form of a species of 
which the various ideals, as they exist in the minds of 
good men, are the different individuals. ** But,” says Mr. 
AU^ander, “ the ty^ in the caaedf man is, owing to his 
social Character, itsdfwh organism of which the individual 
is an organ. Hence, if we are to use the analogy at all, 
we tttwst compare the relation of a species to its indi- 
viduals adth that between the social ideal and the indi- 
vidual ideals.” A little later on we read that “an ideal is 
fiisiithing but a person in so fhr as be acts the ideal.” We 
fail’eatisfactorily to correlate the idea of the type as 
organism of which the individual is an organ, with that of 
he social ideal as species of adrich the personal ideals 
are individuals. 

Mr. Alexander next proceeds to show : (1) that Ute. 
soc^ ideal varies ; (2) that there is a struggle between 
the Wi^lies ; {3) that the prev^tnee of good, and auc- 
'OOisrfvcly better ideals constitutes moral progress. **A 31 
good men, so far as good, represent ideals which are the 
individual irteititbers of emp variety represented by tkegeod 
ideal;, their various degrees of perfection correspond to 
^ttnore or less strong, or ewllt, or Hg membersof the smhnal 
species. All bad men, io far ^ae bad, ^act sipem ideals' 


which form other varieties. There is the variety of 
thieves, of murderers, and the like. The distinction of 
good and bad corresponds to the domination of one 
variety, that of the good, which has come to prevail 
according to the process described in virtue of its l^ing a 
social equilibrlnm.” 

The differences between the struggle of ideals and ihe 
struggle of animal? under tiature arc not slurred over by 
Mr. Alexander. “In morality,” he says, “ the struggle is 
between ideals^ and persons are concerned only as the 
bearers of these ideals. Ideils of conduct exist in minda 
(wills), not in bodies. Hence two important differences. 
The animal variety predominates by two concurrent 
methois : it multiplies its offspring, and it exterminates 
other animals, and these two things are practically the 
same, for other animats die out before the spread of the 
more successful. But in man the predominance of the 
good does not alwa^irequire, and except in extreme cases 
never requires, the^^nction of the opposing person, but 
only the extinction of his ideal, or its retirement from his 
mind or will in favour Of the good ideal. In the next 
place, whereas animals multiply by propagation of new 
individuals, the moral ideal acquires strength by teaching 
and example, and it acquires adherents not only among 
the new generation but among the old. Hence, while if 
an animal variety were composed of only a few indi- 
viduals it would perish, the reformer’s cause may win 
though he individually is destroyed. His ideal lives on 
in the minds of those whom he has influenced, and his 
influence may grow greater with his death.” 

Enough has now been said— and as much as our sjxice 
will permit— to indicate the scope of Mr. Alexander’s 
conception of the nature and methods of moral progress* 
How he works in such biological ideas as degeneration 
and mimicry— the bad man simulating the external 
actions of the good— must be ascertained from the work 
itself. 

And what shall we say of this conception? Fully 
admitting the value of Mr. Alexander's independent 
treatment of the subject, it still seems to us that the 
separation of the moral ideals from iho men and women 
whose product they arc is unsatisfactory. All that Mr. 
Alexander contends for could be as well, nay better, ex- 
plained as the result of the interaction of moral and 
immoral human beings under the conditions of social 
co-operation and the varied play of social life. For th^ 
purposerof ethical science they may be divided, according 
to their ideals of con^ct, into moial varieties. And in 
the course «f their libdiviiduai development they 

may pass through several varietal states. The struggle 
among men and women differs very considerably from 
the struggle^flUTkoog anin&als, from the fact that man i?, in 
virtue of his h^h mental development, more plastic, that 
he is to ao laige an extent a conscious agent in his Oam 
evolution, and that^hls environment is a social environ- 
ment of similar conscious agents* It is /questionable 
whether the conception of a social organism an^ a moral 
organi«n helps us much. In any case it has to be used 
with extreme cate and with many reservations. And if 
we can reach as good tesdits the wiore priwaic Wd 
less imaginative coneepthw of a^co-oper^ive society 
hutnaniiidividuals,>we shall be wiser, and slWl *ct 
In aaiMSdaniceiwith of sci^ 
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<!Once|>tion which sticks closest to the facts of organic ! 
life. We doubt whether Mr. Alexander's work would 
^ve euiered anything by dealing with men and women 
postaessed of riioral ideals, instead of ideals doated off in 
imagination from their bearers ; and we think it would 
liave gained considerably in practical directness, and 
|>oints of application to the facts of social life. 

We cannot takeieave of Mr. Alexander's work without 
again expressing our warm appreciation of its earnestness, 
its ability, and its orderly method. It is a valuable con- 
tribution to ethical literature. C. Ll. M. 


THE ZOOLOGICAL RESULTS OF THE 
CHALLENGERS* EXPEDITION. 

Report on ike Scientific Results of the Voyage of H.M.S. 
Challenger** during the Years jSy ^-76, under the 
command of Captain George S. iXares, F.R.S., 

and the late Captain Frank T. Thomson^ R.N. Pre- 
pared under the superintendence of the late Sir C. 
Wyville Thomson, Knt., F.I^.S., &c.. Director of the 
Civilian Staff on board, and now of John Murray, 
LL.D., PhT)., &c., one of the Naturalists of the 
Expedition. Zoology^ — Vol. XXX. Published by Order 
of Her Majesty's Government (London : Printed 
for Her Majesty's Stationery Office, and sold by Eyre 
and Spottiswoode, 1889.) 

V OLUME XXX. of the zoological series of the 
Challenger Reports contains an account of the 
Asteroidca by W. Percy S laden, and is without doubt one 
of the most important of the whole series. 

The Report contains a description not only of the 
fipecies collected durizig the cruise of the Challenger., 
but of those collected during the cruises of the Light- 
nings Porcupines Knight Errant s and Triton. In the 
Chailenger collection there were 84 genera, 5 subgenera, 
268 species, add 1 3 varieties. 1 84 species and 12 varieties 
are described as new, and several new genera are 
established ; the new species and varieties found 'during 
the other expeditions bring up the total of new species 
to 196, and new varieties to 15, 

In the latest summary of the Asteroidca, published by 
Prof. Perrier in 1878, he enumerates 52 genera, which 
Mr. Sladen reduces to 49, and of these, representatives of 
no less than 38 were obtained by the Challenger; thus 
indicating in a striking manner that the collection affords 
^ fair representation of the ge«|e^al character of the 
Asteroid fauna of the globe. 

The large number of deep-sea forms, belonging to 
previously unknown types, as well as the very peculiar 
features distinguishing most of these, demanded a quite 
tmi classification; and Mr. Sladen has framed one in 
'^oovdance with morphological characters, which is cer- 
laihly fer in advance of any that have hitherto been made. 
The ueeCulness of this Report has been greatly increased, 
its bulk being materially added to, by a list given 
mdtsr nask genus of all its authentic spedes, and their 
fec^aphical distribution 

M ihih end of the Report tbens is added a synoptic list 
of all the known spedes of recent Asteroidea, with 

S qulars of their geographical distribution, also their 
Ibution In dep^ and their synonymy. This most 


i carefully compiled list will be of the greatest value to 
all interested in the study of this group. . 137 genera 
and 8 JO species arc therein enumerated. 

The introduction opens with a history of the classi- 
fication of the Asteroidca, the earliest attempt at which 
was made by Linck in 1733. This, which was a purely 
artificial one, was not improved on by JLinnaeus or 
Lamarck. In 1840, Muller and Troschel published their 
well-known classification, chiefly based on the presence 
or absence of an anal orifice, and on the arrangement of 
the ambulacral lube-feet ; and this formed the basis 
of all systematic arrangements of the group until 1875, 
when Prof. Perrier insisted on the importance of the 
pcdiccllaria.' from a classificatory point of view, in addition 
to the disposition of the ambulacral feet. A couple of 
years liter Viguicr published his elaborate researches on 
the skeleton of the Asteroidea, and on these also proposed 
an amended arrangement of the group. In 1854, Prof. 
Perrier again discussed the question, examining it from 
Viguier's slandpoint, but concluded to retain the pedi- 
cellariie as the basis of his system of classification, 
which indeed he but slightly modified. 

Mr. Sladen briefly gives his reasons for dissenting from 
the views of Perrier; and passing in review the various 
morphological features or fundamental points of structure ’ 
which are common to the whole class, selects the follow- 
ing; (j) the adaptation of the organism to subserve the . 
functions of respiration and excretion ; (2) the character 
of the ambulacral skeleton ; (3) the character of the 
ambital skeleton. 

For the first of these he selects the organs called 
^‘papuUt" by Stimpson, which penetrate the body'^wall 
in the form of delicate transparent membranous caeca, 
permitting an exchange of fresh fluid from without by 
osmosis, thereby introducing oxygen; these “papuhe" 
may be distributed over the whole body, or may be 
confined to a limited area, and thence the division into 
the Stenopneusia, and the Adetopneusia. 

lire ttmbulacral skdetan exhibits two modes of growth ; 
in the one the production of parts is accelerated in 
relation to the growth of the starfish, in the other the 
production of parts is retarded, or proceeds pari passu 
with the general development of the skeleton. The 
ambital skeleton is formed by the marginal plates -and 
their supplenientaries when present ; these the author 
considers one of the most important systems of plates 
in the body, as determining form and superficial 
character. 

The introduction concludes with a summary of the 
classification as far a$ the genera, and a synopsis of tJie 
orders and families is also given. 

The description of the species calls for no remark, 
unless the critical one in passing that according to the 
usual practice the date of the pitblication of this volume, 
not the date when the individual sheets contained therein 
were passed “ for press," must be taken as those fey the 
new families, genera, and spedes. No less than 
109 species and varieties were found at depths 
from 500 to 2500 fathoms. The volume consists 
of 935 pages, and is accompanied by an atlas of ii8 
plates, which well merit our special praise. Irt most 
instances the figures of the abactinal and actinal aspects 
of each species is given on one plate, and then in the 
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plate following* we have the magnified details of the 
mouth-plates, the supradorsal membrane, the adambula- 
oral plates, and otl^er characteristic portions. 

The publication of this Report cannot fail to give a fresh 
stimulus to the study of this hitherto rather neglected 
group of the Echinodcrms, and the best thanks of every 
student of natural history are due to Mr. Sladen for the 
thorough and honest manner in which he has accom- 
plished a troublesome and arduous task. 


GREEK GEOMETRY FROM THALES TO 
EUCLID, 

Greek Geometry from Thales to Euclid, By Dn G. J, 
Allman, F.R.S. (Dublin : Hodges, 1889.) 

subject-matter of this work has at different times 
been brought under the notice of the readers of 
Nature, for it is very little more than a collected and 
corrected reproduction of papers which have at varying 
inten^als appeared during the last eleven years in 
Hermathena, In all our previous notices, wc believe, we 
strongly insisted upon the desirability of Dr. Allman’s 
giving a permanent form to his labours, which should 
render his brilliant achievements the more readily acces- 
sible to mathematical and, we may say also, to general 
readers. Hitherto all the original investigation in this 
direction has been carried on by German, French, and 
Danish writers, for Mr. Gow's Short History of Greek 
Mathematics,” interesting though it is, is confessedly not 
founded upon independent research, nor does Mr. Heath’s 
Diophantus,” concerned as it is with Greek algebra, form 
exception to our statement. In the historical domain of 
mathematics, Montucla held sway until quite recently, and 
even the latest French work, by M. Marie, the outcome of 
forty years’ travail, holds fast by him, so that Heiberg 
(quoted by our author) writes : The author [Marie] has 
been engaged with his book for forty years ; one would 
have thought rather that the book was written forty years 
ago." Far diiterent is the case with Dr. Allman : allalong 
the line of his labours he has consulted the original 
Greek authorities, and fought every inch of the ground 
with such experts as Heiberg, Bretschneider, Cantor, j 
Tannery, and several dther writers wc could name, many 
times adopting their results, but in nearly as many cases 
putting forward and convincingly maintaining views of 
his own. In evidence that the views we have all along 
held of the importance of this contribution to our know- 
ledge of the early Greek geometers was not a singular 
one, we have now the confirmation of the favourable 
reception the papers in their original form met with 
from muny competent authorities on the Continent and 
elsewhere, the outcome of which has been the present 
handy volume. Dr. Allman states that "^it has been, 
throughout, my aim to state clearly the facts as known 
to us from the original sources, and to make a distinct 
separation between them and* conjectures, however prob- 
able the latter might be.” This testimony is, wc believe, 
true : certainly the reader is put in possession of the 
facts so far as they arc at this date obtainable. j 

We’ may just call to mind the points discussed. In an in- 
troduction the authorities on the wly history arc named j 


had Eudemus’s history come down to us we should posaibly 
have had a summary of the period treated of here, but 
now wc are dependent upon Proclus. Then the work 
of Thales, of Pythagoras and bis school, of Hippocrates of 
Chios, of Democritus, and of Archytas, is clearly dis- 
cussed in Chapters I. to IV. In Chapter V., as we showed 
in a former notice, ample justice is done to Eudoxus, and 
his right place in the history of science is duly assigned. 

In astrologia judicio doctissimorum homimun facile 
princeps,” writes Cicero ; in his “ Histoire dc 1 * Astronomic 
ancienne” Delambrc has, *‘rien ne prouve qu’il fut 
gdometre ” ; and even De Morgan writes, “ he has more 
of it [of fame] than can be justified by any account of his 
astronomical science now in existence.” M. Marie is 
more just ; though he devotes only two pages to the 
account of his work, he remarks, “il n’^tait pas au reste 
moins bon gc'om^tre que bon astronome ” (cf. Delambre, 
supra). Had Dr. Allman done no more than reinstate 
in its proper place a name “ highly estimated in antiquity,” 
this would have been a raison d^iire for his work. We 
must remember, however, with regard to this tardy act of 
justice, that ** it is only within recent years that, owing to 
the labours of some conscientious and learned men, 
justice has been done to his memory, and his reputation 
restored to its original lustre.” In the following chapters 
(VI. to VIII.), we have accounts of the successors of 
Eudoxus, viz. Mcniechmus, Deinostratus, and AristBeus. 
The concluding chapter takes up the work of Thesetetus, 
and herein we have a discussion of the part which Euclid 
himself most probably contributed to his well-known 
Elements.” 

All readers of this standard contribution to the early 
history of geometry, which has placed its author in the 
first rank of writers on the subject, and thereby brought 
credit to the whole body of English-speaking mathe- 
maticians, must hope that Dr. Allman will not lay his 
armour down, but that, after a brief respite it may be, he 
will undertake some such work again a kindred 
subject. We would have suggested a careful edition of 
the text of Euclid had not labour in this direction been 
anticipated by Dr. Heiberg in his recently completed 
edition of the “ Elements.” 

A bust of Archytas, from Gronovius, forms the frontis- 
piece, a few notes are appended at the end to bring infor- 
mation as to books and editions up to date of issue, and a 
full index completes the volume. 

One of the notes (p. 218) on “ the theorem of the bride” 
is very interesting to u#. On pp. 633, 637, of “ Clifford’s 
Mathematical Papers,” we have given footnotes on the 
term ”the figure of the bride’s chair,” which Clifford 
evidently used for a particular figure of Euclid i. 47. We 
had an idea at the time of writing the notes that the term 
ought to occur in Arabic, and so made application to Mr. 
Spottiswoode (a fair Arabic scholar himself), and through 
him to Oxfovd authorities, but no one could identify thb 
expression. Dr. Allman notes : M. Paul Tannery (* LSi 
Gdoro^trie Grecque,' p. 105) has found in G. PachymerjCfS 
(* M .S S. de la Bibl. nationale 0 the expression rd dr rff 
to designate the * theorem of Pythagoras.' ” Thia 
seems to point to the old Egyptian idea as handed down 
by Plutarch (cf. Allman, pp. 29-32). 

R. T. 
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OUR BOOK SHELF. j 

IHt MeteoraUgiej ihrem neuesien Standpunkte gemiiss^ ' 

and mit besmderer BerUcksicktigung geographi acker \ 

Frc^en dar^esieiit Von Dr. Siegfnund Gunther. With : 

Ji Illustrations. 304 pp. (Munich ; Ackermann.) 

Dr. Siegmund GiJnther is already known by his | 

Lebrbuch der Geophysik,” in two volumes, which 
appeared in 1884 and 1885, and runs up to nearly 1200 
pages. The title of the present work is ambitious, and 
the endeavour to produce a text-book of the whole of 
meteorolog)'^ in the space of 300 pages is a bold one. The ; 
work is a digest of existing text -books, such as Van ' 
Bebber's “Handbuch der ausiibenden Witterungskunde,” ' 
and Sprung’s “ Lehrbuch der Meteorologie.’* It is there- 
fore excessively condensed, and to such an extent that it ; 
can only be used as a sort of index, for on all the subjects , 
discussed, the reader is referred to other sources of I 
information. The conception of the treatise is good 
enough, and the subdivisions are: (i) the general 
properties of the atmosphere, and observations thereon ; 
(2) the movements of the atmosphere ; (3) general cli- : 
matology ; and (4) the special climatology of the different j 
zones. These are followed by two appendixes which I 
might well have formed separate chapters ; their subjects | 
are, respectively, practical weather knowledge, and optical 
meteorology. 

As mi^fht be expected, the sources of Dr. Gunther’s ! 
information are almost exclusively German, so that his 
r^sumi is slightly one-sided. This is especially the case 
when he is dealing with marine meteorology, as he almost 
ignores all work and all methods except those of the 
Deutsche Seewarte. In his notice of the marine baro- 
meter (p. 45), he entirely omits any mention of the 
principle by which the necessity for a capacity correction 
IS dispensed with by the employment of a modified scale 
of inches. In speaking of the origin of weather telegraphy, 
Dr. Gunther does scant justice to FitzRoy, who is merely 
casually mentioned as a former head of the English 
office. At p. 39 he gives the reader to understand that 
Kew, Pawlowsk, and Zikawei are the only stations in the 
world employing photographic self-recording instruments. 
A more serious slip, for a German, is at p. 243, where 
he speaks of two international Congresses at Leipzig and 
Rome, forgetting that the private meeting at Leipzig in 
1872 was only preliminary to the Congress of Viepna in 
the following year. The correction of the press has not 
been carefully done ; not only are letters dropped out in 
the printing of Latin and English words, but even in the 
German we have noticed several slips. 

However, Dr. Gunther’s work is undoubtedly useful as 
indicating to geographers the main outlines of existing 
knowledge in the most important branches of science 
with which they come in contact at every turn, and also 
the lines in which further investigation is desirable. 

Haunts of Nature. By H. W. S. Worsiey-Benison. 

(London : Elliot Stock, 1889.) 

Some time ago we had the pleasure of recommending 
an excellent little book by Mr. Worsiey-Benison, called ; 
" Nature’s Fairy-land,” consisting of a series of simple, i 
pleasantly-written papers on some of those aspects of j 
Nature which arc most likely to excite the interest of j 
children. The present volume has been planned on j 
exactly the same lines^ and is in evety way worthy of its 
pr^eceasor. In the opening essay the author describes 
the proceedings of two house^martins who did him the 
to delect as the site for their nest a small wooden 1 
projection under the eaves of his roof. This paper has all 
&e freshness and charm that spring from direct observa- 
tion, gnd young people will read it with genuine pleasure. 
Ahiong the subjects dealt with in other papers are wild 
water scavengers, the dragon-fly's haunt, protective 
mhniery in ki^ts, "fast asleep fOr months,’^ and the 
Oddispry of leaves. 


LETTERS TO THE EDITOR. 

ITke Editor does not hold himstlf responsihli for opinions ix~ 
pressed by hi$ correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of NATURE. 
No notice is taken of anonymous communications. 

The Structure and Distribution of Coral Reefs. 

1 AM somewhat disappointed that my criticism of Prof. 
Bonney s appendix in the last edition of Mr. Darwin’s work on 

Coral Reefs” has resulted only in an affair of outposts on the 
pan of my opponents, since the mam body of my arguments 
remains to be assailed. It would have been interesting, for 
instance, to obtain some further information concerning the 
evidence establishing the existence of the “ go-fathom reef 
of Rodriguez ; and 1 should have welcomed the opinion of some 
zoologist os to the degree of our acquaintance with the fauna of 
the greater depths, say between 30 and loo fathoms, around the 
shores of tropical islands in the Indian and Pacific Oceans. If 
this acquaintance is as scanty os I contend it then it is 
premature to fix the absolute limit of depth of the reef- coral 
zone. 

At present, .however, I shall be content with the estahli*.hment 
of the fact that coraU occasionally grow in greater depths than 
20 or 30 fathoms ; and it was with this intention that I purposely 
singled out Commander Moore’s observation in his Kepurt on the 
Tizard and Macclesfield Banks. It is just this occabional greater 
depth of reef-coral growth that is the rrux of the whole matter 
as far as the necessity for a theory of subsidence is concerned. 
Prof. Bonney admits in his last letter that “ reef- building corals 
occasionally grow at depths considerably greater than 25 
fathoms,” ana thus practically abandons the scanty foundation 
on which the surviving portion of the theory of subsidence now 
rests. My critic in thib manner dispenses with the necessity of a 
movement of subsidence to explain the circumstance that 
lagoons are occasionally deeper than the usual limit of depth 
of the reef-coral zone, and to account for the occasional con- 
siderable thickness of upraised coral reef^. The supporters of 
Mr. Murray’s anti-subsidence views will welcome this admission. 
It removes, in the first case, one of the chief points in favour of 
subsidence brought into prominence by Agassiz and Geikie in 
their hostile criticisms of the theory of Mr. Darwin— I refer to 
the abnormal depths of some atolls. In the second case, it shows 
that some of the evidence ranged in Prof. Bonney’s appendix \>n 
the side of Darwin — i allude to that concerning the thicknes*! of 
i the upraised reefs of Cuba and the depth of limcbtone penc- 
- trated by the artesian borings at Oahu — should at least be placed 
j in a neutral position. This is especially necessary in the instance 
1 of the artesian borings at Oahu, since Prof. Agassiz in his recent 
extensive memoir on the Hawaiian reefs, ^ which has not hitherto 
l)een quoted in this discussion, regards the borings from a point 
of view very different from the standpoint of Prof. Dana, 

In this and in my previous letters I have shown to the best of 
my ability that nearly all the evidence ranged by Prof. Bonney 
■ on the side of Darwin should be placed at least in a neutral 
position. It almost all hinges on inferences that h.ave not been 
established, or else on assumptions that cannot yet be proved. 
Surely the “ 90- fathom ” reef of Rodriguez, if there has been no 
mistake in the matter, can be explained without subsidence by 
those who admit that reef-building corah occasionally grow at 
depths considerably greater than 25 fathoms.” The upraised 
reefs of Cuba must be placed on neutral ground. Masamarhu 
Island I have claimed for Mr. Murray. Lastly, there remain 
the artesian borings at Oahu ; and, accepting Prof. Agassiz as 
our authority, we do not at present receive them as in favour of 
subsidence. H. 3. Guppy, 

June II. 

P.S. — After writing the above, I received a letter from Mr. John 
Murray, relating to the “90-fathom” reef of Rodriguez he has 
kindly allowed me to quote from it the following remarks:—** I 
have examined all the charts and other available information, and 
have consisted some of the surveyors of the island. The result 
is that I don’t think Prof. Balfour had sufficient grounds for 
stating with regard to Rodriguez that * an older reef exists now 
quite submerged in some places to a depth of over 90 fi^thqnis. 
Upon it the present reef rests, and it extends westward nearly 
fifteen miles Irom the present coast, while on the east it stretches 

* Bulletin of the Muncam of Coinpurative Zoology Harvard College. 
Vol. xviL, No. i. April 1869. 
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aljout si)c miles ^ (Phil, Trans. R.S^ vol. cUviu, p. 289 : quoted 
on p- 308 of Darwin’s * Coral Kec/s/ third edition). Here he 
evidertitly refers to the shallow water extending on all sides to the 
loo-fathom line, where there i*; about that depth a sudden fall. 
The fact is, such a character belongs to a large number of oceanic 
islands, whether surrounded by fnnging reefs or no reefs what- 
ever, and is due to quite other causes than reef-building.” 

June 14. n. B, G. 

The Fireball of May 39, 18B9. 

The fireball which I mentioned in NATOREOf June 13 (p. 150) 
as having been seen at l.,eeds on May 39. was also ol)serveri at ! 
Bdfast by Mr. I. W. Wn-'d, who recorded the latter part of its \ 
course as from Vega to a CygnL ; 

Comparing this path with that assigned by Mr, D. Booth at 
Leeds, I find the radiant point at 214^^ - 7®, whieh was in 
azimuth ii® (west of south), and altitude 28 J® at the time ; 
(loh. 45m.) of observation, _ I 

When first seen at Leeds the fireball was situated over a point | 
in the Irisli Sea, in lot 53® 58' N., long. 5® aa' W,, arid its ' 
hei^t was sixty-one miles. At its disappearance it was six miles 
w*e8t‘5outh-west of Stranraer on the coast of Wigtown, Scotland, ; 
at a height of twenty-five miles. The earth point was ten miles ' 
weat of Troon, Ayrshire. The real length of path traversed ■ 
was seventy-five miles, and the velocity eight and a third ! 
miles per second deduced from the estimated time of ftight | 
(nine second's) at l^ceds. 

The radiant point at 214^® - 7® in Idbra is situated near the 
earth’s anti- apex, and the motion of the fireball would therefore 
be extremely slow, as it must have overtaken the earth in her < 
orbit. It is curious that several doubly- observed meteors which ' 
have made their apparitions in the J^pring months have given the , 
same radiant point. Thus the large fireball of May la, 1878, ; 
seen in Scotland and the north of England had a radiant at | 
214® - 7® (Prof. A. S. Herschol). The cotifipicuous mete:»r of j 
April 21, 1889, observed by Prof, llerschel at Croydon and tlie 
writer at Bristol, had n radiant at 218* - The vernal months 
appear to furnish us with a long-endurnig shower from this 
special region of the zodiac. W, F. DuNNXNa 

Briitoi, June 15. 

Meteor. 

Ahotjt it. 30 p.m. on the night of June 13, the sky being j 
partially covered with fleecy clouds slowly drifting from the 
south-west, ao that the full moon was frequently obscured, a 
shooting-star appeared in the north, at an elevation of about 50® 
to 60®, and descended obliquely towards the east. It was as 
bright as a star of the first magnitude, and was visible during a 
sli^tly zigzag ^ight of some 30®, leaving no trail. But the re- 
markable thing was that the sky in that quarter was pretty 
closely covered with the slowly- moving fleecy clouds, so that no 
fixed stars were visible. The meteor, therefore, must have been 
below the clouds, at least in the Utter part of its course, 

Birstal Hil), Leicester. F. T. Mott. 


Stationary Duat-Wbirl. 

YestbEimy morning, at 9.30, 1 was fortunate in witnessing 
a stationary dust -whirl, about a hundred yards from where I 
stood, on a dust- covered highway lying due east and west. The 
morning was warm, 67® -.5 in the shade, barometer at and 
the sky clear, excepting a few isolated cumulus patches. The 
air w«^ still, the wind- vane indicating north-west. The ap- 
pearance of the whirl presented a resemblance to a fountam 
of water playing, only the l>ase was broader than the upper part, 
which was perfectly columnar. It remained, for nearly five 
m mutes, absolutely stationary, then suddenly ceased, recom- 
mencing for a few seconds, on a much smaller scale, some ten 
yards westwards. Its height, wlien at its best, would be about 
25 fiset, and its diameter, midway, 2 feet. I could not correctly 
ascertain the spiral motions of the -whirl, but judged the outer 
spiral to move from right to Ibft, and upwards. The wind 
jumped round into the north-east shortly afterwards, with clear 
sky, and the barometer steadily rising. No others were seen 
during the d.'iry. J. Luvfel,. 

Drfjflield, June 17. 

Bunsen’a Photometer. 

If we place the '‘grease- spot ’’screen between two sources of 
hght, situated at A and B, whose intemdties are 1 and 1 ' re- 


spectively, and if C be the position of the screen for which the- 
spot disappears when view^ from the side towards A, and O'* 
the corresponding position when viewed from the other side, it 
is usual to sav 1 Take the mean of AC and AC^ and the meaft of 
BC and BC^ ; the squares of the means will be approidmataly 
proportional to the intensities, 

The relatioa 

I ^ AC . AC' 

I' BC T BC' 

is more exact, as may be shown by the following : — 

Let a be the fraction of the li^t falling on unit area of ^ 
spot from A which reaches the eye, ano ^ the corresponding 
fraction for the dry part ; and let c and be the respective frac- 
tions of the light falling on the other side of the paper, which, 
after yimng through, reach the eye. Then, i^ince the spot amd 
the dry part in the position C are equaHy bright when viewed 
from the side towards A, we have, equating the light per unit 
area from the two parts— 


AC» BC' AC» 


- i£.* 


^ (a - i) = f). 

1' ' HC 


AC* 


(0 


If C' be the position of the screen for which the ports appear 
equally bright, as seen from the other side, we have — 


AC'^ hC'^ AC'^ M 


BC'" 




.(*) 


From (1) and (2) — 


I 

V 


AC . AC' 
BC ."BC' ■ 


K a + c = If 4- d, AM that C and C' must coincide. T)hi» 
condition implies that the light lost is the same for the spot and 
for its surroundings. 

In the method of using the photometer, in which the two 
lights to \)t compared are Italanced successively against a third 
light, and the spot in both cases is viewed from the same side, 
the inequality of the portioas of light lost by the two parts does 
not disturb the result. D. M. LEWIS. 

University College, Bangor, June 6. 


T/i£' TUTICORJN PEARL FISHERY. 

A FTER an interval of more than twenty-seven years^ 
the pearl-oyster {Aviada fucaia^ Gould) has pro 
duced pearls ofif the Madras coast of the Gulf of Manaar, 
in sufficient quantities to be worth th^ expense of fishing. 
The last fishery of the Tuticorin banks took place in t|ke 
years 1860-62, and resulted in a net profit to Government 
of Rs. 3?79 j 297 (.£37»929 at p^). In olden times, when 
Tuticorin was in the possession of the Portuguese 
Dutch, the fish^ used to he carried on much mewe fre- 
quently than it is at the present day, and a difficult prob- 
lem^ which remains to be solved, What are the cstusos 
of the decline of the pearl fishery, and how can tke 
Tutiebrin banks be m&dn to yield a more frequent har- 
vest? Whether the baneful influence of the MoUusca 
I known locally as s^&ram and MUik&y (Modiota sp>, and 
Avicula sp.), the ravages of the file-fishes (Balistes) and 
Rays (Trygob, &c.), {caching, or currettU,are rfsponsiWe 
for the non!^]aroductib& oif aq abmtdant crop ii adult 
pearl-producing oysters dui4og more than a quarter^ 
a century, it would he impic^ble to decide miUi oor 
knowled^ of tjbe ^edaditiems under which the pdiid- 
oysters bre^d^ ddMop* and live, U prectae 
it is at pr^nt 

Superstitiem, as of old, stiU cKpgs to the native ; 
and X read, in a recent iesue of the IHmss 
** at present there axe seld to be t so their |hS 

complement of meti, all waiting at Rilakhml lit 
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%a proceed to Dutch Bay, but they will not leave until 
after aome festivities which occur on the 15th instant, 
-when it is customary for them to pray for protection from 
^h^ks, &c., while engaged In diving,’* I can find no 
record of a diver being killed, in recent years, by 
a shark. But a case is cited, in which a native died 
at Tuticorin from the poisonous stings of a jelly-fish. 
At certain seasons of the year, Jelly-fish are very abund- 
ant in the Tuticorin harbour, and a resident merchant 
tells me that, so great is the dread of them among the 
natives, that he has knewn coolies, engaged in carrying 
loads of palmjTa jaggery through the shallow water to 
the cargo-boats, refuse to enter the water till a track 
free from jelly-fish was cleared for them by two canoes 
tlragging a net between them. 

The pearl-bank which is being fished at the present 
time, is known as the “ Tholayiram Par,” which covers 
an area of about five square miles, and lies more than ten 
miles east of Tuticorin, in from 8 to loj fathoms. The 
following record, by the Superintendent of the Pearl 
Banks, shows the condition of this bank as regards 
oyster-supply from the year i860 to 1884, the oysters 
which are now being obtained having been first noticed 
at an early stage of growth in the latter year : — 

April I S60.— Plenty of oysters three and a half years old. 

Novemlxrr j86i. — Oysters scarce ; nearly all gone. 

Apnl 1863 . — Soffrapt and killikoy with some young oysters. 

November 1865 to April 1869. — Blank. 

March 1871. — Five oysters with a quantity of i,ooyam. 

February 1872. — Five oysters of three years old found. 

May 1873, — Three oysters found. 

January 1875. — Three oysters of two years old found. 

March 1876. —North part blank. 

April 1877.— South part blank. 

April 1878. — Thickly slocked with oysters one year old. 

May 1879. — Blank. 

May 1880.— Blank. 

May 1 881.— Some oysters mixed with killikoy. 

May 1882. — No oysters ; dead shells and sooram. 

April 1883, — Three oysters found. 

March 1884. —Plenty of oysters one year okl ; dean and 
healthy. 


This record shows very clearly how capricious is the 
life of the pearl-oyster, how easily the hopes of a pro- 
ductive bank may be banished (witness the total dis- 
appearance of the oysters in 1879), and points to the evil 
influence of sooram^ whicli, spreading in dense masses 
along the rocky bottom, crowds out the young pearl- 
oysters. 

Since 1884, the “ Tholayiram Par has been carefully 
watched, and the growth of the o> sler, from the young to 
the adult stage, has steadily advanced. 

Ounces. 

Ten oysters lifted, March 1S84, Weighed i 
,, ,, October 1884* If 3i 

„ „ March i88s» n bl 

.. M October 1885, „ 7 

,, „ April 1886, „ 7i 

„ ,, Norembtr 1886, ,, 84 

„ „ March 1887, „ loj 

,, », October 1887, ,, 13 

,, ,, November 1888, „ isi 


In November last^ 1 5,000 oysters were taken from tlte 
bank for the purpose trf^valuationby pearl-merchants, and 
the product was valued at Rs. I3ii2,8 per rooo oysters. 

The shells of the oysters which are now being brought 
{n dafty are inentsted with various marine animals 
(StMtOges. PoJysoa, 8:c.), and entelopfed in masses of 
debnate but, among very many thousands which 

I liavin eaanufled, l have met with no JK/ifram^ and only 
low spkimens of The oysters are living 

no by Whfch they partially buried, or on 
cOdBfld ydekv ground (Turbinaria, Mdntipora, Pdrices, 8cc.), 
M brought up attached by their fayssus to dead 
ei of MidrepoteS) or mdults. Large 


specimens of the big anal mullu skanku (Mutex sp,) are 
frequently brought up by the divers, and the tough 
animal, when removed from the shell, is served up mr 
the evening meal. 

The improvised camp, from which the fishery is con- 
ducted, is situated on the coast about two miles north 
of Tuticorin, and, on the way thither across a long 
stretch of sand, the kilns in which coral and shells are 
converted into chunam arc passed, and the chank 
godowns, in which the chanks \TttrbineUa whose 

shells afford an annual source of revenue to Government, 
are stored, the animal matter being got rid of by the com- 
bined influence of insects and bacteria. The camp, which 
IS built of bamboo and palmyra, is made up of residential 
huts, tents, and bungalows, ofiices (treasury, dispensary, 
&C-), sheds called kottoos, in which the oysters are 
counted and submitted 10 the unsavoury washing process, 
and the native bassdry gaily decorated with flags, in which 
the product of the oysters is exposed for sale. 

As soon after midnight as the land wind sets in, the 
signal gun is fired on the shore by the native beach 
master, and, amid a good deal of :,houting, all sail is set, 
and the fleet, which is unfortunately composed of less 
than fifty boats, with its complement of divers, makes for 
I the bank, which should be reached by daylight. The 
I hoisting of a flag on the schooner which is stationed on 
I the bank is the signal for the day’s fishery to commence. 

I The limits of the entire bank are marked out by buoys, 
; and the divers arc supposed only to work, on any given 
. day, over an area which is also indicated by Imoys ; but, 
i owing to adverse winds and other causes, it is sometimes 
' found impossible to keep the boats within the prescribed 
area. A stone, to w'hicb a rope is attached, is pul over 
the boat’s side, and a basket or net fastened in a similar 
way. These ropes the diver takes in one hand, and, 

1 placing one foot on the stone, he draws in a deep bieath, 
i closing his nostrils with his other hand ; or the nose is 
j inserted into a clip, which tightly compresses the nostrils. 
At a given signal the ropes are let go, and the diver 
descends to the bottom. The slacking of the ropes shows 
that this is readied. The diver then lets go the stone, 
which is drawn up to the surface, and, after filling the 
basket or net with oysters, he ascends to the surface to 
regain his breath. The divers work in couples, two to 
each stone, and the oysters brouglit up are kept carefully 
separated from those of other divers. The other day 
237, (X)o oysters were brought up by 454 divers, in about 
54 hours, giving an average of 524 oysters to each 
diver. A Eunipean diver is engaged experimentally 
on the bank, but his greatest haul m a dny has been 
only 1500 oysters. 

The diving operations cease for the dayaboui i 30 p,ni., 
and the boats start for the land, the signal gun being 
fired and the Union jack run up on the flagstaff as soon 
as they are sighted. On reaching the shore the boats are 
secured, the oysters carried to the shed, rapidly counted, 
and divided into three heaps. The superintendent of the 
fisher>q or some other responsible officer, touches with his 
stick one of these heaps, which becomes the property of 
the divers, who receive a pass and carry their hard- 
gained' earnings outside the shed, where a swarming 
crowd of natives is waiting, eager to try their luck by 
purchasing a few oysters at a rate varying from about 
fifteen to forty for a rupee. Until long after dark crowds 
of natives may be seen squatting in circles on the sand, 
opening their oysters and carefully examining the flesh 
wuh a knife in search of even the smallest pearls. The 
Utmost good temper prevails, and the possessor of only a 
few seed pearls is, apparently, perfectly happy. The two 
heaps whteh arc left by the divers constitute the Govern- 
ment share, and (^te carefuMy counted by Gov<i*bmen[l 
coolies. The beating of the tom-tom then announces 
that the Government auction is about to commence. 
The oysters are put up for sale in lots 1000, and iht 




purchaser has the option of taking a certain number of 
thousands at the ^ame rate. As soon as the purchase 
money has been paid, the oysters are handed over to the 
purchaser, who sends them oft’ by train, or deposits them 
m the kotioo at the northern end of the camp, where 
various natural agents bring about the requisite process 
of dissolution of the animal matter. After sonic days 
the residue is carefully washed, the prevailing maggots 
skimmed off, and a careful search made for ihe pearls. 

Pearl Camp. Edgar Thuuston. 


CALIFORNIAN FORESTH K 

I T is matter for great satisfaction to learn that the “people 
of the State of California represented in Senate and 
Assembly” have created a Hoard of Forestry for the 
purpose of collecting and diffusing infoimation with 
regard to forestry, tree-culture, and tree-preservation. 
The readers of Nature will not fail to appreciate 
the economic significance of wisely administered forest 
laws so far as those laws are based upon scientific know- 
ledge, and there are special reasons why they should feel 
an interest in the forests of the Pacific slope. They will 
consequently be glad to le.arn from the second biennial 
Report of the State Hoard of Forestry now before us 
that whereas, “ under the old conditions, waste, destruc- 
tion, and violation of law were rife, . . . the activity of 
the Hoard in attempting a reform, and the consequent 
investigations of the Ciovernment, have had a niosl 
gratifying result.” Fires have been reduced in frequency 
and extent, watersheds and springs have been protected, 
slopes saved from further denudation, and replanting 
effected. It seems strange that, with so great a wealth of 
native trees, replanting should have become necessary, 
and still more that the Eucalypts of Australia should be 
preferred for this purpose to the pines of the Sierras. 
Nevertheless there are many sites where drought-resist- 
ing trees are specially required, and in which some of 
the Eucalypts, such as viminalis and corynocalyxy do 
better than the pines. Experimental stations have been 
established under different conditions of soil and climate, , 
survey-maps have been constructed, while in the Report 
now before us a beginning' has been made of a scientific 
and popular description ol the forest trees of California, i 
The preparation of this catalogue has been intrusted to i 
Mr. J. G. Lemmon ; its illustration will be undertaken j 
by Mrs. Lemmon, and by photographs. For botanical j 
purposes the writings of Engelinann, Sargent, Watson, i 
Harry, and others in recent times, of Sir W. Hooker and | 
Dr. Arnott at a more remote period, will supply what is | 
needed. 

Mr. Lemmon waxes enthusiastic, as well he may, over the 
forests of California. Pre-eminent over all forestal regions 
of the earth are the dense and extensive tree- growths cloth- 
ing the slopes of that most diversified and wonderful of 
mountain-ranges— the Sierra Nevada of Western America 
— a range distinguished by the abruptness of its majestic 
uprise from the plain, the splintered and rough- hewn 
forms of its thousand peaks, the high elevation of their 
pinnacles ever bearing their crowns of snow, but most of 
all pre-eminent for its bounteous and beautiful enrobing 
forest, . . . tlie noblest in North America, perforated 
along its raised centre-line by a thousand peaks rising 
through the mantle into p^rpdtual winter ; while both 
slopes, east and west, are rent by a million valleys, 
depressed through the robe (of forest) into the middle 
region of changing seasons, and the fringe of the garment 
trails out over the domain of almost perpertual summer." 
In a similar strain Mr. Lemmon proceeds at considerable 
length and in a style we arc not accustomed to meet with 
in “ Blue-books.” The Sierra forests, so far as environ* 
ment is concerned, occupy a middle position between 
torrid and frigid conditions. They are composed 


mainly of evergreen trees, not one of wliiqh is specifically 
identical with the trees on the Atlantic side of the 
Continent, though often so curiously alike that each genus 
has its “ representative species” on cither side. The 
“big trees” Sequoiu giganleaydx have been 

written about so often that most people are familiar with 
them. “Far excelling them in loveliness ” are the four 
yiecies of Abie^ -nobtliSy grandiSy tnay^nijicay and concolor, 

■ These are all, with many others, cultivated in our parks 
I and gardens, where they thrive better as a rule than in 

the Eastern States of America. Already they justify 
; in a measure Mr. Lemmon’s ecstasies ; though it is 

■ probable that their beauty will not be enhanced as they 

' grow -old, for many of these trees which are pictures of 
; grace and beauty when young become “ scraggy ” and 
unlovely w'hen old. f'ortunately the standard of age is 
' different in trees and men, and some generations of men 
i may pass before the trees lose their charm. Of their 
, value as timber trees in this country we need not speak 
I here ; indeed, little definite is yet known ; but, at any rate, 

! there are well-founded hopes in the case of the Douglas 
I fir, the Nootka .Sound cypress, Thuya borealis ^ the Thuja 
i ^igantcay and some others which seem destined to play 
' an important part in the forestry of the future. 

, After some generalities Mr. Lemmon proceeds to give 
I a classification of the true pines of the Pacific 

1 slope, a classification intended for popular purposes, and 
therefore one in w hich the histological characters of the 
I leaves are passed over. The main divisions are into 
smooth-coned pine.s and rough-coned pines, corresponding 
to the sections Sirobus and Pinaster respectively. In 
t the one the scales of the cone end in thick, prominent, 

I often spiny bosses, in the other the ends of the scale arc 
! neatly fl.it or project but little. Then comes a sub- 
division according to the length of the cone, surely a 
most untrustworthy criterion ; for instance, Lambert’s 
pine, the gigantic sugar pine, bears cones varying from 
lo to 22 inches in length according to Mr. Lemmon's 
own showing. Further subdivisions are founded on the 
position of the young cone near the terminal leaf-bud 
or at some distance from it, on the length of time the 
cones remain on the tree, (he way in which the scales 
eventually separate, and so forth. Having characterized 
the various species of Pinus, the author proceeds 
to give detailed information about each. This is the 
most valuable portion of Mr. Lemmon’s report for 
European botanists. Wc would fain make many quota- 
tions, but our space allows us only to mention two species. 
'The magnificent sugar-pine {Lambertiam)^ was first made 
known by Douglas. It sends up a magnificent shaft 
two hundred feet high, and sometimes much more. The 
value of this tree for “lumber” purposes is as great as its 
stateliness is imposing, hence thousands of noble tree# 
have been shamefully acstroyed. “ Lawless vagabonds 
penetrate the Sierra forests with only the equipment of 
an axe and a long saw, and, levelling these monstrous 
trees, they saw out a cut, examine it, aud perchance 
move on to the destruction of others, leaving to rot on 
the ground trees that would yield to tlie careful lumber- 
man twenty thousand to fifty thousand feet of clear 
lumber, worth hundreds of dollars.” Pinus Tarreyana^ 
the lone pine, also deserves special notice here as a 
species of much structural interest, and as one Which, it 
appears, is on the high road to extinction, unless that 
process can be obviated by forest ordinances or by the 
care of the cultivator. On the coast of Southern Calif^ih, 
on the bluffs at Del Mar, San Diego County, within a 
range of four miles only, and nowhere else so far as known, 
are a few small trees, buffeted and often prostrated hy 
ocean winds, clinging to the face of crmnWkig yellow 
sandstone. On the sheltered inner side of the nilis fthd 
on the spurs of the cafiohs, bathed w;ith frequent 
the trees have indeed a better chance, and th<fy accor41h|Iy 
there form a trunk tobie thirty or even fifty ^ in 
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trapped with a spreading crown. The leaves are in fives, 
a$ m many of the Mexican pines, and the cones have 
thick scales, each terminated by a short strong prickle. 
“In many respects this species of pine stands alone 
among Californian Conifers. No other species is found 
within fifty miles of it ; none other survives such 
bufTetings by the sea winds, and no other bears such large 
flowers, hard nuts, and such strong leaves. ... In the few 
localities young trees of all ages are found, but always 
less in number than the older trees, from which it is 
inferred that the species is slowly succumbing to its en- 
vironment, and must if not protected soon become extinct.^’ 
Such a tree, apait from its interesting structure and 
history, would be a valuable introduction as a sea-coast 
pine, wherever the climatal conditions are otherwise 
favourable. 

The Report from which we have taken these particulars 
is illustrated by photographs, which, if not in all cases 
very clear, at least show fairly well the general habit of 
the trees. For details of structure they are not so well 
suited, and we trust that in future Reports some other means 
may be taken to give adequate representation of such 
details. We look forward with eagerness to the continua- 
tion of the history of the Californian trees, the silver 
firs, the Douglas firs, and others that yield in no respect 
to the pines. 


THE EXTINCT STARLING OF RfiUNION 
(FRICCILUPUS VARIUS). 

alone can prove whether we are right in calling 
^ the Lregiltipus an extinct species, for many people 
have imagined that the bird still exists in the’ interior 
forests of the Island of Reunion; but as year after year 
passes by and no specimens are discovered, we fear that 
we must class the starling of R<funion, along with the 
Dodo and other birds of the JVtascarene Islands, as 
having been exterminated by the hand of man. 

The earliest mention of the Fregiiupus is believed to 
be that of Flacourt, who, in an account of a voyage to 
Madagascar, speaks of a bird called the “ Ti vouch, found 
in Madagascar, Bourbon, and the Cape, and described as 
being “black and grey, with a fine crest.” The species 
was for a long lime supposed to inhabit the Cape, and 
Montbeillard calls it the “ Huppe noire et blanche du Cap 
de Bonne Espdrance.” Its crested head and curved bill 
were evidently the cause of the bird being called a 
Hoofwe, as was done by most of the older writers, until 
Levaillant in 1806 put it down as a M crops or Bee eater. 
The latter author knew of eight specimens at least, two 
in the Paris Museum, one in the possession of each of the 
following persons, MM. Gigot Dorey, Mauduit, PAbb (5 
Aubry, M. Poissonier, one in the collection of M. Kaye, at 
Amsterdam, and one in Levaillant’s own collection. The 
fate of most of these specimens is unknown at the present 
day ; they have doubtless decayed or been destroyed, 
as the mode of preservation of animals at the beginning 
of the century was by no means perfect. 

In 1833 a very fine specimen was sent by Mr. Nivoy to 
the Paris Museum, where we saw it a few days ago, along 
with a more ancient individual, doubtless one of the two 
known to Levaillant. The same Museum also possesses 
two specitnens In spirit. The only representative of the 
genua ^regilupus in this country has hitherto been a 
ikdeton in Prof. Newton's possession. This individual 
waa ailOt in 1S33 by the late Jules Verreaux, who gave 
it to Prof: Newton, We are happy to announce, how- 
eyipri, that the Trustees of the British Museum have 

example of this extinct 
One too which, curiously enough, was not know^n 
to Hartlauh when he gave ih 1877 the list of 
supposed to exist in Museums. The bird now 
History MusOom has been acquired from 


the well-known Riocour collection at Vitry-Ia-Villc, This 
famous collection, the work of three generations of the 
Counts De Riocour, consisted of a series of excellently 
mounted specimens, forming a choice little Museum 
which it would be hard to excel. The grandfather of the 
present Count was the founder of the collection, and was 
an intimate friend of Vieillot and the old French natu- 
ralists at the beginning of the century. Nearly all the 
specimens of that age are named by Vieillot, several of 
whose types are in the Riocour collection ; and Dr. 
Gunther has been successful in securing these also for 
the cabinets of the British Museum. A more interesting 
link with the past than this collection of the Counts De 
Riocour can scarcely be imagined, and we are glad to 
know that in the hands of Mr. Boucard, who is now the 
owner of the collection, it will receive the kindly con- 
sideration which such a famous Museum deserves. 

Writing in 1877, Dr. Hartlaub, in his “ V’^ogel von 
Madagascar’s,” gives a list of the specimens of Frei^iiupus 
known to him, as follows : — Four in the J^ans Museum 
(two stuffed and two in .spirits) ; one in the Caen 
Museum; one at Leyden (old and bad); one in the 
Stockholm Museum ; one in the Museum at Florence : 
one in the J^isa Museum ; one in the Genoa Museum : 
one in the Turin Museum ; and one in the collection of 
Baron de Sclys-Longchamps. 

Sir Edward Newton likewise knew of two specimens in 
the Museum at Port Louis in Mauritius, and there isal.so 
the skeleton in Prof. Newton's possession ; so that, 
with the one recently added to the llritish Museum, there 
are probably sixteen specimens in existence. The Italian 
Museums received their specimens from the same source, 
viz. from Prof. Savi at Pisa ; and some of those in other 
Museums are from the same source. Count Salvador! 
has published a very interesting article on \\\ftFrc}^Hupus^ 
in which he informs us that Savi received several .speci- 
mens from a Corsican priest named Immbardi, and that 
these specimens were given away by Savi in the most 
generous spirit, as he appears to have retained only a 
single specimen for the Pisa Museum. 

Like other insular forms, the Fre^iilnpHs seems to have 
courted extermination by its very tameness and ignorance 
of danger. The late Mr. Pollen slated in 1868 that the 
species had become so rare in Kc^union that when he 
visited the island not one had been heani of for ten years, 
though it was still l)elieved to survive in the forests of 
the interior. 'I’he old people who remembered when the 
birds were still common told him that they were so stupid 
and fearless that they could easily be knocked down with 
sticks. 

The extinct Nccropsar rodcruanus^ Slater, was the 
representative of Frcgi lupus in Rodriguez (cf. Gii other 
and E, Newton, Phil. "Trans., vol. clxviii. p. 427), and its 
nearest living ally of the Fregi lupus is probably FalnRia 
of Madagascar, but there is also considerable affinity to 
Basileornis of Celebes and Ceram. An excellent account 
of the osteology of the genus was given by Dr Murie in 
the Proceedings of the Zoological Society for 1873. 

R. Bowuler Shakpe. 


A MANSION HOUSE MEETING IN AID OF 
THE PASTEUR INSTITUTE. 

T he Lord Mayor has fixed July 1, at 3 p.m., at the 
Mansion House, for a public meeting to hear the 
statements of scientific and medical men with regard to 
the prevention and cure of hydrophobia. Sir James 
Paget has promised to address the meeting, and it [s ex- 
pected that Sir Henry Roscoe, Dr Lauder Brunton, Sir 
Joseph Lister, Prof. Ray Lankester, Sir Joseph Fayrer, 
Mr. Victor Horsley, Mr. Everett Millais, and others will 
take part in the proceedings. All scientific men interested 
in M. Pasteur’s discoveries are earnestly requested to 
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attend and support the Lord Mayor. The foUotving' 
resolutions vviH bic moved : — 

z. '‘That this meting desires to express llhe gratitude 
of the i^eople of Great Britain and Ireland to M. Pasteur 
and the staff of the Institut Pasteur for the generous aid 
afforded by them to over 200 of our fellour-couhtrymen 
suffering from the bite of rabid dogs.” 

3. '' That this meeting, having heard the statement of 
Sir James Paget and others, records its conviction that 
the efficacy of the anti-rabic treatment discovered by M. 
Pasteur is demonstrated, and requests the Lord Mayor to 
e»tabli$h a fund for the double purpose Of making a suit- 
able donation to the Institut Pasteur, and of providing for 
the expenses of British subjects unable to pay the cost of 
a journey to Paris when bitten by rabid antmals,” 

3. “ That this meeting, whilst recognizing the value of 
M. Pasteur's treatment, and taking steps to provide for its 
accessibility to Englishmen who may hereafter be bitten 
by rabid animals, is of opinion that rabies can easily be 
stamped out in these islands, and calls upon the Govern^ 
mcnt to introduce at once a Bill for tne simultaneous 
muzzling of all dogs throughout the British Islands, as 
provided in the measure drafted by the Society for the 
Prevention of Hydrophobia.” 


NOTES. 

The King of Sweden has invited Prof. Max Miiller, the repre- 
sentative of Oxford, to be his guest at the Royal palace in Stock- 
holm during the forihcoming Congress of Oriehtalbta. Some 
500 fopisign members will attend the Congreki?. During the visit 
to Christiania, King Oscar will give a banquet to the members 
of the Congress at his villa at Bygdii, and the city has voted the 
rtfecessary funds for a civic entertainment. 

Prof. A. C. HaRDon, whose movements in the Torres 
Straits we have from time to time recorded, is now on his way 
home. Contrary to the expectations of his friends and wetl- 
wUhers, illness has overtaken him ; but, as he writes from Bris- 
bane, hope for the best would appear justifiable. He has w orked 
indefatigably during bU sojourn in the tropics, and has accu- 
mulated a vast collection, the greater part of which is now safely 
delivered. 

Mr. Henev Wn.LiAM Bristow, F.R S., died on Friday last 
at the age of seventy-two. In 1842 he was appointed a member 
of the staff of the Geological Survey of the United Kingdom. 
Mr. Bristow published various works on mineralogy and geology* 
and was the author of the mineralogical articles in Brande’s 
“ Dictionary of Science, Literature, and Art,” and of articles on 
minerals and rocks in UreV iJictionary of Arts, Mamifacftutfes, 
and Mines.” He became a Fellow of the Geological Society 
tn 1843, and of the Royal Society in 1862, and an honorary 
Fellow of King’s College, London, in 1863, He rdbeived the 
dipiotha of the Imperial Geological Idsti trite rif Vienna, arid 
from the King of Italy the diploma and ihslgnia of an ofBrief of 
the Order of SS. Maurice and Lazarus, 

Sir John Lawes entertained the members of the Lawea 
Agricultural Trust Committee at Kothamsted on Friday last. 
In the afternoon the Committee inspected the experimental 
farm and the laboratories connected with it. 

The Geologists’ Association prppose to organize a ^logkal 
exoirsion to the volcanic regions of Italy— Naples, Sieily, 
and the Lipari Islands, or to some of iheSe plE^ if riht 
to all of them-^during the month of October nekt. This eli- 
ettnion, in which ladles may take part, is not confided (6 riietn* 
fiefs of the Association, and at the meeting of the Ged 1 o|tieril 
Sdciety on June 5, Frdf. Jridd announced that the atithbrities df 
the GcoJogistfl’ Association particularly invite the attc^ldrince df 
Fellows of the GeologicaLSociety. 
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A Hose Conferekcb will be held in connection with the 
Royal Horticultural Society at Chiswick on July 2 arid 3, Ac^ 
cording to the official programme, the objects of the Confereofie 
aVri ** to get together as large and as representative a .collection of 
roses of all descriptions as possible ; to form an ^xhihitiori of all 
subjects pertaining to the rose, whether in iW botanical. Us horti- 
cultural, its literary, or its artistic aspects ; and to bring together 
for the purposes uf reciprocal information and fellowship all 
those interested in the rose and its culture.” The Koyai Horti- 
cultural Society appeal to lovers of the rose to help them to 
attain these ends. 

On Wednesday, July 10, the annual meeting of the Society of 
Chemical Industry will take place in the theatre of the Royal 
Institution at ii a.ni. In the evening the Vresident will hold a 
reception and in the Groavenor Gallery. Oh the 

two following days there will be various visits and excursions, 
and on fhc evening of July 11 the annual dinner of the Society 
Will be held. 

In connection with the bequest of the late Dr. Swiney, Vrof, 
W. R, McNab, of the Dublin College of Science, will l^egin 
a course of twelve lectures on fossil plants at the Natural History 
Museum, Cromwell Road, on Monday, the 24lh in&t. The subject 
will be continued from the course of last year, and will include 
the Ferns and Gymnosperms of the Palaeozoic and Mesozoic 
epochs, and the dawn of the Angiospermous flora. The lectures 
will be given on Mondays, Wednesdays, and Fridays at half- 
past four o’clock, and will be free to all visitors to the Museum. 

The Indian Government has purchased the coins collected 
by the Afghan Boundary Coni mission. They are over 4600 in 
nuDnl>er, and are to bo catalogued by Mr. C. J. Rogers, of 
Amritsar. 

The Russian Academy of Sciences offers a prize of 50OO 
roubles {£$00) for the best inquiry into the nature and effects of 
the poison which develops in cured The objeott of dom- 

petitors must be : (i) To determine, by means of exact experi- 

ments, the pljysical and chemical nature of the poison which 
develop.-} in fish ; (2) to study, by experiments on aniirtats, its 
action upon the heart, the circulation of the blood, the organs of 
digestion, and the nervous system ; (3) to determine the rapid ily 
of its absoqHion by the digestive organs ; and (4) to study and 
describe the characteristics which may serve to distinguish con- 
taminated fish from such os are not contaminated,” The fifth 
and sixth questions, with which it may be impoBsihle for ariy one lo 
deal aaiisfaclorily, relate to the means of preserving fish from the 
development of the poison, and to the question of counter-pofeotis 
and the medical treatment of poisoned [persons. The com^ition 
is open to all. The memoirs must be stent in, either in thn^riript 
or printed, before January 1, 1893, ^ay be written in any ohe 
of the following languages : Russian, Latin, Freitch, Itn^^ish, 
German. If none of the papers is deemed worthy of the full 
prize, ihe accumulated interest upon the above named sum may 
be handled over to the author who presents the best solution of 
some part of the problem, 

A RECENT issue of the French Jtaurnai CfficUl contain* the 
Report of the Consultative Committee for Sea Fisheries in 
France on the subject 6f through the eat^itig of musMia. 

The Committee, in the first place^ recognize that the ogMfrs 
I which cause p^nirig are those which have beccRrie imfe, or 
I have been in Water rriridered feol by decoriA posed oitiriric 
I mattery and question wlfethrir the same may not be the ease ilHth 
regard to mrisselS, Vatfedaexpla^ri<msof triusidpoiloribi^ i^ 
to the Comtriiefee* By some it was aitriboied to is pSjWfe 

crali This ex^Aatfetion, 

aatUfaetory, Ibr int)ie iVwMWer ll 

after as food. By others, the prerence oT the poison was 
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to the epawn of etar-fieh, and aleo to copper tthsoTl>ed from 
wi«c4u. Both thege Buggeeiioni were, however, disproved. The 
theory ofOrfilfl^el^o, that the poieonous action pf the mussels m 
the ftoxnach is the result of ia|i^inetiqn> not find acceptance 
at the han<)s of ihe Committee. An authority on the subject 
fohod that the musaiels lose their poisonous proi>erty if 
qooked fora period of ten minutes with carbonate of soda. The 
Committee conclude that the poisonous nature of the mussels is 
dpe to the presence in them, especially in the liver, of a volatile 
org^oic alkaloid de BrU^r\ devcIoj>ed under the 

influence of a pnrticalar microbe, which is only f »und in mussels 
living in stagnant and polluted waters. Kinnlly, they advocate 
the removal of all restrictions on mussels in artificial beds, and 
recommend the sale at all times, at fish markets, of mussels 
coming from such beds, which are usually situated in favourable 
localities, a sale which is at present prohibited in France during 
May and June. 

Mk. TuprER, the Canadian Minister of Marine and Fisheries, 
is reported to be now arranging for the establishmt^nt Halifax 
of an Intelligence Dejiartment, for the purpose of auj^plying 
fishermen on the Atlantic coasts with information as to the 
rnovement of the various food and Mt fishes. Jlulleiins will be 
issued frequently upon the subject, and will be widely circu- 
lated, and in addition fishermen will always \}c able to obtain, 
by means of n telegram or letter, any reasonable information 
they may require regarding their industry. 

The Cornell University has found in Mr. Henry W. Sage, oi 
Jthfica, a friend who^ie good-will reveals itself in a very practical 
manner. A suit is now going on, involving ^(,500,000, be* 
qi^hed to the ijbrary of Cornell. Jn the event of the suit 
being Mr. Sage proposes to pay for thft library building— to 
cost over $200,000— pn which work has bc(gun j and also to 
give the library an endowment of $300,000, Should the 
suit be won, a> is confidently expected, Mr. Sages half a 
inil)ion will proboJdy go to the University for other piir- 
ppscs. Sdeficf says that the giving of this sum will make 
Snge^s benefacUona to the University amount to about 
|i, 000,000 in cash. The inatitution also owes much to him for 
counsel nnd services. 

On June 13, Dr. A. B. Meyer, of the /^oologicil and Ethno- 
graphical Museum at Dresden, received from Prince Ferdinand 
of Bulgaria a telegram announcing that immense numbers of the 
bird called Aisior r^seuj^ U,, had arrived some days before 
at Knjajcvo, near Sofia, and were still there. The usual 
haunts of Pastor sostus are in the valleys of the Danube, in 
South RufifiU, and in the neighiwuring dUtrictsof Asia ; but this 
year it oeetUs to have extended its range, and Dr. Meyer an^ 
nouAnes that he will be glad to receive any information that 
may be sent to him as to its appearance in new neighbourhoods. 
Between 1774 and 1S75 the bird is said to have been seen in 
Germany thirty- one times, in Switzerland sixteen limes. In June 
1884 it was seen in Bavjiria, and in the autumn of the same 
year in VViirtcmbcrg, It appeared again in Bavaria in May x88fi. 
Uttttl the Oliver day k has not visited Bulgaria since J876. 

A atone which rec^itiy feU in Scanfa has 

biieii acquired by Boron Nondeaskifild (or a sum of j£84 for the 
Nktionul Museum. 

QW hhout li p.ip., a hiri)ih!tnt meteor «een at 

near the Bound. It went in a dineptlon east to north, 
nnahtfug a bright red colour, and was ooeompanied by a distinctly 

In ^eeence (0 the destructive volcanic, eruption on the Island 
of to the Western world as Vries leUndh 

$(' ipibrihetlon has been telegraphed Irom San Francisco^ 
IteOM that the first nesvs of it woe broqfiht to Vql^ohama by 
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the master of a parsing steamer, who described th^ 

M.iharaison a$ being in fiercely active eruption on tfin niuS 
of April ^3. The eruption was of Siuch u nature that i| attract 
attention on board the steamer at a gre.at distance. AfterwM4e 
it was ascertained that (fie outbreak was at the \^e*=t«rn booe of 
the mountain. From this it uoukl appear that a new crater hCH 
been formed, as the old crater is. at the top of the mountain, 
though there is a place to Ifie south west whence smoke is 
always issuing from ihc sapds. The Japin Wakly Mailt frmp 
which this information h taken, gives the following historical 
account of this remarkable volcanic island, Miharaizani ac- 
cording to the oldest Japanese histcjricnl records, was an active 
volcano so far back as 684 a. ii., but the eailiest authentic notice 
of its activity appears to have been taken in 1421, wh:;n the sea 
boiled, and the fish died in shoals. In 1684 an eruption com- 
menced which lasted seven years, and in 1703 there was a great 
CArlbqnak>c and tidal-wave, and part of the island broke down 
and formed the present harb >ur. In 1777 the mountain was in 
active eruption, and the island was covered several inches deep 
with ashes, such phenomena bein" almost constantly repeated 
from that date till 1793. It was then quiet till 1S37, and more 
or less in action foi the f dlowing twenty years. Another lull 
then took place, when, in 18C8. it again broke out, and continutd 
in action four days. The next eruption occurred in and 

lasted nearly two montbs. The most dcstnntive eruptions 
of Mihaiaizan were probably those of 1781 and *789, as, during 
the latter, the village of ShimoiaUa was entirely destroyed, and 
the people and their houses were completely burie<l in nsfies. 
There are at present six vilKiges on the island, containing i> 
population of 5000 persons, mo.stly fishermen. 

Keports from New Zealand describe a recurrence of volcanic 
activity in Mount Kuapohu. On April 29 an enormous clpud of 
steam was seen ascending from the summit. There is said to 
be every indication that considerable thermal activity is gpiflg 
on in the hot lake on the sufumit, ns tlie outburst was of t^e 
nature of a colossal geyser ascending rapidly and subsiding wt 0 
few minutes. Siqce the terrible eruption at 'I'arawera in 1886, 
any new outburst, of however trifling a clmracier, naturally gives 
cause for much alarm all along the belt of volcanic country from 
Rotorua to Tongariro and Ruapehu. 

The Pilot Chart of the North Atlantic Ocean, published by 
the Hydrograplier of the United States, shows that the month of 
May was characterized by generally fair weather, and, with the 
exception of one day, by the absence of storms of great violence. 
Much fog was encountered during the month, and seriously 
ioterfered with commerce in the vicinity of New Jersey and New' 
York. Icebergs were met with in large quantities betw'cen 
longitude 40° and 51*, north of latitude 46^ The approach of 
the hurricane Season in the West Indies was marked by two well- 
defined depressions on the 4th and t7th respectively. 

It appears that the ^mewhat eccentric weather of Western 
Europe 4uring the present year finds a parallel both in China 
and Japan, where people complain bitterly of the sudden changes 
of temperature, the premature heat followed by cold “ snatphes, ” 
the storms in quick succession and of great intensity. Thus, the 
Chinese Times of Tientsin, one of the most noithcrn parts of 
China, vays that since foreigners have had any connection with the 
place there has not been known such an inclement spring- A warm 
Ml February broke up the ice on the Peiho River 
turely, but afterwards aold set in with great severity, and M^rch 
was.characteri^d by a succession of gales, lasting somethao^ a 
week without interniiasion, and as late as the 24th the ground 
WAS covered with onaw. Asa rule, the country people never con 
have enough of snow, which they consider has a most benignant 
elTect on the soil, but the snowfall this spring wai so u|iusaal t 
tji^t IfBt ^be farmers cried out that they had had too pij^ch 
of it. 
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Trk Glasgow Htr<dd states that last year, while some wozk- 
eaea were engaged in drainage operations at LochavuUin Ibr the 
purpose of forming a public park, they discovered what was 
believed to be an old ** crannog or lake-dwelling, and several 
experts who visited it were of opinion that it was a very good 
specimen of an ancient lake- dwelling. Arrangements were 
made hj the Town Council for its being properly investigated 
and preserved as far as possible, but the weather has rendered 
operations impracticable till within the last few days. WoHc- 
men are now engaged in excavating round the place, and 
recently it was visited by Mr. Cochran-Patrick, Under* Secretary 
for Scotland, and other gentlemen interested. Among the 
articles turned up by the workmen during the examination were 
a stone bullet, such os would have been used in the slings of the 
period to which the dwelling is supposed to have belonged, and 
portions of the wattle used in the construction of the dwelling. 
Prof. Hedley, of St. Andrews, took some photographs of the 
place. I 

Mr, H, B. Cressox, of Philadelphia, ha<ii been studying i 
certain stakes or piles, which were first pointed out to him nearly 
twenty years ago, by a fisherman, in the mud at the mouth of 
Naamnn's Creek, a small tributary of the Delaware River. 
These piles are the first indication of anything in North America 
resembling the remains of lake-dwellings in Europe, Prof. 

F. W. Putnnm, in his twenty*secoBd Annual Report relating to 
the work of the Peabody Museum, says that Mr. Cresson’s recent 
investigations led to the discovery of three distinct localities, near 
each other, which be designated Stations A, B, and C. Around 
these stations were found a very important and instructive collec- 
tion of stone implements, a few points and fragments of bone, 
and a human tooth. At one station a number of fragments of 
rude pottery were found, and at this were obtained several pile- 
ends which are now in the Museum. This collection Mr. 
Cresson has given to the Museum, and he proposes soon to pre- 
pare a full account of his discoveries for publication. The Museum 
is alsc indebted to Mr. A. B. Huey, of Philadelphia, for a number 
of spedmens which he obtained while with Mr. Cresson during 
the examination of Station B, and to Mr. W. R. Thompson, of 
Philadelphia, for several potsherds, and a large stone maul with 
a hole drilled through it, from the same station, 

Mr. A. E. BfiowN, Superintendent of the Philadelphia Zoo- 
logical Garden, says in his last Report that among the most 
valued additions no the collection of reptiles, during the post 
year, were five iguanas from the Isle of Pines, West Indies. 
These were at once seen to be different from any previously in 
the collecti m, and were subsequently identified by Prof. E. D. 
Cope as Cyclura nuHla, Gray. The habit noticeable among 
the iguanas, of remaining fixed in one position when the atten- 
tion is excited, or of striking attitudes," is specially marked in 
these animats, and, several of them being of large sue, they 
have attracted considerable attention . They are of an aggressive 
disposition, and cannot be readily handled, as they strike blows 
of Mtonishing force with their long tails, and bite with great 
tenacity any object with which they are disturbed. As with 
the better-known iguanas, their most suitable food in captivity 
appears to be bananas, hens' eggs, and milk. 

In the same Report, Mr. Brown says that the Philadelphia Zoo- 
logical Society lately received* from the proprietor of a menagerie, 
a splendid male elephant called Bolivar.” The animat came 
originally from Ceylon, is now 'about thirty years old, stands 
nearly lo feet in height at the shoulder, and weighs nearly 
10, OCX) pounds. ”it may well be doubted," says Mr. Brown, 
*'if a' finer specimen of his race has ever been included in a 
XDological collection." 

MfiSAKS. Black IV and Bon have issued the second volume of 
tbeir excellent Modem Cyclopaedia of Universal Information,” 
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edited by Dr. Charles Annandale, The piesent volume, if we 
may judge from the articles we have examined, is in all respects 
equal to the first, which w« have already noticed. 

fWs have received from Tashkent an interesting Russian woik^ 

A- Wilkins, on the culture qf the American cotton-tree in 
J^idlan Turkestan. It appears that, though the first attempts 
at cultivating the Cossj*/iium hirsutum in Central Asia proved 
umuccessful, a new attempt, made since 1884, under the 
leadership of the Tashkent model farm, and with seeds 
taken from the continental States of America, has proved to 
be a real success. In 1887, there were no less than 38,700 
acres under that crop, in I'urkeslao, and in the following 
year the area was trebled. The crop of 1887 was estimated a 
68,000 cwts. of raw cotton. Besides giving practical advice for 
the culture of the American cotton -tree, M. Wilkins's book con- 
tains valuable information about the climate of Turkestan, 
analyses of the soil and so on, from which it appears that, although 
the American species can be cultivated about Tashkent, where 
from 214 to 237 days every year are without frost, its real domain 
will be on the banks of the Zerafshan and the lower Amu-Daria, 
and in the Transcaspian region. It is also worthy of note that a 
new interesting variety of Co^sypium hirsutum^ differentiated by 
the fact that its flowers grow in groups of two, three, and four on 
a common stalk, has been obtained at the. Tashkent model farm. 

The additions to the Zoological Society's Gardens daring 
the past week include two Prairie Wolves {Canis lafrans £ 9 ) 
from the Rocky Mountains, presented by Mr, Charles Martin ; 
two Long-fronted Gcrbilles (Ger^iUns longifrons) from Western 
Asia, presented by Lieut. 'General Sir Harry B. Lumsden, 
K.C.S.I. i a Chattering Lory {Lerius garrnlus) from Moluccas, 
presented by Mr, Thomas Taylor ; two Slender-billed Cockatoos 
{LUmitis Unnirostris) from South Australia, two Coffin's 
Cockatoos {Carat ita habitat uncertain, presented by Dr. 

Seton;tvo Rszorbills {Aha British, presented by Dr. 

B. Hewetson ; two Viperine Snakes {Tropidonohis viptr^ 
inus)f three Green Lizards {Lactrta xMdis)^ two Marbled Newts 
{Molgr marmorata)^ two Spotted Salamanders [Saiatnandra 
maad0sa\ two Edible Frogs {Rana escHlenia)^ three Green 
Tree-F'rogs ( arbona) from Southern France, presented by the 
Rev. F. II, Holmes ; a Smooth Snake {Coronella 4 n//j) from 
Southern France, presented by Miss Agnes Flemyng ; a Cocos- 
nut Crab {Birgui latro £ ) from India, presented by Commander 
Alfred Carpenter, R.N. ; two Nicobar Pigeons {Ca/anar 
harica £ 9 ) from the Indian Archipelago, a Collared Peccary 
{Dicotyles taja^;u) from South America, three Australian Waxbllls 
[RsirMi iemporalii) from Australia, purchased ; three New 
Zealand Parakeets (CyaHorhampkus navas^xealrntdiai) from New 
Zealand, received in exchange ; a Black Lemur {Lemur nm<Ko\ 
an Axis Deer {Ctrvus axis 9 ), born in the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Two Remarkable CoNj(JNC*noNs,--Mr. Marth calM the 
attention of the Royal Astronomical Society at lU last meeting* 
on June 14, to two remarkable conjunctiems which will occur tn 
the autumn of the present year, and which should be most care^* 
fully watched .by astronomers ihc world over. The first is the 
conjunction of Mars and Saturn on September lo, at loh, 
G.M.T., the closest conjunction of the two planets on record, 
the geocentric distance l^eiiig only 54'', so that to the naked eye 
the iw’o stars would probably ap^ar to coolesoe. The conjunct 
tion is rendered the more interesting from its occurring in thfi 
near neigh l?o«f hood of Rcgulns, which will be distant only 4 * 
of arc ; whilst Venus passes over the same regjott cf the sky 
three days later, passing within 12' of Regulus, The o6t» jimctw 
of Mars with the Raturnhw system oil September xo he 
so close that it will have a very narrow escape of 
lapetus, the two being ia" apart at tth. 
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The second remarkable conjunction will be that of lapetus, the 
oatermost satellite of Saturn, with Titan. This will occur on 
November l at Sh., end the two satellites, moving in difiereot 


directions, will puss within 3" of each other. Shortly after this 
dose ajgproach lapetus will enter the shadow of the ring i^stehi, 
and u &tum is tiMm near quadrature, the eiuir^ passage 6f the 
satellite through the shadow will be clear of the planet us teen 
from the earth. The satellite’s path traverses the shadow of the 
rings on both sides of the planet, and the clear space between the 
planet and ring on pne siae, but probably not on both. It will 
be A matter of the greatest interest and importance to note if the 
satellite shines out when crossing the projection of the Cassinion 
division, and if it is at all visible when in the shadow of the 
dusky ring or crape veil. The Australian astronomers will have 
the opportunity, if weather serves, of observing this most rare 
and interesting occurrence, whilst those of America will be best 
able to observe the first -named conjunction, viz, that of Saturn ; 
and Mars. 

The General Relations of the Phenomena ok 
Vartaule Stars. — Under this title Mr. S. C. Chandler, who 
hfus in such an especial manner made the subject of variable stars { 
his own, contributes to G flu Id's Astronomicnl Journaiy No. 1 93, 
the results of his discussion of the facts as yet ascertained with 
relation to these objects. Making abstraction of the stars of the 
Algol time, it appears that variables may legitimately be divided 
into two great classes, those of short and those of lone period ; 
the former including the stars of less than 90 days^ period, 
the latter those of more than 120 days. The first characteristic 
related to the length of period is that of colour — “the redder 
the tint, the longer the period.” ^Tie range of variahility is 
another feature. This also appears to depend upon the period-— 
the greater the range, the longer the period— but the relation is | 
not one of simple proporlionafiiy. The form of the light-curve 
is a third point, ror the short- period variables the time of in- 
crease averages about two-thirds the lime of decrease, but for the 
long-period stars the rate varies in a curious manner. Increase 
ana decrease lake about the same time for stars, between 100 and 
200 days ; then the ratio lessens, until for stars of about a year’s 
period the time of increase is only about half that of increase ; 
the rntio then increases again, and for the stars of longest period 
decline and recovery proceed with about equal speed. It is also 
noteworthy that though it would appear that stars with a period 
of a year or nearly a year are less likely to be readily discovered 
than those of a longer or shorter variation, yet as a matter of , 
fact they form distinctly the most numerous class of the long- I 
period stars. Both these curious facts stand as yet without ! 
explanation. 

A point of diflference between the long-period and short- 
period stars appears to be indicated in the irrc^larities to which ! 
their periods are severally subject ; the iireguTarities in the first 
case being, broadly speaking, periotlic in their nature, but in 
the second case secular, or at all events reauiring veiy many ^ 
cycles of the star for their development. These irregularities 
are common for the first class, but quite exceptional for the 
second. For these reasons, and considering the absence of 
^rs of between 90 and 120 days, the difference in colour in 
average range of variation, and in form of light curve between 
the two classes, Mr. Chandler is led to believe that the cause of 
variation is probably different for the two classes of stars, as it 
Is probably different again for the third class we call after 
Algol. With regard to the distribution of variables, Mr. 
Chandler shows that our present knowledge is insufficient to 
justify any very substantial inferences. A certain c^regation 
of short-period variables near the plane of the Milky Way docs, 
however, seem to be indicated with some distinctness. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 JUNE 23 - 29 . 

/p*OR the veekoaing of time the nsivil dafi eommencing it 
Oveenwi^ mean midnight, counting the hours on to 24, 
iahere employed^) 

Grtemmeh m June 23 

Sun fieUf, 3h. 45m. t louths, tab. im. S7Ts, ; daily increaM of 
aouihing, I2'9s. : wu, 20h. 19m. i right ato. on meridian, 
^ 9*3m. ; decL 23* 26' N. Sidereal Time at Sunset, 

' I4h« 28m* 

Item (New on June aS, 9h.) rises, ih, a9m. 5 souths, 

» Sh. X9m. t ee& tih. nmx right asc, on meritBan, 
lb, as’im* j deck 9 N. 


Mercury 
Venus,.. 
Mars .... 


Saturn... 
Uranus ., 
Neptune. 


Ritas. 

Souths. 

S«ts. 

Right asc. 

OR 

h. m. 

h. ni. 

h. m. 

h, m. 

• 3 49 

11 jfs . 

. *9 23 . 

• S 43 '6 

. 1 41 ... 

8 58 . 

. 16 15 . 

• 3 4*5 

. 3 33 ... 

n SS . 

. 20 17 . 

. 6 2*7 

. 30 16*... 

0 10 . 

.44. 

. 18 15*8 

. 7 ... 

■ 

. 22 45 . 

. 9 3ro 

. 13 27 

18 58 . 

. 0 29*. 

. 13 6‘9 

. 2 XI ... 

9 59 • 

17 47 . 

. 4 57 


18 5; N, 
X 3 N, 
24 11 N, 
23 14 s. 
16 42 N, 

6 26 S. 

19 13 N- 


* Indicatei that tha rising is that of tha preceding waning and the 
setting that of the foltowing morning. 

June. h. 

24 ... 6 ... Venus in conjunction with and o' north 

of the Moon. 

24 ... 19 ... Jupiter in opposition to the Sun. 

26 ... 7 ... Venus at greatest distance from the Sun. 

27 ... 8 ... Mercury in conjunction with and 3* 4' south 

of the Moon. 

28 ... 3 ... Mars in conjunction with and i’ 32' north 

of the Moon. 

28 ... 9 ... Annular eclipse of the Sun: visible princi- 

pally in the southern portions of Africa. 

Variable Stars, 


U Cephei ., 

$ Libree 
U Coronse . 
V Herculis . 
U Ophiuchi, 


U 55 * 

15 * 3*7 

16 S 4-2 

17 io '9 . 


8x 17 N, 

85 s. 

.32 3 N. 
- 35 14 N. 
I 20 N. 


X Sagittarii 17 40*6 .. 27 47 S. 


U Sagittarii.. 
& Lyrw 

e Aquihs 
T Aquarii ... 


18 25*6 
18 40 'O 


19 r2 S. 
13 14 N. 


... 19 46-8 ... o 43 N 

... 20 44*1 ... S 34 S. . , 

signifies oiaximum : m mimmum. 

Afetior^Sfumers. 

R.A. Decl. 


h. n. 

June 24, 22 27 m 

„ 29, 21 6 w 

„ 24, 20 50 m 

,, 36, o 58 m 

,,26. M 
,, 27. 2 26 « 

„ 22 34 m 

,, 23, 22 o . 

,, 28, 1 o m 

,, 29, t o m 

,, 25, 22 Q m 

M 29, 3 od/ 


25 , 31 Q m 


Near 52 Herculi^i 
„ fiCypi... 
,, c Delphini 


254 ... 47 N. ... Swift, 
295 ... 40 N. ... Slow. 
305 ... 9 N. ... June 28. 


rises, ih. S9m, ; souths, 
right asc, <m moritBaa, 


GEOGRAPHICAL NOTES, 

The recent telegrams relative to Mr. Stanley’s movements 
cannot l>e regarded as satisfactory. There can be no doubt that 
he has reached the cast coast of the Victoria Nyanza, but that 
he could do so in eighty-seven days from Yambuya, on the 
Aruwimi, is incredible. Therefore the dale, December 2, as 
that on which Mr. Stanley was at Ururi, on the south-east of 
Victoria Nyanza, must be wrong. Moreover a message would 
not take six months to reach Zanzibar from there ; the journey 
in normal times can be done in one month* It is to be feared 
that Mr. Stanley has had to leave the problems connected with 
the Mwuta Nzige unsolved. It would seem as if he had come 
round by the country to the north of Uganda, and so reached the 
Nyoro country on the north east of Victoria Nyanza. After 
Emin received all the stores which Stanley took back with him 
(from Mslala on the south of Victoria Nyanza), the probability is 
that the Pasha would return to Wadelai. However, it is expected 
that a letter from Mr, Stanley will arrive in a few days. 

Dr. Frithjof Nansen arrives in London to-morrow, and 
during his stay will be the guest of Prof. Flower. 

The June number of the Scottish Geographical Afaj^azine is a 
particularly good one. Mr. H, B. Guppy contributes the first 
part of the results of his observations on the C<^0S‘KeeIing 
Islands, which promise to be an important addition to the 
already abundant literature on the formation of coral isianda 
Mr. Guppy also sends an interesting short paper on*Tridacna 
pearls. Mr. W. B, Tripp’s notes on South American rainfall 
south of the tropics ate useful. Dr. H. R. Mill contributes a 
highly suggestive paper on scieulific earth -knowledge as an aid 
to commerce. Dr. Mill really indicates the lines on which the 
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bR«t8 of commercial gcopfraphy should be laid ; and his 
paper, combined ^ith what is being done elsewhere, leads es to 
hope that that hitherto ill-used and profitless subject umy yet 
be worthy of a high pface in technical education, fn the seme 
magaiine is the report of an address by M. Krojxitkin on the 
study bf geography, which we commend to all interested in this , 
important subject. 

At the recent German Geographentag, Dr. EBchenhagen, of 
the Imperial Marine Observatory, described the results of his 
magnetic surveyor the Hars Mountains, begun last autumn, and 
comprising about 3000 measurements, He has shown that no 
connection can be proved to exist between the ancient geological 
line of fracture of the Harz and the distribution of terrestrial 
magnetism, such as Naumann demonstrated in the case of Japan, 
Dr, Eschenhagen has extended hU explorations in terrestrial 
magnetism over the whole of the north-west of Germany, so 
that, inasmuch as a similar survey of Austria-Hungary will be 
completed about 1892, our knowledge of the distribution of 
terrestrial magnetism in Central Europe has made a great 
advance. 

Dr. O. KrummkL contributes to the current number of PeUr^ 
tnann’s an important paper on erosion through the 

agency of tidal currents, in which, by a careful examination of 
several specific instances, he endeavours to come to some con- 
clusion as to the laws which govern the erosive work performed 
by the tides. There is paper of some practical importance on 
the suitability of Central Asia for Russian colonization, by 
Crenel Annenkof. 

The number of the Uol^iino of the Lisbon Geographical 
Society is entirely occupied by a long paper in French, (>y M. 
A. Marques, giving a detailed account of the Samoan Islands 
in all their .aspects. Asa summary of our knowledge of these 
islands, the paper will be found useful. 

In the current number (4) of the Mitthnlungeu of the Vienna 
Geographical Society will be found the first p irt of a paper, by 
Herr Jankd, on the development and topography of the Rosetta 
mouth of Nile. 

Dr. Schweinfurtk writes with great satisfaction of hie 
journey in Hodcida, in Southern Arabia, in the early part of the 
present year. Among the places he visited were Khalife, at 
the foot of the Jebel Bum, Wolleje, the Jebel Melhan, Bajil, 
Hojela, Wossil, and Jebe? Harrassa. T'he climate he found quite 
European, the nights bitterly cold, though it was hot enough for 
an hour or two in the middle of the day. Dr. Schweinfurth's 
botanical collections exceeded all his expectations ; the moun- 
tain -slopes are covered with vegetation. He sent home sonic 
600 species (iSo'j specimenab isesidcs seeds and living plants. 

In a very able memoir published by the Danish Society of 
Northern Antiquaries (in English), IVof, Gustav Storm redia- 
cusses the vexed question of the Vinland voyages of the Norse 
colonists of Greenland, for the purpose of determining as 
accurately as the data will jRfnmt the various lands mentioned in 
the old Sagas. ** Helluland," Prof. Storm is inclined to think, 
must be Labrador ; MarkJand corresponds to Newfoundland, 
and Vialani to Cape Breton Island and Nova Scotia. 

J. V. Buchanan has been appointed Lecturer in Geo- 
graphy at the University of Cambridge. 

It is repotted from Sydney that the New South Wales brantdi 
of the Royal Geographical Society is sending an explorer, 
Mr. Arthur J. Vogan, to j^tber information relative to the far 
interior. Mr. Vogan will travel northwards from Fort Bourke 
to Pitchiri Creek, on the Upper Mulligan (Ut. 21* §.), and after 
exploring the country from that point to the Herbert River, will 
ehner make his way to the Gulf of Carpentaria or to Hughenden, 
Mr. Vogan kitchded leaving Sydney during May. 


ALUMINIUM} 


^HEMISTS of many lands have costributed to our knowledge 
^ of the metal aluminium. I^avy, in 1807, tried in vain to 
reduce alumina by means of the electric current. Oefstedt, the 
Dane, in 1824 pointed out that the metal could be obtained by 
treatiim the chloride with an alkali metal ; this was acoom- 
pHahed in C^nahny by Wdhier in 1827, and more completely 
in 1845, whUsC in 1854, Bunsen showed bow the metal can be 

disoaurM rioUvored by ^ir RqmsoSi M R 
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obtained by electrolysis. But it is to France, by the hands of 
H^nfj Sc. Claire Deville, in the same year, that the honour 
belonfs of having fiisi prepared aluminium in a stale of purity, 
and of obtaining it on a scnle which enabled its vaUiMile 
properties to be recogniaed and made available, and the bar oT 
*' an ver* while inetnl oliay,'* was one nf the cbemion) 

wonders in the first Pam Exbilrition of 1855, Now England 
azvd America step in, and 1 have this evening to relate the im- 
portant changes which finHher inveatigation kas efle^^cd in the 
meiallargy ca alummium- The process suggested by Qerstedt^ 
carried out by Wohler, and modified by Deville, remains in 
principle unchanged. The metal is prepared, as before, by a 
reduction of the double chloride of aluminium and sodium, by 
means of metallic sodium in presence of cryolite ; and it is 
therefore not so much a description of a new reaction as of 
improvements of old ones of which I have to speak. 

1 may perhaps be allowed to remind my hearers that more 
limn thirty-three years ago, Mr. Barlow, then secretary to the 
In titmion, delivered a diwurse, in the presence of M- Deville, 
on the propel ties and mode of preparation of aluminium, then a 
novelty. He stated that the metal was then sold at the raite of 

3 per ounce, and the exhibition of a small ingot, cast in the 
laboratory by M. Deville, was considered remarkable* A» 
indicating the progress since made, I may remark that the 
metal is now sold at zos. per pound, and nmnufactured by thetpn, 
by the Aluminium (Company, at their works at Oldbury, negr 
Birmingham, The improve -uenls which have been nude in this 
manufacture by the zeal and energy of Mr. Castner, an American 
metallurgist, arc of so important a character, that the process 
may properly lie termed the Devillc-Castner procei^s. 

The production of alvmiiuium previous to 1887, pvolubly did 
not exceed 10,000 pounds per annum, whiht the price at that time 
was very high. To attain even this production required that at 
least 103,000 pounds of double chloride, and 40,000 of aodjwna 
should be manufactured annually. From thest; figures au idea 
of the magnitude of the undertaking assumed by the Aluminium 
Company may be esdmated, when w'o lean) that they creeled 
works having an annually producing capacity of 100,000 poundfr 
of aluminium. To accomplish this required n'lt only that at 
400,000 pounds of sodium, 8oo,ooo of chlorine, and i,Qop,oOd 
of double chloride, should be annually manufactured, bu^ 
in addition that each of these materials should be produced U* 
very low cost, in order to enable the metal to be >rolc| at Wt 
per pound. 

Inc works, which now cover a space of nearly five acrftSf 
divided into five separate departments, viz. (i) sodium: j(r) 
chlorine ; (3) chloride ; (4) aluminium ; and (5) foundry, KMUngf' 
wire mills, ike. 

In each department an ojccurate account is kept of pro- 
duction each day, the amount of mutoriol used, the 
furnaces and apparatus in operation, Slc. In this manner it has 
been found possible to ascertain each day exactly how 
difierent processea arc progressing, and what effect any mod^' 
cation has, either on cost, quantity, or quality of product. By 
this means a complicated chemical process is reduced to a 
of very aimplc operations, S) that whilst the pronscsses sure 
apparently complicated and difficult to carry out succoaiftdly, thia 
is not the case now that iho detaiL connocted with the roanu* 
(acturc have been perfected, and each operation carried ws 
quite independently until the final materials are brought together 
lox the pTMUCtioa oI the aluminium. 

The firtt improvement oedurs ip the manufacture of sodium hf 
what is known as the ** Custner process.*' The successful work- 
ing of this process marks an era in the production of sodium, as 
h not only has greatly cheapened the metal, but has enabled the 
manufacture to be carried ont upon a very l^e spale udth little 
or no danger. -Praotic^ly, the process consUu in heating fused 
caustic soda in contact with camn whilst the former snSatance 
is in a perfectly Bauid condition. By the process in vogue befbre 
the introduction of this method, it was always deemed neoessaiy 
that special means should be taken to guard against actual Aisi<m 
of the ndxed ehorgts, which* if It were to take place, would to a 
iaige extent allow the elkali and reducing material to separate. 
Thus, having an hffusBde charge to heat, requiring tine eUaploy- 
meot of a venf high temperature for its decompostrioD^ the itcto 
vessels must be of smaW cJrciuittference to dllow the 
of the heat to the ccntce m the ^aige wUhout tetuaily meltuig 
the ve^l In which the mateHnls oiw htotetL By the nuv ,ptO- 
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owing to the alkali being in a fused or perfectly liquid 
ootidition in contact directly with catbriOr the necessity of this 
^avoided, and consequently, the reduction can be carried on in 
larttii vessels at a comparatively low temperature. The reaction 
Ukifig place may be expressed as follows : — 

3NaIIO + C Na^COg + 3H + Na. 

The vesfielfi in which the charges of alkali and reducing 
material are heated are of egg-shaped pattern, about i8 inches 
in width at their widest part, and about 3 feet high, and are 
made In two portions, the lower one being actually in the form 
of a crucible, while the upper one is provided with an upright 
stem and a protruding hollow arm. This part of the apparatus 
is known as the cover. In commencing the operation, these 
covers are raised in the heated furnace through apertures pro- 
vided in the floor of the heated chamber, and are then fastened 
in their place by an attachment adjusted to the stem ; the hollow 
artn extends outside the fun^ace. Directly below each aperture 
in the bottom of the furnace are situnte^l the hydraulic lifts, 
attached to the top of which are the platforms upon which are 
placed the crucibles to be raised into the furnace. Attached to 
the hydraulic lifts are the usual reversing valves for lowering or 
raising, and the platform is of such a sire aa, when raised, com- 
pletely to fill the bottom ajicrlure of the furnace. The charged 
crucible, being placed upon the platform, is raised into its posi- 
tion, the edges meeting those of the cover, forming an air-tight 
joint which prevents the escape of gas and vaixiur from the 
vessel during reduction, except by the hollow arm provided for 
this purpose. The natural expansion of the iron vessels is 
accommodated by the water -pressure in the hydraulic lifts, so 
that the joint of the cover and cnicible are not disturbed until it 
is intended to lower the lift for the purpose of removing the 
crudible. 

The length of lime required for the first operation of re<luction 
and distillation is about two hours. At the end of this time the 
crucibles are lowered, taken from the platforms by a large pair 
of tongs on wheels, carried to a dumping pit, and thrown on 
their side. The residue is cleaned out, and the hot pot, being 
^ain gripped by the tongs, is taken back to the furnace. On 
its way, the charge of alkali and reducing material is thrown in. 
It Is again placed on the lilt and raised in position against the 
edg«8 of the cover. The time consumed in making the change 
U a minute and a half, and it only requires about seven minutes 
to draw, empty^ recharge, and replace the five crucibles in each 
(bmacC. In this manner the crucibles retain the greater auioimt 
of their heat, so that the operation of reduction and distillation 
now Only requires one hour and ten minutes. Each of the four 
fumasees, of five crucibles each, when in ojreration, are drawn 
alterftutely, so that the process is carried on night and day. 

Attached to the protruding hollow arm from the cover are the 
condensers, which are of a peculiar pattern specially adapted to 
this process, being quite different from those formerly used. 
They are about 5 inches in diameter and nearly 3 feet long, and 
have a small opening in the bottom about 20 inches from the 
noi;flc. The bottom of these condensers is so inclined that the 
metat condensed from the vapour isfuing from the crndble 
during reduction, flows down and out into a small pot placed 
directly below this opening. The uncondensed gases escape 
from the condenser at the further end, and burn with the cha- 
racteristlo sodium flame. The condensers ari also provided 
with a small hinged door at the further end, by means of which 
the Workmen from time to time may look in to observe how the 
distlUatiOn is progressing. Previous to drawing the crucibles 
ftvrttt the furnace (or the purpose of emptying and recharging, 
the stiuilt pots each containing the distilled metal ore removed, 
and empty ones substituted. Those removed each contain, on 
an average, about 6 pounds of metal, and are taken directly 
to th^ spmum casting shop, when it is melted and cast, either 
into large bars ready to he used for making aluminium, or in 
smaller ,aticks to be used. 

Sbecial ease is taken to keep the temperature of the furnaces 
at aoout C., and the gas- and air valves are carefully re- 
gt»ated| BO as to maintain as. even a temperature os possible. 
The covers xemin in the furnace from Sunday night to Saturday 
aftenintm, aikt the crucibles are kcpi in use until they are worn 
when new ones are substliuted without Interrupting the 
:0eii«ml 0^ lihs fluaaee. A (krnace in operation re- 

<|idres , 03^ ^hds of canetic soda every one hour and ten 
mihutee, afli yields, in the same time, 30 pounds of sodium 
dnd aboata40 pounds of crude carbonate of soda. With the 


four furnaces at work, 120 )>oiindK of sodium can be made every 
seventy minutes, or over a ion in the twenty Tour hours. The 
residual carbonate, on treatment with lime in the usual manner, 
yields two'thiids of Ihe original amovmt of caustic operated 
upon. The sodium, after being cast, is saturated with ketosene 
oil, and stored in large tanks holding several tons, placed in 
rooms specially designed both for security against either Are or 
water. 

Chi&i'im Manufacture* 

This part of the works is coonecled with the adjacent works 
of Messrs. Chance Bros, by a large gutla perch a pipe, by means 
of which, from time to time, hydrochloric acid is supplied direct 
into the large storage cistern*;, from which it is used as desired 
for making the chlorine. For the preparation of the chlorine 
gas needed in making the chloride, the usual method is em- 
ployed \ that U, hydrochloric acid and manganese dioxide are 
healed together, when chlorine gas is evolved with effervescencr, 
and is led away by earthenware and lead pipes to large lead- 
lined gasometers, where it is stored. 

The materials for the generation of the chlorine are brought 
together in large tanks or stills, built up out of great sandstone 
slabs, having rubber jointc, and the heating is effected by the 
injection of steam. The evolution of gas, at first rapid, becomes 
gradually slower, and at last stops ; the hydrochloric acid and 
manganese dioxide being converted into chlorine and manganous 
chloride. This last compound remains dissolved in the ‘'spent 
still liquor” and is reconverted into mang.anesc dioxide, to be 
used over again, by WeMon's manganese recovery process. 
Owing to the difficulty of keeping up a regular supply of chlorine 
under a constant pressure directly from the stills, in order that 
the quantity passed into the sixty different retorts in which the 
double chloride is made can be regulated and fed as desired,, 
four large gasometers were erected. Each of these is capable 
of holding 1000 cubic feet of gas, and is completely lined with 
lend, as are all the connecting mains, ^c., this being the only 
available metal which withstands the corrosive action of chlorine. 
The gasometers are filled in turn from the stills, the chlorine 
consumed being taken direct from a gasometer under a regular 
pressure until it is exhausted ; the valves being changed, the 
supply is taken from another holder, the emptied one being 
renlled from the still. 

Manufacture if the Double Chloride*. 

Twelve large regenerative gas furnaces are used for heating, 
and in each of these are fixed five horizontal fire-clay retorts about 
fo feet in length, into which the mixture for making the double 
chloride U placed. These furnaces have been built in two rows, 
six on a side, the clear passage-way down the centre of the 
building, which is about 250 fert long, being 50 feet in width. 
Above this central passage is the staging, carrying the large 
1. ad-mains for the supply of the chlorine coming from the gaso- 
meters. Opposite each retort, and attached to the main, are 
situated the regulating valves, connected with lead and earthen- 
ware pipes, for the regulation and passage of the chlorine to 
each retort. The valves are of peculiar design, and have been 
so constructed that the chlorine is made to pass through a certain 
depth of liquid, which not only, by opposing a cert am pressure, 
allows a known quantity of gas to pass in a given lime, but 
also prevents any return from the retort into the main, should an 
increase of pressure be suddenly developed in the retorts. 

The mixture with which the retorts are charged is made by 
grinding together hydrate of aUimina, salt, and charcoal. This 
mixture is then moistened v\ ith water, which partial Iv dissolves 
the salt, and thrown into a pug mill of the usual type for making 
drain pipest excepting that the mass is forced out into solid 
cylindrical lengths upon a platform alongside of i^hich a work- 
man is stationed with a large knife, by means of which the 
material is cut into lengths of about 3 inches each. These are 
then piled on top of the Urge furnacei; to diw. In a few hours 
they nave sufficiently hardened to allow of their being handled. 
They are then transferred to laige waggons, and are ready to be 
used in charging the retorts. 

The success of this process is in a great measure dependent— 
(i) on the proportionate mixture of materials ; ( 4 ) on 1 he tem- 
perature of the furnace ; (3) on the quantity of chloi^e intro- 
duced in 4 given time ; and (4) on the actual construction of the 
retorts. I am, however, not at liberty to discuss the details of 
this pmrt of the process, which have only a oouMnercisrl interest. 
In carrying on the operation, the furnaces or letotts, when At the 
proper tentpemiure, are Charged by throwing in the balls urtU 
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they are quite full, the fronts are then sealed up, and the cha^e 
allowed to remain undisturbed for about four hours, during which 
time the water of the alumina hydrate is completely expelled. At 
the end of this time tne valves on the chlorine main arc opened, 
and the gas is allowed to pass into the charged retorts. Jn the 
rear of each retort, and connected therewith by means of an 
earthenware pipe, are the condenser boxes, which are built in 
brick. These boxes are provided with openings or doors, and 
also with earthenware pipes, connected with a i'mall flue for 
carrying oflf the uncondensed vapours to the large chimhey. At 
first the chlorine passed into each retort is all absorbed by the 
charge, and only carbonic oxide escapes into the open boxes, 
where it burns. After a certain time, however, dense fumes are 
evolved, and the boxes arc tlien closed, while the connecting pine 
between the box and the small flue serves to carry off tne 
uncondensed vapours to the chimney. 

The reaction which takes place is as follows 

AlaOa '! 2NaCl + 3C + 6 C 1 = 2AlC]3NaCl + 3CO. 

The chlorine is passed in for about seventy -two hours in vary- 
ing quantity, the boxes at the back being opened from time to 
time by the workintn to ascertain the progress of the distillation. 
At the end of the time mentioned the chlorine valves are closed, 
and the boxes at the back of the furnace arc all thrown open. 
The crude double chloride as distilled from the retorts, condenses 
in the connecting pi[)c and trickles down into the l)Oxes, where 
it solidifies in large irregular masses. The yield from a bench 
of five retorts will average from 1600 to 1800 pounds, which is 
not far from the theoretical quantity. After the removal of the 
crude chloride from the condenser boxes the retorts are opened 
at their diargingend, and the residue, which consists of a small 
quantity of alumina, charcoal, and salt, is raked out and remixed 
'in certain proportions with fresh material, to be used over again. 
The furnace is immediately re-charged and the same operations 
repeated, so that from each furnace upwards of 3500 pounds of 
chloride are obtained weekly. ^ With ten of the twelve furnaces 
always at work the plant is easily capable of producing 30,000 
pounds of chloride per week, or 1,500,000 pounds per annum. 

Owing to the presence of iron, lioth in the materials used (viz. 
charcoal, alumina, &:c.}and in the fire-clay composing the retorts, 
the dUtiJIed chloride always contains a varying proportion of 
this metal in the form of ferrous and ferric chloride. When it 
is remembered that it requires to pounds of this chloride to pro- 
duce I pound of alumimum by reduction, it will lie quite ap- 
parent how materially a very small i>ercentage of iron in the 
chloride will influence the quality of the resulting metal. I 
may say that, exercising the nln't’st as to the purity of the 
alumina and the charcoal used, and after having the retorts made 
of special fire-clay containing only a very small percentage of 
iron, it was founu almost impossible to produce upon a large scale 
a chloride containing le^s than 0*3 per cent of iron. 

This crude double chloride, as it is now called at the works, is 
highly deliquescent, and varies in colour from a light yellow to 
a dark red. The variation in colour is not so muoi due to the 
vaiying percentage of iron contained as to the relative proportion 
of ferric or ferrous chlorides present, and although a sample may 
be either very dark or quite light, it may stilT contain only a 
small percentage of iron if it be present as ferric salt, ora very 
large percentage if it is in the ferrous condition. Even when 
exercising all possible precautions, the average analysis of the 
crude double chloride shows about o’4 per cent, of iron. The 
metal subsequently made from this chloride therefore never 
contained much less than about 5 per cent, of Iron, and, as this 
quantity great injures the capacity of aluminium for drawing 
into wire, rolling, &c., the metal thus obtained required to be 
refined. This was successfully accomplished by Mr. Costner and 
his able assistant, Mr. Cullen, and for some time all the metal 
made was refined, the iron being lowered to about 2 per cent. 

The process, however, was difficult to carry out, and required 
careful manipulation, but as it then seemed the only remedy for 
effectively removing the iron, it was adopted and carried on for 
some time quite successfully, until another invention of Hr. 
Castner rendered it totally unnecessary. 7 'his consisted in 
purifying the double chloride before reduction. I cannot now 
explain this process, but I am able to show some of the product. 
This purffied chloride, or pure double chloride, is, as you see, 
quite white, and is for less deliquescent than the crude, so that 
it is quite reasonable to infer that this most undesirable property 
is greatly due to the former presence of iron chlorides. I luve 
seen large quantities containing upwards of ij p«r cent, of iron, 


or 150 pounds to 10,000 of the chloride, completely purified! 
from iron in a few minutes, so that, wliiUt the substance before' 
treatment was wholly unfit for the preparation of aluminium, 
owing to the presence of iron, the result was, like the sample 
exhibited, a mass containing only l pound of iron in 10,000, or 
0*01 per cent The process is extremely simple, and adds little 
or no appreciable cost to the final product. After treatment, 
this pure chloride is melted in large iron pots and run into drums 
bimilar to those used for storing caustic soda. As far as 1 am 
aware, it was generally believed to be an impossibility to remove 
the iron from anhydtxms double chloride of atutninium and 
sodium, and few, if any, chemists have ever seen n pure white 
double chloride. 

Altiminium Manufacturt^ 

I now come to the final stage of the process, viz. the reduction 
of the*pure double chloride by sodium, This is effected, not in 
a tube of Bohemian gloss, as shown In Mr. Bnrlow^s lecture in 
1856, but in a large reveiberatory furnace, having an inclined 
hearth about 6 feet square, the inclination being towards the' 
front of the furnace, through uhich are several openings at 
different heights. The pure chloride is ground together with 
cryolite in about the proportions of two to one, and is then 
carried to a staging erected above the reducing furnace. The 
sodium, in large s]al>s or blocks, is run through a machine similar 
to an ordinary tobacco-cutting machine, where it is cut into small 
thin slices ; it is then also transferred to the staging above the 
reducing furnace. 

Both materials are now tlirown into a large revolving drum, 
when they become thoroughly mixed. 1'hc drum being opened 
and partially turned, the contents drop out into a car on a tram- 
way directly below. The furnace having been raised to the 
desired temperature, the dampeis of the furnace are all closed to 
prevent the access of air, the heating gas also being shut off. The 
car is then moved out on the roof of the furnace until it stands 
directly over the centre of the hearth. The fiirnnce roof is pro- 
vided with large hoppers*, and through these openings the charge 
is introduced a.s quickly as possible. The reaction takes place 
alnrost immediately, and the whole charge quickly liquefie.s. At 
the cud of a certain lime the heating gas is again introduced and 
the charge kt^l at a moderate temperature f >r about two hours. 
At the end of this period the furnace is tapped by driving a bar 
through the lower opening, which has previously Ijeen slopped 
with a fire- clay plug, and the liquid metal run out in a silver 
stream into moulds placed below the opening. When the metal 
has all been drawn off, the slag is allowed to run out into- 
.small iron waggons and removed. The openings being again 
plugged up, the furnace is ready for another charge. From 
each charge, composed of about 1200 pounds of pure chloride, 
600 pounds of ci;yoIile, and 350 i>ound» of sodium, about I15 to- 
120 pound.s of aluminium are obtained. 

The purity of the metal entirely depends upon the purity ofthe 
chloride used, and without exercising more than ordinary care 
the metal tests usually indicate a purity of metal above 99 per 
cent. On the table is the metal run uom a single charge, its 
weight is 1 16 pounds, and its composition, as shown by analysis, 
is 99*2 aluminium, 0*3 silicon* and 0-5 iron. This I believe to 
be the largest and the purest mass of metal ever made in one' 
operation. 

The result of eight or nine charges are laid on one side, and 
then melted down in the furnace to make a uniform quality* the 
liquid metal, after a good stirring, being drawn off into moulds. 
These large ingots, weighing about 60 pounds each, are sent 
the casting shop, there to be melted and cost into the ordinary 
pigs, or other shapes, as may be required for the making of 
tubes, sheets, or wire, or else used directly for making alloys of 
cither copper or iron. 

The following table shows approximately the quantity of each, 
material used in the production of one ton of aluminiums— 

Metallic sodium 6,3^0 poondi^ 

Double chloride 22,400 ,, 

Cryolite 8,000 ,, 

Coal 8 tons. 


To produce 6,300 pounds of sodium is required 

Caustic soda ... ... 44,006 potmds 

Carbide, made from pUch, 12,000 
pounds, and Irim turnings, 1*090 

pounds 7,000 

Crucible castings 2^ tons 

Coal ... ^5 
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For the production of 32,400 pounds double chloride is 
required 

Common salt S,ooo pounds 

Alqmina hydrate ... rf,ooQ ,, 

Chlorine gas i5»ooo ,, 

Coal 180 tons. 

For the production of 15,000 pounds of chlorine gas is re- 
quired ; — 

Hydrochloric acid j 80.000 pounds 

Limestone dust 45iOoo ,, 

Lime ... ... ... 30,000 ,, 

Loss of manganese 1,000 1, 

[I'hese figures were rendered more evident by the aid of 
small blocks, each ctU a given size, so o-s to represent the rela- 
tive weights of the di/Terent inalerinls tisefl to produce one unit 
of aluminium.] 

It might seem, on looking over the above numbers, as if an 
extraorainary amount of waste occurred, and as if the produc- 
tion is far below tliat which ought to be obtained, but a study of 
the figures will show that this is not the case. T would wish to 
call attention to one item in particular, viz. fuel, it having been 
remarked that the consumption of coal must prevent cheap pro- 
duction. I think, when it is remembered that coal, such as is 
used at the works, costs only 4.f. per ton, while the product is 
worth ;^2240 per ton, the cost of coal is not an item of conse- 
quence in the cost of pro<luction. The total cost of the coal to 

f )roftuce one ton of metal being actual cost for fuel is 

css than 6</. for every pound of aluminium produced. The 
ratio of cost of fuel to value of product is inrieed less than is 
the case in making either iron or steel. In concluding my re- 
marks as to the method of manufacture and the process in 
general, I do not think it is too much to expect, in view of the 
rapid strides already made, that, in the future, f^urther inqirove- 
ments and modifications will enable alu minium to be produced 
and sold even at a lower price than appears at present possible. 

Properties oj Ahdfniniuffi* 

In its physical properties, aluminium widely differs from all 
the other metals. Its colour is a beautiful white, u ith a slight 
blue tint. The in'cnsity of this colour becomes more apparent 
when the metal has been worked, or when it contains silicon or 
iron. The surface may be made to take a very high polish, 
when the blue lint of the metal beomes manifest, or it may be 
treated witli caustic soda and then nitric acid, which will leave 
the metal quite white. The extensibility or malleability of 
aluminium is very high, ranking with gold and silver if the 
metal be of good quality. It may be beaten out into thin leaf 
quite as easily ns either gold or silver, although it requires -more 
careful annealing. 

It is extremely ductile, and may be easily drawn, especial care 
only being required in the annealing. 

The excCBslve sonorousness of aluminium is be^'t shown by 
example [larce suspended bar being struck]. Faraday has 
remarked, aucr experiments conducted in his laboratory, that 
the sound produced by an ingot of aluminium is not simple, 
and one may distinguish the two sounds by turning the vibrating 
ingot. 

After being cast, it has about the hardness of pure silver, but 
nt^ be sensibly hardened by hammering. 

Its tensile strength varies between 12 and 14 tons to the inch 
£te« aample which was shown having been broken at 13 tons or 
27,Ooq pounds], ordinary cast iron being about $ tons. Com- 
puing the streMth of aluminium in relation to its weight, it is 
equal to steel of ^ ions tensile strength. The specific gravity 
or cast aluminium is 2 -58, but, after rolling or hammering, this 
figure is increased to abont 3*68. 

The specific gravity of aluminium being i, copper is 3*6, 
akM 3*5, silver 4, lead 4'8, g<^d 77. 

The fusibilfty of aluminium has been variously stated as being 
between that of xlne and silver, or between fioo* and icoo** C. 

As no reliable information has ever been made public on this 
subject, my friend Piofi Camelley undertook to determine it. 

1 was aware, ftbrn Information gained at the works at Oldbury, 
Uiat a stnall ^aOrease in the percentage of contained iron 
raised its point of fusion, and it has been undoubtedly 
4 m this enuie that such wide limits are given for the melting- 
ptiiktb Under these droumstances two samples were forward^ 
Wtesdog^ of Whkh No. Ik containing i per cent, of iron, had a 


melting-point of 700° C. No. 2, containing 5 per cent, of iron, 
does not melt at 700'", and only softens somewhat above that 
temperature, but undergoes incipient fusion at 730^ 

According to Faraday, aluminium ranks very h^h among 
metallic conductors of heat and electricity, and he found that it 
conducted heat better than cither silver or copper. The specific 
heat is also very high, which accounts for length of time required 
for an ingot of the metal to cither melt or get cold after Wing 
cast. 

Chemically, its properties are well worthy of study. 

Air, cither wet or dry, has absolutely no effect on aluminiunrv 
at the ordinary temperature, but this property is only possessed 
by a very pure (juality of metal, and the pure metal in mass 
undergoes only slight oxidation even at the melting- point of 
platinum. 

Thin leaf, however, when heated in a current of oxygen, 
burns with a brilliant, bluish- white l^ht. [Experiment shown.) 
If the metal be pure, water has no effect on it whatever, even at 
a red-heat. Sti][>luir and its compounds also are without actiorr 
on it, while, under the same circumstances, nearly all metals 
would lie discoloured with great rapidity. [Experiment showti 
using silver and aluminium under the same conditions.] 

Dilute sulphuric acid and nitric acid, both diluted and concen- 
trated, have no effect on it, alihough it may be dissolved in either 
hydrochloric acid or caustic alkali. Heating in an atmosphere 
of chlorine it burns with a vivid light, producing aluminium 
chloride. [Experiment shown.] In connection with the subject 
it may be of interest to state the true melting-point of the double 
chloride of .aluminium ani sodium, which has always been given 
at 770" to 1 80"^ C., but which Air. Baker, the chemist to the 
works, finds lies between 125'* and 130" C. 

C/ses of Ahiminium. 

Us uses, unalloyed, have heretofore lieen greatly restricted. 
7 'his is, 1 believe, alone owing to ils former high price, for no 
metal possessing the properties of aluminium could help coming 
into larger use if its cost were moderate. Much has been said 
as to the impossibility of soldering it being against its popular 
use, but I believe that this difficulty will now soon be overcome, 
'Hie following are a few of the purposes to which it is at present 
pul : telescope tubes, marine glasses, eye-glasses and sextants, 
especially on account of its lightness ; fine wire for the making 
of lacc, embroidery, &c j leaf in the place of silver leaf, sabre 
sheaths, sword handles, &c., statuettes and works of art, 
jewellery and delicate physical apparatus, culinary utensils, 
harness fillings, metallic parts of soldiers’ uniforms, dental; 
purixises, surgical instruments, rcllectors (it not being tarnished 
by the products of combustion), jjhotographic apparatus, aero- 
nautical and engineering purposes, and especially for the making 
of alloys. 

Alloys of Alumi ninm. 

The most important alloys of aluminium arc those made with 
copper. These alloys were first prepared by Dr, Percy, in 
England, and now give promise of being largely used. The 
alloy produced by the addition of lo per cent, of aluminium to 
copper, the maximum amount that can he used to prorluce a 
satUfactory alloy, is known os alqminium Iironze. Bronzes, 
however, are made which contain smaller amounts of aluminiuoi, 
assessing in a degree the valuable properties of the 10 per cent, 
ronze. According to the percentage of aluminium up to 10 
per cent., the colour varies from red gold to pale yellow. I'he 
10 per cent, alloy takes a fine polish, and has the colour of 
jeweller’s gold. The 5 per cent, alloy is not quite so hard, the 
Colour being very similar to that of pure gold. I am indebted 
to Prof. R^erts Austen for a mould in which the gold at the 
mint is usually cast, ancl in this I have had prepared ingots of 
the 10 and 5 per cent, alloy, so that a comparison may be made 
of the colour of these with a gold ingot cast in the same mould, 
for the loan of which I have to thank Messrs. Johnson, Matthey^ 
and Co. , all of which are before you. 

I have also ingots of the same size, of pure aluminium, from 
which an idea of the relative weights of gold and aluminium 
be obtained. 

To arrive at perfection in the making of these alloys, not only 
is it required that the aluminmm used should be of good quality, 
but also that the copper must be of the very best obtainable. 
For this purpose onlv the best brands of I^ake Sufierior copp^ 
should used. Inferior brands of copper or any impurities in 
the alloy give poor results. The alloys all possess a good colour^ 
polish wdl^ keep their colour far better than all other copper 
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alloys, arfi extremely malleable and ductile, can lie worked cither 
hot or cold, easily engraved, the higher grades have au elasticity 
exceeding steel, are easily cast into complicated objects, do not 
lose in remelting, aod are possessed of great strength, dependent, 
of course, on the purity and percentage of contained aluminium. 
The 10 per cent, alloy, when cast, has a tensile strength of 
between 70,000 and 80,000 pounds per square inch, but when 
hammered or worked, the test exceeds 100,000 pounds. [A 
sample shown broke at 105, coo pounds.] ! 

An attempt to enumerate either the present uses or the possible i 
future commercial value of these alloys is beyond my present 
purpose. 1 may, however, remark that they are not only adapted 
to lake the jdace of bronre, brass, and steel, but they so far 
surpass all of those metals, both physically and chemically, as 
to make their extended use assured. [Sheets, rods, tubes, wire, 
and Ingots shown.] 

But even a more important use of aluminium seems to be its 
employment in the iron industry, of which it promises shortly to 
become an important factor, owi^g to certain effects whicn it 
produces when present, even in the most minute proportions. I 
Experiments are now being carried on at numerous iron and I 
steel works, in England, on the Continent, and in America, j 
t he results so far attained are greatly at variance, for whilst in 1 
the majority of cases the improvements made have encouraged I 
the continuance of the trials, in others the result has not been 
satisfactory. On this point I would wish to say to those who 
may contemplate making use of aluminium in this direction, 
ihat it would be advisable before trying their experiments to j 
.'isceriain whether the aluminium alloy they may purchase actually . 
contains any aluminium at all, for some of the so-called aluminium 
alloys contain little or no nlu minium, and this may doubtless 
account for the negative rcsulu obtain^. Again, others contain 
such varying proportions ofckrbon, silicon, and other impurities, | 

to render their use highly objectionable. 

It seems to be a prevailing idea with some people, that, be- 
-catiae aturoinium is ho light compared with iron, they cannot 
be directly alloyed, and, nirtlwrrnore, that, for the same reason, 
alloys made by the direct inciting together of the two metals would 
not be equal to an alloy where both metaU are reduced together. 
Now, of course, this is not the case, and the statement has been 
put forward by those who were only able to make the alloys in 
^ne way. 

Aluminium added to molten iron and steel lowers their melting- 
point-s, consequently increases the fluidity of the metal, and 
causes it to run easily into moulds and set there, without en- 
trapping air and other gases, which serve to form blow-holes 
and simitar imperfections. It is already used by a large num- 
ber of steel founders, and. seems to render the production of 
sound steel castings more certain and easy^dhan is .otherwise 
(possible. ■ , 

One of ihe roost remarkable applications of the property 
which aluminium possesses of lowering the melting-point of iron 
has been made use of by Mr. Nordenfeldt in the production of 
castings of wrought iron. 

Aluminium forms alloys with most other metals, and although 
each possesses peculiar properties which in the future may be 
utilised, at present they arc but little used. 

In conclusion, I to call your attention to the wood models 
on the table, one being representative of aluminium, the other 
altitninium bronze. The originals of these models are now in the 
Paris Exhibition, each weighing 1000 pounds. With re^rd to 
aluminium bronze, I cannot speak positively, but the block of 
pure aluminium is undoubtedly the largest casting ever made in 
this most wonderful metal. I have to thank the Directors of 
the Aluminium Company, and especially Mr. Castnef, for fur- 
nUhing me with the interestinif series of specimens of raw and 
4iunulacture(l metal for illustrating my discourse. 


ever, can as yet be only slightly recognized. Remains of typical 
members of the two existing families seem to occur as low in the 
Tertiary series as the Eocene form .11 ion. Pectoral spines and 
dermal 6cute«, indistinguishable from those of the living Acipen* 
jrr, are met with in the Upper Pk^cene of tb^ Hampshire Basin, 
and the London Clay {Lower Eoctne) of the Isle of Sheppey ; 
and Prof. E. D. Cope has described a fish from 

the Eocene Green River Shales of Wyoming, U.S.A., diflfeT* 
ing only from the typical Polyodontidae in the possession of 
rudimentary scales upon the sides of the trunk. 

The only Cretaceous fossils yet known, which are at all com- 
parable with characteristic parts of the Acipenscroid skeleton, 
are two specimens from the English Chalk. The remains of a 
tail from Gravesend, in the British Museum, are most satisfac- 
torily inierprelw I as belonging to a flsh of this type; and the 
extremity of a snout from Sussex, in the Willett CoUeciion, 
Brighton, seems to be more nearly paralleled by the spout of 
than by that of any other known fish. Other frag- 
mentary evidence of Acipenseroids in Upper Jurassic rocks 
will probably soon be recognized, thanks csjMscially to the in- 
vestigations of Mr. Alfred N. I.eeds in the Oxford Clay of 
Peterborough ; but the most complete and unmistakable foMits 
occur in the English Lower Jurassic^both in the Upper Lias 
of Whitby and the 1 ower Lias of Lyme Regis. 

The gigantic Acipenseroul of Whitby was first noticed by 
Agassiz, under the name of G}*to$ietts mirabi’is^ liut it has not 
hitherto been scientificaliy investigated and dcscril^ed. The 
head seems to have been envelopes I in few membrane bones, 
none externally ornamented or covered with ganoine ; the 
chondrocranium is scarcely ossified ; and the jaws are toothless. 
The opercular apparatus is incomplete, without branchiostegal 
rays ; and the membrane bones of the pectoral arch are unorna- 
mented. There is evidence of a persistent noiochoid, and a 


few ossified ril)B occur anteriorly. 'I’hc upper lobe of the tail 
exhibits the characteristic series of large fulcra, and the trunk 
seems lo have been naked. 


and the trunk 


Cyro^tem thus conforms to the normal Acipenscroid typt/ as 
represented at the present day ; but the genus of the Lower 
Lias, ChondrosUu^^^ displays many striking differences. As 
pointed out especially by Dr. R. H. Traquair, these differences 
tend- to place the fish half-way between the modem Sturgeons 
and the typically Palceozoic group of Palceoniscida:. The roof 
of the skull exhibits definite frontal, parietal, squamosal, and 
supra- temporal membrane bones ; in addition to the operculum 
and sub-operculum there ■ are distinct branchiostcgal raya \ and 
in minor features there are several interesting resemblances to 
points of Palreonisdd osteology. Dr. Traquair, indeed, places 
the Rala?dmscid£e in the “ Aciponseroidei ; and it may be that, 
as no typical Acipenseroids of corresponding antiquity are 
known, the Sturgeons and Polyodqns are the somewhat de- 
^nerate descendants of Palewizoic fi-hes upon this biological 
IcvcL At the same time, it must be rememl>ered tlmt the 
Palfleoniscidiu pass by several known gradations into the charac- 
teristic bony Ganoids of Mesozoic age ; and if the ascertained 
facts of palaeichthyology are already a sufficient basis for phylo- 
genetic speculation, it thus nppeafa that two diverginif series 
arise from this primitive atocK. In his latest dtiesiftcation 
(Ammcan Naturalist ^ 1887, p. IbiS), Prof. Cope admits the 
origin of the later Ganoids from fishes of a Palreoniscid type ; 
but, on the assumption the basal cartUaces (baseOsts) Of the 
pelvic fin in Palsconiscidas were raimite or absent, the Stuv]geoua 
are placed lower in the series then the latter. Under any cir- 
cumstances, the relative development of a single stractitral 
feature i« a slight point for the distinction of two super- 
orders and if '*Podoptt^ela" and Aclinoplerygia*' are 
to hold separate rank, the iWaJoni cidte (so far a$ all positive 
evidence concerned) may be as jn^ly placed in the former AS 
in the latter. 


T//£ FAL.£ONTOLOGy OF STUnGEONS> 

palieontological history of the Acipenseroid fishes is at 
^ present very imperfectly known. In the existing fauna, 
-only two families are recognizable— -that of the Adpenseridse, 
with Series of bony dermal scutes upon the trunk, and that of 
Polyodontidm, destitute of any such armour ; both these occupy 
so Jotw a position in the scale of oi^mzatkm, that coosidetaMe 
-evidence of aumerotts extinct aiUes might natnraBy be mspected 
40 occur among the fossils of the older rocks. Such evideitce, how- 

* Abstract of a Paper, by A. Smith Woodward, read before the GeolOgiits* 
. Anfociatiou on January 4. 


NITRATE OF SODA, AND THE NITRATE 
couNfRrr 
t 

rriLL lately, nheate of soda bAe only been kaowo ta 
^ who dealt ia manu^ or who were engined in ehensM 
mattufitetdrea ; bat svUhln the last two years tfe irkish puMic 
have invested vais sums of tam^ in the shares of Nitwit Chntr 
paidea, while the presence in society of Uv« mU{ku|udiMn 
have made their motiey in Torapieii^ end the sfeeoag MtadnaWt 
of a Nitrate Kinjg,^' have made A ht^bo^ 
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t>iepoflH» tfrf nitrate of aoda are known <Uong the weat coaat of j Tatiiarug»l Panipa— »uch as Paccha, Jaz PainpaJ[Puntnikdiarn, 
South AinJerici for a diatanee of 5^ miles at icast, from a ilitle ; ^c.»^belong to that idiom. In the Antofagasta ap<f Taltal 
#tntth of Taltal up to the River Camerones ; and it is I'eporied districts, on the contrary, though further to the south, the place- 
that beds have been discovered Uo miles further north, in the names, suoh as CacliinaJ, &c., are Quichda. ind any Indians of 


provihee of Areqntpa (»ee P'ig. f), 

The physical structare ch the coast U 
identlbaf throughout all that ZK>t lei^th. 

^Iver)^eti^ an arid range of hins 4000-6000 
/ent hM risos abruptly out of the sea ; while, 
beiuiar them, a flat, waterless desert Pampa 
dopes gradually up for ^o-roo miles to the 
loot or the vnowy Cordillera* Nitrates are 
only found on this desert Pampa, Imt under 
somewhat variable conditions. On the Tama- 
rugal Pampa — where all the great English 
oompanies have their factories — the nitrate 
is exclusively on the western or sea^ 

ward edge of the Pampa, on the 6r*t slq^es 
of the coast-range; in the Noria district, on 
the lowest portion of a district surrofuoded 
by hills ; and above Antofagasta on the ^es 
of a diy river-bed. 

The aspect of the Pam^w is always essen- 
tially of the desert type. Above Iquiqnc, 
the plain is sparsely covered with Taa>ariagal 
bushee ; and the bold f«r3(ureB of the Cor- 
dillera al>o^^ Tamjiaca form a sufficiently 
pleasing landscape. Inside from Antofa- 
gasta, on the dfscrt of Atacama, there is no 
view of the mountains, and nothing^grects 
the eye but n sloping plain of brown earthy 
sand, whose distant outlines can scarcely be 
distinguished through the quivering air. No 
cloud on the sky tcmpcis the rays of a 
nearly vertical sun, blue mirage lakes tan- 
talize the thirsty traveller, the hand can 
scarcely touch the scorching sand at 130’, 
the parched air may indicate 90^ and a 
light south‘west wind raises whirlwinds of 
dust in every direction. Not a bird, nor a 
beast, nor a plant of the lowest type can live 
on these barren wastes ; and yet the hidden 
wealth below has led to the erection of 
villages w'hich contain more than 50 j people, 
whose every necessary of life has to be 
brought from a great distance. 

Tlie absence of water has always been a 
peat difficulty in the way of carrying on any 
industry in these deserts. Eifieen years ago, 
water sold on the Atacama de>.eit for #20 
the -?ay joj. a gallon— and a drink 

for a mule cost 15^. At Carmen Alto, in the 
same district, a sun condenser, with 50,000 
square feet of glass, was employed to distil 
fresh from salt water ; and though this was 
afterwards wrecked by a whirlwind, a smaller 
apparatus, on the same principle, is now 
working at a profit at Sierra Gorda, though 
the water is sold at only 30 cents, the airs^ba^ 
or about a gallon. 

Freshwater is now supplied to most of the 
towns on the coast, and to the factories 
inland, by means of condensed steam- Some 
of the coodensers can produce no less than 
95 tons <rf good water for every ton of coal 
bSmt In the boilers ; and some are even re- 
ported to have attained an efficiency of 30 
ions of water for the same amount of Aieb 

More recenlly, schemes have been started 
ftw the water supply of the (owns on the 
coast by pi^es from springs at the foot of 
the mouptains beyond the Pampa; and 
Moltet^dOp IqfOiqtie, Antofagasta, and Tahal 
arie either actually supplied with drinking- 
water by tHia means^ or urorks are m pro- 
nrrMa ibr the eatne ourno e« 

Yerf few Indians tan have lived on the Paippa before the 
MfHvsu of Enibptans. A few CImhgos still stimve alone the 
of ihe toast radge, who live by fishing, and who 
llfl reeently had no knowledge of metak The Aymara language 
fa itEl apoken in l ampaca, and all the place-names on the 


the Cordillera speak in that tongue. A good many of the fems^ 



Fig. 1.— Map of the ni;r ite districtu of Sniith Amertcu. TLe slu^ed par,* are nitrata sroanOii ; but 
thoss north of iho Rivtr CanicTonfs are uncertain. 

or labourers, who work in the ma^uinas^ Bolivians fronv 
Cochabamba, who talk Quichua, and some of the words used in 
the factories, such as cancka^ &c., arc derived from that language. 
These men chew and though not so strong, nre^more 

laborious than the Chillenos from the south. 
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Fnwlog from these generalities, we no# exumine f a more 

4 etiiU the structure and climate of the Tamamgal Pamjj^ 
between Iqqtque and Pisagua« in which most EngUah people are 
interested. Fig. 2 is a diagrammatic secdon from the sea across 
the CmrdlUera* through the nitrate l^eds of Tarapaca, To the left 
we see the barren coast range rising from the sea and falling 
again to the level of the Tamamgal Pam^a. The nitrate b^s 
are marked in their proper place at the nrst spring of the hill ; 
th^ comes the level Pampa, sloping gently not only frointhe 
Cordillera, but also slightly in a south-west dimciion. This 
•slope is of course enormously exaggerated in the diagram. 

Next the counterforts of tlie Sierra of Huatacondo rise,al)ruptly 
above the plain. Here and there the barren slopes of these 
mountains ore intersected by narrow valleys or quef>radas, 
‘taoh of which carries down a small stream of water that is 
eventually lost in the sand of the I’ampa. Artificial irrigation 
at the side of each affords sustenance for a very scanty population, 
and only one village is of sufficient importance to form apy tiling 
approaching to a small town. 7 'his is the town of Tarapaca, in a 
vafiey of the same name, which gives its name to the province 
in which Iquique and the nitrate mds are situated. 

A high cold upland, or Puna, some ao miles across, separates 
the crests of the outer Sierra of Huatacondo from the rather 
higher range of the Cordillera Silillica, and then the mountains 
slope steeply down to the plateau of Bolivia, some 12,000 feet 
above the sea. None of the crests of the outer Sierra retain any 
enow on their summits during the summer months, but a few of 
the crests of the inner Cordillera are white throughout the year. 


Allusion has been already made to the Tamarugal bushes 
which arc found in planes on the Pampa. These owe tlidf 
existoice to the floods, of ^^peni^^as as they are called locally, 
which every few years rush down from the Sierra, and run over 
the plain almost to the edge of the nitrate grounds. The soil of 
the Pampa is just what might have been expected under sudi 
circumstances, for the surface is not sharp sand, but really dry 
earth with a certain proportion of sandy prides, and only 
irrigation is required to turn the desert Pampa into a fertile plam* 
Below ground, numerous sections which have been made in sinking 
wells, Slow aUernating layers of gravel, sand, mud, and as each 
series of layers represents the sequence of a single flood, it 
follows that the Pampa has been subject to periodica! inundations 
for a very long period. 

The labours oi Signor Don Guillermo Billingbnrst have made 
us acquainted both with the regime of underground waters 
on thjg Pampa, and with their chemical constitution. From his 
researches it appears that water is found almost anywhere under 
the Pampa, at depths varying from about 50 150 feet, but that 

nowhere are the conditions necessary for artesian wells fulfilled. 
The well water from the centre of the Pampa contains too gwat 
a proportion of salts to be considered drinkable ; and that from 
the western margin of the plain, but not in the nitrate beds, 
belongs to the calcarco-magnesian class, which is totally unfit for 
domestic or culinary purposes. The following examples will 
make this very clear, and also the remarkable fact that the 
underground waters of the PafApa do not contain the slightest trace 
either of nitrate of soda^ or of iodine^ though they contain a 


(f ip ^ 


7,0 ep V Mdns. 





greater proportion of mineral salts the further westward they t 
run. 

The two subjoined analyses are those {i) of well water from 
Cerro Gordo, situated 7 miles from the nitrate beds, on the open ‘ 
plain of the Tamamgal Pampa ; and (2) of the Pozo de Almonte, 
quite close to the nitrate beds, and from which a large proportion i 
■of the water used by the Nitrate Railway Company is derived — \ 


Carbonate of lime 

Cerro Gordo. 
Orammed per litre. 

.. 0*01500 

Pojco d« Almonte. | 
Oroaimc* per litre, j 
0*2499 

,, magnesia 

.. 000300 

0-0323 

Sulphate of lime 

.. 0 12920 

o‘ 9!43 1 

„ magnesia ... 

otifli66 

... — 1 

„ potash 

O'OOflfiO 


[, soda 

Chloride of sodium 

.. 018062 

0-0735 

0*6226 [ 

1-5799 

„ magnesium 

— 

0-1737 

Oxide of iron ahd alumina 

.. O'OIOOO 


Silica, and insolubles ... 

.. 0*00500 

... 0-0300 1 


ro 5569 

3 ’H 36 ' 1 


In connection with underground waters we msy as welf 
dispel for ever the fiction so commonly believed that some 6f the 
overflow from Lake Titicaca filten under the CordiUera and 
reappears on the Tamarugal Pampa. This idea was started in 
a pre-scientific age, more than 300 years ago, in iSS^t !^y 
celebrated historian Cieza de Leon (‘‘La Cronica del Peru/’ 
P- 445 ) ; hut unfortunately for such a supposition the facts of the 
case are as follows. The only outlet of Lake Titicaca is the 
River Disaguadero (Span, drain), and the n ater at starting con- 
tains about I gramme of salts in every lit«. By the time the 
river has reached the shallow lake of Poop o or Aollagas (see map. 
Fig. I), ihewaierissosaltastqheundrinkable, and then the river 
runs out fora short distance till it is finally lost in the salt mud 
marsh, or Ctenaga de Coiposa. No doubt thU marsh is due east 
of the Pampa near Pisagua, and is marked “ Sink of Titicaca*’ 
in Fig. I I out still it is impossible to bclicYo that salt water can 
come out fresh on the other side pf the Cordillera, The water oC 
the Tamarugal Pampa must be derived from the rainfall on the 
slopes of the Sierra, imm^lately above the plain. 

RAkFH ABSROtnMIfV. / 

. 

(7b he toniime^4 
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UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Okfoud* — T he Savillan Profeuor of Geometry, J. J. Sylves- 
ter will deliver, early next term, a public lecture on the 
minciency of Barbier^s principle to furnish a universal and 
geometrical solution of a celebrated problem of chances origin- 
ated by Buflfbo, but whose solution of it, and also that of La- 
place, was limited to the two simplest cases, and involved the use ' 
of the integral ciUculus. The lecture will be divested as far as 
possible of technical terms, so as to be made intelligible to a 
general audience. Time and place will be stated in a subsequent 
notice. 

CAftrBKli>GE.— 2 n the Natural Sciences Tripos, Part I., 
lately issued, the following men are placed in Class I. : — 
Beddard, Trinity ; Blackman, St. John’s ; Bottomley, Catus ; 
Cole, Christ*s ; de Havilland, Peterliouse ; L. O. Glover, St. 
John’s ; Hewitt, St. John’s ; Lehfeldt, St. John’s ; Luce, 
Christ's ; Peters, Caius ; Reynolds, Trinity ; RoUeston, King’s ; 
vSpivey, Trinity ; Thomas, Sidney ; Wood, Caius ; Woods, St. 
John’s. The following women also obtained a first class : — 
A. I. M. Elliot, Newnnam ; L. Martin* Leake, Girton ; M. O. 
Mitchell, Newnham. 

In the Natural Sciences Tripos, Part IL (advanced), eleven 
candidates are placed in Class I. Of these no fewer than 
six are scholars of St. John’s College, including Mr. Horton* 
Smith, who receives the coveted mark of distinction in Physio- 
logy, No mark of distinction has been granted since 1883. 
The following are the names, in alphabetical order Baily, 
St. lohn's (Physics) ; d’ Albuquerque, St. John’s (Chemistry) ; 
Ds Daniel, Trinity (Human Anatomy with Physiology) ; S. F. 
Dufton* Trinity (Chemistry) ; Elliott, Christ’s (Chemistry) ; 
Groom, St. John’s (Geology) ; Hankin, St. John’s (Physiology) ; 
Hotton-Smith, St. John’s (Physiolo^ and Human Anatomy 
with Physiology) ; Locke, St. John's (Physiology) ; Ds Tennant, 
Caius (Chemistry) ; Whetham, Trinity (Physics). No women 
obtained a first class in this part. 

Dr, W. H. Gaskell, F.R.S., has been elected P'cllow and 
Pwelector in Natural Science of Trinity Hall. This long-deferred 
rccojjnition of Dr. Cmsk ell’s eminent services to the teaching of 
physiology at Cambridge, and also of his many valuable original 
researches, will be welcomed by all scientific men. 

The General Board of Studies recommends that the stipend 
of Dr. Gaskell, as University Lecturer in Physiology, be raised 
from jfSoto jClSo per annum, and that of Mr. Waller Gardiner, 
University Lecturer in Botany, from ^50 to /lOO. Both these 
gentlemen hold College Fellowships in addition. 

Mr. E. G. Gallop, Tate Fellow of Trinity College, and Senior 
Wrangler, has been elected to a Fellowship at Gonville and 
Caius College. 

At the annual election at St. John’s College on June 17 the fol- 
lowing awards were made in Mathematics and Natural Science : — 

Hutchimon Studtntship (for research in Physiology) : Horton* 
Smith. 

Foundathfi Scholar sh'p (continued or increased) : Mathe- 
matics — Flux* R. A. Sampson, Rudd, Lawrenson, Cooke, 
Monro, Burstoll, G. T. Bennett, Dobbs, Reeves, Gedye, 
Natural Science— Groom, d* Albuquerque, Locke, Hankin, 
Baily, Horton- Smith, Hewitt. 

l^mndathn Scholarships : Mathematics — ^W. Brown, 

Alexander, Finn. Natural Science—Lehfeldt, 'Woods. 

ExhibUioHs : Mathematics— Bennett, Finn, Reeves, Ayers, 
Blomfield, Maw, O. W. Owen, Schmitz, Speight, Wills. 
Natural Science — Baily, Lehfeldt, Locke, Blackman, Cuff, L. 
G. Glover, MacBride. 

Sizarships : Mathematics — Ayers, Maw, Pickford, C, 
Robertson. 

Wrists Prizes: Mathematics— Bennett. Natural Science — 
Hotton-Smith, Hewiu, MacBride. 

Mockm Prize (for Physics) : Baily. 

Herschel Prize (for Astronomy) r Monro, pn\xime accessil 
Brtttbn. 

/fnjiAee />«/ (for best student of third year) ; Natural Science 
^^orton- Smith. 


StI£l>/T/FlC ^EEIALS. 

AmtrUan /oHmai &/ Seieftee^ June.— Topographical develop- 
tMi of .tN Triassic formation of the CoonecUcut Valley, by 
WWam Morris DavU, In this paper are embodied the results 


of two visits |i^d to the region about Meriden with the Harvard 
Summer School of Geology in 1887 and 1888. After describing 
the topograpttical development of the Triassic belt, the author 
shows that tne whole region was base-leveled in late Cretaoebus 
times, and the present valleys worn in the Cretaceous base-Jbvel 
plain after its elevation. The Connecticut River was originally 
consequent on the monoclinal faulting, and still persists near the 
course then taken, but has entered a second cycle of life as a result 
of the elevation of the lowland that was produced in its first cycle- 
; -—Analyses of three descloiziles from new localities, by W, F. 

I Hitlebrand, The specimens, of which full analyses are here 
I given, came from the mines of Beaverhead County, Montana ; 
Grant County, New Mexico ; and Cochise County, Arizona. It 
is suggested that, in view of the well-defined character of all 
I these highly cupriferous varieties, they might be appropriately 
I designated by some common distinctive name, such as 
i Rammelsberg’s ciipro-descloizite, as indicating the relationship 
to descloizite. — A new meteorite from Mexico, by J. Edward 
I Whitfield. This specimen of meteoric iron, weighing 33 kilos, 

• came originally from the Sierra de San Francisco in the State 
of Durango, date of discovery and name of finder being un- 

I known. Analysis shows iron 91*48, nickel 7*92, cobalt 0*22, 

I with traces of sulphur and carbon. Slices when etched show 
' rather coarse Widmansliittian figures with dark diagonal bands 
I of triolite.— Contributions to the petrography of the Sandwich 
I Islands, by Edward S. Dana. The eruptive rocks here de- 
[ scribed were partly obtained in 1887 by Prof. J. D* Dana, and 
j partly in 1888 by the Rev. E. P. Baker, of Hilo. They include 

* about thirty specimens from Kilauea, a dozen from the island of 
' Maui, and a like number from the island of Oahu. The chief 

fjoints brought out by their study are the characters of the clink- 
stone-like basalt with its novel forms of feather-augite, and also 
of the heavy chrysolitic basalt, both from the summit crater, 
j The lavas from Maui and Oahu belong mostly to the basaltic 
type, though often resembling andesite in appearance. — ^The 
' determination of water and carbonic acid in natural and artificial 
; salts, by Thomas M. Chatard, An apparatus is described, which 
has been successfully used for the analysis of a large number of 
natural and artificial alkaline carbonate.s, giving results satisfac- 
tory both for accuracy and the case and rapidity with which they 
: were obtained. The method is in every way superior to the 
distillation process, and promises to be of value for technical 
purposes. — Preliminary note on the absorption spectra of mixed 
liquids, by Arthur E. Host wick. The experiments here described 
were undertaken to determine the true character of the absorp- 
tion si>eclra of mixed liquids, which, according to Prof. Melde, 
are not formed by simple addition of the component spectra, 
but by the shifting of the bands, a large band of one liquid 
seeming to attract a small band of the other, and more stron^y 
as the proportion of the former in the mixture is increased. On 
the other hand, Dr. Shuster held that where a small band falls 
on the slope of a large one the effect of optical addition is to 
shift the apparent maximum of absorption. But Mr. Bostwick’s 
experiments apppear to prove that, while a small port may be 
due to the cause alleged by Dr. Shuster, the bands are shifted 
principally by a true action of one liquid on the other. — Notes 
on metallic spectra, by C. C. Hutchins. An attempt is here 
made to determine the wave-length of several metallic lines with 
something of the precision with which wave-lengths of solar 
lines are Icnown and tabulated. — On allotropic forms of silver, 

I by M. Carey Lea. By means of a new reaction (the reduction 
I 01 silver citrate by ferrous citrate) the author has obtained three 
remarkable forms of allotropic silver, the properties and physical 
condition of which are here described in del ail. 

1 In the American Meteorological fournal for April, Prof. 
Abbe contributes an article on the red sunsets of 1884-85, which 
is of interest from the fact of its having been written before the 
publication of the KrakataCb Report of the Royal Society Com- 
mittee relating to the glows of the previous year. The author 
considers that in the production of the glows, vapour haze is 
more important than dust haze, and that the KrakatiCb eruption 
sufficed to throw enough moisture into the atmosphere to explain 
the diffraction phenomena of 1883-84, without the hypothesis of 
the accumulation of the vapour of meteoric dust. — Lieut. Finley 
iveS a chart and list of the tornadoes in the State of Missouri 
uring the 75 years ending 1888. The total number of storms 
vras 169, the month of greatest frequency was May, and none 
occurred in January.*- Prof. Marvin contributes an Interesting 
article on the measurement of wind velocity, and the results of 
recent anetnometrical experiments by tlie Signal Service. He 
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^ ^ I out that if the e>)aatioa of ah aueriDmeUr, Whweooai^tits 
determ inei 1)/ a whtriing machine, be utiei ta reduce 
' ' atiohi made iti the o^3n atr, the com^ted wind velocities 
. _b too high, by an amount which will depend tij^n the 
of inertia of the cupf and revolving parts. Some of 
the atperimentft deilrlbed were of a delicate nature, the caps 
being made of paper fastened to pieces of fine knitting-needles, 
wh'um served as arma^The concluding article is by Prbf. R. 
Owen, on magnetic phenomena in the southern hemisphere, the 
object being to give some particulars regarding the experiments 
made in that hemisphere, as compared with results obtained in 
the northern half of the globe. 


SOtlETIES AND ACADEMIES. 

London. 

Roynl Society, June 6.—“ Report on the Inflects of 
Contact Metam orphistn exhibited by the Silurian Rocks near 
the Town of New Galloway, in the Southern Uplands of Scot- 
land.'* Uy S. AUport and Prof. Bonney, F. R.S. 

In the neighbourhood of New Galloway a mass of granite cuts 
across and sends veins into a series of Silurian rocks, which 
are considerably altered near the junction. Tltese, originally, 
were a variable series of more or less sandy rocks, such as older 
authors would call greywacke. The minerals resulting from the 

contact- metamorphism were enumerated : these were quartz 
brown mica (which, as was pointed out, must be riiuch richer in 
iron than in magnesia), white mica, and iron oxides, with some 
hornblende, augite, garnet, and pertiaps epidote. Chiustonte is 
absent ; andalusite very inconspicuous ; tourmaline very rare 
The point to which special attention was directed was that in 
several of the slides, the larger fragments which had been pre- 
sent in the original greywacke could still be recognized, such as 
-clastic quartz, feldspar (often more or less converted into white 
mica and quartz), bits of argilUte or earthy sandstone (repre- 
sented bv mixtures of brown mica and quartz in varying propor- 
tions). The bearing of the results of the iovestication on general 
questions of metamorpUUm was indicated: (i) that heat, in 
pi-Ci-ence of water, and probably under considerable pressure, 
had produced rocks which bore some resemblance to, but 
could he distinguished from, crystalline schists, such as those 
of kn6Wb\ Archasan age ; (2) that, while these agents of raeta- 
tnorphiam have product a crystalline rock ^om a clastic 
one, they Have not obliterated the original structure, when this 
was somewhat coarse. Hence that it is safe to conclude that, 
at any rate in the less highly crystalline schists, the alternation 
of mineml constituents which so closely simulates bedding is 
due to an original stratification of clastic constituents. 

Phyftioal Society, June 8.— Prof, Ayrton, F.R.S., Vice- 
President, in the chair. — The following commanications were 
n^c A. ^otograph of lightning flashes was exhibited and 
described by T>r. Hoflfert. The photograph was obtained 
durtng the storm on the flth inst., whilst the camera was beh^t 
waved about in the hand, and shows three simitar and parallel 
flashes, thus proving that successive sparks in multiple flashes 
may traverse the same path and may be se)>arated by appreciable 
intervals of time. The supposed primary spark is interoeoted by 
fiumerons tributary ones spread out on both sides, the second 
spark shows one tributary, and the third none. Faint bands 
of light pass across the plate parallel to the direction of 
motion, and these prove that some residual illumination exists 
dttr^ the intervals between the successive flashes, A dark 
flashis also seen on the plate. Prof. Herschel, who had 
'taken photographs during the same storm, refer^ to the 
flutterii^ appearance of the flashes, and on their long dura- 
tion ; in many coses the time was sufficient to allow him to 
din^ the camera towards the flash, and make a successful 
exposure. He had also observed multiple flashes with the 
unaided eye, and on waving his hand about he had sometimes 
noticed about a dozen distinct images of it during one discharge. 
Mr. Or^bry «aid that he watched the storm along with two 
others, they could seldom agree as to the shape of the 
flashes, Ojr on their simple or multiple character. The want of 
agreement as to multiplicity he thought might be camied by 
weir eyes being directed towards dlRMt paru of the sky when 
a multiple flash occurred ; the one who happened to be looking 
'towards the flash mlAt be conscious of only one impression, 
whereas the others m directing eyes would receive the 
^flmdtes on difl^rent parts of the retioa. In sotpe cases as many 
a» three distinct flashes (occurring at intervals of about tab 


seconds) traversed the same path, and a number of ^he dUaharges 
presented a beaded or striated appearance. The beads seemed 
to remain after the main flash had faded, and this might acoount 
for the bands shown la Or. Hoifert's photograph. Mr. C. V. 
Boys, in refesping ro maltiple flashes, said that although ^ 
stacements made in the discussloa of Mn Whipple^s paper on 
April 13 were not readily accepted, yet no one who vnubhod tire 
recent storm could doubt their existence. Prof. S. P. l^omp- 
son thought the order of the flashes on the photograph may 
have been the re^reme of that suppoeed, for he Observed that the 
hand of light extended on both sides of the (so called) ptimajry 
flash, whereas the outside of the third flash was ^uite dfask. Mr. 
E. W. Smith noticed many cases of “sympathetic discharge/* in 
which a flash in the north seemed to preoJpitaJte anoihqr in the 
north-west within a few seconds, and in t^ be was coivoborated 
by Mr. Gr^ory, who viewed the rtorm from adtflerent foexii^. 
Mr. C. V. ^rton thou|^t the heating of the air by the fleet spark 
of a multiple flash mi^t give rise to the tvibutaim itUepeccmg 
the suQceediog main sj^ks. Mr. A. W: Ward mentionea a long 
flash observed at Cambridge which passed from the zenith, ana 
struck some farm -luiildings at a distance, and he was particularly 
impressed by the considerable time occapied in its progress.-^ 
On the methods of suppressing sparking in electro-magnets, by 
Prof S. P. Thompson. The object of this paper is to classify 
the methods which have been suggested, and to draw attention 
to a novel method of some xmpoitance. The classification U as 
follows: (l) MecAankal (frrfkes ^ (j) simple snap switch; {f>) 
break in magnetic held ; (r) break under liquid ; (/f) wiping 
break (asbestos, ike., brushes) ; (r) blow out. JSlectriial tieiic^ : 
(A) use of condensers, (a) placed across gap, and (^) across 
terminals of magnet ; (K) mutual induction protectors, {a\ copper 
sheath around core, and (^) layers of foil between wimlings ; 
(C) short-circuit working; (D) differential winding; (E) bigh- 
resiatance shunt (non- hid active) ; (K) voltameter or liquid resist- 
ance across gap ; (G) multiple wire arrangement of Mr, Langdon 
Davies ; (H) electro-magnet with’two bobbins in series or parallel 
The merits and demerits of the different methods are irtdicated. 
ITie multiple-wire arrangement iised by Mr. Langdon Davies in 
his harmonic telegraph consists in winding each layer separately 
and uniting all in parallel. The effect of this is to make the 
lime constatiU of the layers different, and on breaking the 
circuit the energy is spent ui mutual disi^argcs. — A shunt trans^ 
former, by Mr* E. W. Smith. Two conductors, A and B, of 
equal im}>cdance, are placed in series between alternate current 
mains, acul the Same main.n are connected through two incan- 
descent lamps in series. ITte conductor A has great resistance , 
and B has large self-induction, and when their junction is joioed 
to that of the two lamps, both lamps become brighter, and the 
main current may be reduced. These phenomena were sbown 
before the Society. Since A may consist of lamps aad B may be a 
choking coil, the arraagement will serve to [ncreaae the T.D. 
between the termkkal.<; of the lamps without wasting much energy^ 
ExperimexUs of a similar nature have been made on a Mewo^ 
transformer wound with three equal coils. One coil was used 
as primary, and the other two as separate secondaries, their 
respective circuits consisting of lamps and an atiemate corrent 
motor. Under these conditions the anthmetioal sum orthe tornm 
secondary currents exceeded the primary current by about 14 jpor 
cent., and the secondary volts were 8 per cent, less than the printary. 
All these experiments strikingly illustrate the efleets of accekra- 
tion and lig in alternate currant cirouits, and (as was pointed out 
by the author) show that meters registering “ am^e hoots '* 
merely, may give readings differing greatly from the nurabars 
representing the energy um.^Noles on geometrical optics t (l) 
on the deduction of the elementaiy theory of mirrors and' lente^ 
from wave principles ; (n) on a diopteric spherometer ; (3) on 
the formula of the lenticular mirror, by Prof. S. P. ThoippsOfi* 
Instead of deducing the formulm for lenses and tnirrdra by 
means of **rays,'* and the relations between angles of ineW* 
ence, reflection, and refraction, the author considers it b(KUer 
to derive them from the curvatures impressed on waves at 
the bounding surfaces pf the different media. Indices of 
refiaotion are replaced by their reciprocals, which 
the relative velocities of light, and curvature if moamnsd 
by the camber at the middle of chords of eqind, but smolU 
lengths. An exuttmle wBi Assist in makh{g the inethoa 
of treatment clear. o',*', OfO two sooeessiye podtkma . 

of a plane wave-front la Mr, which impinges pn a curved 
£aF, atA, imd let the eflmtwm at A be and the v " 
constant of Um Sab^itaace A. Umb, tlte jmui a': 
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Jn' *|t ta \ tfce part in the -denser medium reaches C, where 
AC mna ft curvfttote, F, represented by JiC, is im- 

p«MStH!l on the wave, which thas converges to a point Q. Since 

^ A Cl hr' ur' 


AC 9 d . oA SE A . ABt and 


BC _ AB- AC 
^ ‘ A B^ 


BC 

AH 


: I - A, and 


the relillon between the impressed curs^aturc and that of the 
autfaee botsoines F = B(i - //). By successive ftpplication of the 
ftbore method, aU the ordinary lens problems may be treated, 



and the resulting expressions are simplihed Vty being expressed 
in curvature*^ The ordinary m rror formula, / ^ becomes 

F « 2R, and that for the lenticular mirror, V = 2II + F. The 
method readily lends itself to the determination of the changes 
in the shape of wave 'fronts entering or emerging from surfaces 
of irregular outline. The diopteric spheromcief has its outer feet 
situated on n circle of 4471 mill 1 metres radius, and is provided 
with a screw of x millimetre pilch. The instrument so con- 
Bfrucled reads off directly in ** diopt cries/' i>e. curvatures ex- 
pressed on a scale in which that of a sphere of i metre radius U 
taken as unity. — ^On the use of the biquarti, by Mr. A. W. 
^Vard. This is a malhcmaiicol investigation into the causes of 
the varying de^ees of accuracy obtained hy different observers 
M'ho have usea the biquarts in rotation measurements. Assum- 
iog that eiliplicaljy poJarijscd light passes thwwgh the biqnartz, 
the equation which mu«t be satis^ed to give eciuahty of tint on 
the two halves U shown to be : cos a> . sin 2^ . sin 2 w = o, 
where tan y = ratio of axes of ellipse, ^ - rotation produced 
by quartz for wave-length A,, ^ - angle lictween plane of vibra- 
tioos of analyzer and that of .rs, the axis of z being parallel to 
the direction of transmission, and w angle between one axis 
of the ellipse and that of x. The equaUon is satisfied by either 
cos ay j= o, or sin c: o, or ain aw-® = o. The first boIu- 
tion relates to circularly polarized light, and aee<l nor be con- 
sidered ; the second can only hoKI for one particular wave-length 
depending on the thickness of the quart/ ; and, in interpreting the 
third solution, it is shown thata satinactory result is only obtained 
when the light is plane-polarized. The dedactiocs are in ac- 
cordance with experiment, for the Inquartz has been used with 
considerable accuracy when experimenting on isotropic media ; 
bat with doubly refracting substances, where the li^t is liable 
to become elliptically polarized, the rttstrhs are very discordant. 

£rrata . — ^Page 143, lines 27 and 29, for ‘‘volumes” read 
“densities.” 

Idathttmotical Booiety, June I3.“-Mr. J. J. Walker, F.R.fi>. 
Ftesident, in the chair.— The President opened the proceedings 
of this the last meeting of the session ootnnientiBg on the 
losses the mathematical world had recently sur^tained by the 
deaths df Brdf. Geoocchi, of Turin, Prof. Du Boisi-Reymond, 
Berlin, and M. Malden, of Paris.— -The following commimica- 
titStos were made « — The square of F-uler’s series, by Dr. Glalsher, 
F.bfS. ; a theorem in the calculus of linear partial differemial 
oper^irioQS, ^ Major Macmobovi, R^ A. ; on 'C^alltne reflection 
and rtfittwtion, by A. B. Basset, F^R, S. ; 00 some rings of circles 
CMDaoted with a triangle and the circles tSchonteV system) that 
cut tlMMa at equal ang^ by W. W. Ttvlor ; the figures of the 
fS^iwi and Quippian of a class of cubic curves, by the 
fwildmit (Sir J. Cockle. F.R.S., in the chair) ; , and a genera- 
IliUkUeh df problem, 4 ^ Pwf. Sylvester, F^R.S., (com- 

wniefced 'by^ J. Hammond).— The fwlesring ppers, on the 
emll Wavft-motfoAa of a heterogeneous ffuid under igw/rity, by 
Prtf. Bufftitdde, 'und on the tmlCsym 4ef««haUoo in two 

mmrniAonit ©fa q^lindritml shell ^f#i^tfthidEije8s, wUbai^Uw^ 

the geneNki tlmory tff defisemotliitt oTthin ahmls, by 
lUyleig^, Sec. R.S., were tukea as redd. 

Jmse 4 ,-^* Oitbett T.RiS., 

wjAinulThe Sedretaary read aTcport on 


the additions that had been made to the Society's Menagerie dur- 
ing the month of May 1SS9.— Mr. H. E. Dresser exhaled j^d 
made remarks on some eggs of the Adriatic Black-headed GM 
{La^us mehnfic<fMus) and of the Slender-billed GUll (Zmrizs 
j^eiusies)f which nod lately l^en obtained at their nesyiQg!q:)lflM 
in the marrires of Andalusut by Colonel lianbury Barclay a&d 
himself. — Dr. G. J. Romanes, F.R.S., read a paper on the in • 
telltgence of the Chimpanzee, as shown in the course of exi’ieri- 
ments made with the lennale Chimpanzee called “ Sally,” which 
has been living several years in the Society’s Menagerie. —A 
communication was read from Signor Fr. Sav. Monlicelli, con- 
taining notes on some Kntozoa in the collection of the British 
Museum, ^ — Mr. Sclater read a list of the birds collected by Mr, 
George A. Ramage (the collector employed by the joint Com- 
mittee of the Royal Society and the British Association for the 
exploration of the Lesser Arrtilles) in Dominica, 'W'e&t Indies, 
and made remarks upon some of the species. 

Entomological Society, June 5.— The Right Hon. Lord 
Walsingham, F. K.S., President, in the chair. — Mr. S. Stevens 
exhibited a specimen of Aaolepia assedtilat Mler, included in 
a lot of TinHdiC^ purchased by him at the sale of the late Mr. 
A. F. Sheppard’s collection. He also exhibited, for comparison, 
a specimen of A. bctuUuUa.^yix. j. J. Walker, R. N., exhibited 
a collection of Lepidoplera made in 1887 and 1888 in the im- 
mediate vicinity of the Straits of Gibraltar. 'I'he collection 
included sixty-eight si>ecies of butterflies, of which ihirty-«ix 
were obtained on the Rock of Gii^raltar itself, and the remainder 
on the European side of the Straits ; and about 160 species of 
moths. — Dr. P. B, Mason exhibited a number of specimens of 
a South European stKcies of ant — scuitUaru, 
Oliv, He said that the specimens were all taken in the fernery 
of Mr. Baxter, of Burton-on -Trent, and had probably been 
iinpoited with cork. — Mr. O. E. lanson exhibited a pair of 
Ntptunidts iUmUyit a species of Cctomuhf^ recently received 
from Central Africa, and dcscriljed by him in the February 
nunilH'r of the Entomologist; also some varieties of pi, poly- 
chrousy Thoms,, from the Zanzibar district.— Dr. N. Manders 
exhibited a number of Lepidoptera collected by himself in the 
Shan States, Burmah ; aUo a collection of lepidoptera made by 
Captain Raikes in Karenni.— Mr. McLachUn exiiibiied over 400 
Specimens of Neuropiern, being a portion of the collection 
formed in Japan by Mr. H. J. S. Pryer. They represented nearly 
all groups (excepting Odi^aUi, now in the hands of Baron Dc 
Selys). Some of the AscalapkidiOy PanorpuU\ and Trithoptf-rUy 
were of great beauty, — Di. Sharp exhibited the peculiar cocoonj. 
of an li^ian moth, Ehodia newata^ Moore; these were the 
cocoons pofisc&ftiiig a drain at ihe bottom in order to allow 
water to escape, already <lescribed in the Proceedings of the 
Zoological Society for 1808, p. 120, where, however, their great 
resemmance to the pods of a plant had not been alluded to. — 
Mr. Enock exhibited, and made remarks on, specimens of 
Cecidomyia 4 t$tfU£toi\ bred from American wheal, — Mr. W. 
Warren exhibiteil a bred specimen of RHinia posUamay Zeit-, 
from Newmarket ; also specimens of EupttAecia jasim^nm and 
G^kcAia lonfimsy bred by Mr, Gardner.— Mr. C. 6. Woterhouae 
exhibited and explained a number of diagrams illustrative of the 
external characters of the eyes of insects.— Mr. A. G, Butler 
communicated a paper entitled “Descriptions of some new 
Lepidoptera- Heterocera in the collection of the HoUk Waller 
de Rotbacluld.” He also contributed a aecond paper entitled 
“ Synonymic Notes on Moths of the earlier genera of Noctuites. ” 
— Dr. Sharp read a paper entitled “An Account of Prof. 
Plateau's Experimeiits on the V ision of Inaecis ” Lord WaJsmg- 
bam, Mr. Jacoby, Mr. While, and Mr. Waterhouse took part in 
the discussion which ensued. 


Paris. 

Academy of Sciences, June ii. — ^M. Des Cloizeanx, Presi- 
dent, in the chair.— On the exceptional deviations of some 
tropical cyclones, by M. H, Faye. As far as 35® of latitude 
tropical cyclones present a remaikable regularity, wfih the 
exception that the geometrical figure described by their 
trajectory is deflected towards the north between 20® and 30* 
according to the aeaaons, as has been clearly determined by le 
P^e VHtez, of ihe Havana Observatory. But although ttie laws 
laid down byritis meteoiolcgiat appeared to be absolute, they 
were cettsinly deviated from by the tornado of September 3-^ 
in the'WeKt Indies, as well as by that of June f 885, in the 
Gnlf of Aden. The disturbing cause in the first instance was 
atttdbotcd^l^ Vlfiex to a second cyclone exercising a strong 
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rs^llent action on the other, and driving it with disastrous 
eowquences across the island of Cuba, But Mr. E. Hayden, 
c^ thc United States Meteorological Bureau, rejects this eaplana- 
tiott, and traces the disturbance to the tnduence that zones of 
high pressure appear to exercise on low pressures and especially 
on cyclones. Faye seems inclined to accept this view, if it 
could be shown that the action of high-pressure zones is felt in 
the higher aCmospheric regions far atove the crests of the loftiest 
mountain ranges.— On the value of a finite continuous and purely 
periodical fraction, by Prof. Sylvester. The positive root of the 
equation 

gives the value of the purely periodical infinite fraction (/^), 
where f is a type — that is, a succession— of any elements what- 
ever*. By means of a formula given in a previous communication 
the author here offers an easy solution for the problem : To find 
the va^ue of the analogous periodical but finite continuous frac- 
tion {^„). — Researches on the elasticity of solids, by M. E. H. 
Amagat. The method applied by the author to crystal, os de- 
scribed in a former note {Cttniptes rendm^ October 15, 1888), is 
here employed for other substances, such as glass, steel, copper, 
brass, and lead, which are also treated by the Wertheim process. 
The tabulated results, obtained at a mean temperature of 12° C., 
seem to show that for metals the value of Poisson’s coefficient 
ju increases with the coefficient of compressibility, and for the 
other substances with the facility with which they undergo per- 
manent deformation. The value of theoretically equal to 
0*50 for fiuids, would appear to increase in the scale of bodies, 
passing through all the intermediate states (pasty, viscous, &c., 
and consequently for the same body passing through these 
various states), and approaching 0*25 according as the bodies 
become more and more refractory to permanent deformations 
—that is, more perfectly elastic. Glass approaches nearest to this 
theoretic condition, the next in order oeing steel, copper, and 
lead, while caoutchouc occupies the opposite extremity of the 
'Scale. Hence the perfect solid, for whicn the value of /z would 
be o' 25, should realize the double condition of being at once 
perfectly elastic and perfe^ly isotropic, — On the solubUity of 
saccharose in distilled water, by M. L^n Pilrier. After the 
disastrous vintages of 1888 in the Gironde district, various 
groweds attempted to substitute for the Ordinary wines a drink 
prepared from grape-cake and sugar refermented. M. Piirier 
here describes the results of the examination he has made of 
numerous specimens of these liquids submitted to hU inspection. 
— Erosions due to wind action, by M. Contejean. During a 
recent visit to Corinth the author observed a remarkable instance 
'Of this phenomenon on the neighbouring plateau, where an old 
amphitheatre some fifteen metres from the edge of the escarp- 
ment communicates with the beach through a cavern with wide 
opening at both ends, and above which the limestone rock forms 
a natural bi;idge. The walls of this cavern, which is formed in 
the sandstone stratum at the foot of the cliff, are extremely 
rugged and Jrregularly corroded, nowhere showing traces of 
human workman^ip. The tunnel could not possibly have been 
excavated either by the rains or the running waters, and its 
existence can be explained only by the action of the sands play- 
ing on a point of least resistance under the inffuenoe of the fteroe 
northern gales prevalent in this region. — On the rectifioatloa of 
alcohol, by M. E. Sorel. In continuation of his previous com- 
municatiou on this subject {Comptes nndus. May 27, 1889), the 
author here shows how the theoretical data may be verifi^, and 
indicates the practical conclusions that maybe drawn from them. 
—Some documents v^ere submitted to the Academy ly le Pire 
O^nea, on the recent earthquakes in the north-west of France, 
alight vibrations of which were also felt in Genoa, Sinigaglia, 
Sienna, and other parts of Italy. At the Observatory of 
MoncalieH the seismic instruments showed some indications of 
4 he underground disturbances. 

Beulin. 

Plmlological Society, Majr 31. — Prof, du Bols-Reymond, 
President, in the chitir. — Dr. NtUe described and demonstrated 
^his appmatus for observing and > examining the interior of the 
uriai^ bladder. The appatatUs, called a cystoscope, consisu of a 
small incandescent etectneal lamp, a prism, and a small ocular and 
objective, the whole arranged In the form of a catheter. Before 
making an observation toe bladder is washed out with wmter, 
the instrument is then introdaced. and the termiAals of ^ 
electric lamp are connected with a battery. While intended in 
dhe first instance to facilitate the ocular inspection of pathological 
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conditions of tbe Uaddtt, this instrumont slso makss it posidbic 
to observe various physiologies] functions, vneh as the periodic 
extrusion^ of small quamities of urine from the mouths of the 
ureters, and the peristaltic movements of the ureters themselves. 
The applicability of the method was demonstrate on two 
patients.— Starling with the observed fact that canariesfed with 
cayenne pepper acquire a ruddy plumage, Dr. Sauennana has 
ba^d upon it a scientific investigation of cam^ics, fowls, pigeons, 
and other birds. From these he has obtained the following 
results. Feeding with pe)>per only produces an effect when 
given to young birds before they moult j the dolour of the 
feathers of older birds cannot be affected. Moisture facilitates 
the change of colour to a ruddy hue, which is again discharged 
under the inffuence of sunlight and cold. A portion of the 
constituents of cayenne pepper is quite inactive, as for instance 
piperin and several extractives: similarly the red colouring- 
matter alone of the pepper has no effect on the colour of tbe 
feathers. It ia rather the triolein, which occum In the pepper in 
la^e quantities, together with the characteristic pigment, which 
brings about the change of colour by holding the rra pigment of 
the pepper in solution. Glycerin may be used instead of triolein to 
bring about the same result. The same statement holds good 
with regard to the feeding of birds with aniline colours* The 
red pigment of the pepper is also stored up in the egg-yolk as 
well as in the feathers. The first appearance of the pigment in 
the yolk may be observed as a coloured ring four days after the 
commencement of feeding with the pigment dissolved in fat ; 
after a further two days' feeding the whole yolk is coloured. Dr. 
Sauermann is still engaged in carrying on his researches. 
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SCIENTIFIC WORTHIES. 

XX VL— Dmitri Ivanowitsh Mendeleeff. 

D mitri ivanowitsh mendeleeff was bom 

on February 7 (N,S.)» i834> at Tobolsk, in Siberia, 
He was the seventeenth and youngest child of Ivan Paolo- 
witsh Mendeleeff, Director of the Gymnasium at that place. 
Soon after the birth of Dmitri his father became blind, and 
was obliged to resign his position, and the family became 
practically dependent upon the mother, Maria Dmitrievna 
Mendeleeva — a woman of great energy and remarkable 
force of character. She established a glass-works at 
Tobolsk, the management of which for many years de- 
volved entirely upon her, and on the profits of which she 
brought up and educated her large family. The story of 
Mendeleeff’s youth is given in the preface to his great 
work *‘On Solutions,” which he dedicated to the memory 
of his mother in a passage of singular beauty and power. 
Having passed through the Gymnasium at Tobolsk, 
Mendeleeff, at the age of sixteen, was sent to St. Peters- 
burg, with the intention that he should study chemistry 
at the University, under Zinin. He was, however, trans- 
ferred to the Pedagogical Institute, the aim of which was 
to train teachers for the District or Governmental Gym- 
nasiums throughout the Empire. The Institute (which 
was abolished in 1858) was established in the same build- 
ing as the University, and was divided into two Facul- 
ties— Historico philological and Physico-rnathematical. 
Mendeleeff attached himself to the natural sciences, 
and thus came under the influence of Woskresenky in 
chemistry, of Emil Lenz in physics, of Ostrogradsky 
in mathematics, of Ruprecht in botany, of F. Brandt 
in zoology, of Kutorga in mineralogy, and of Sawitsh 
in astronomy, most of whom were Professors of the 
same sciences in the University. Whilst at the In- 
stitute be wrote his first paper on “ Isomorphism,” 
and on the termination of his course of instruction he 
was appointed to the Gymnasium at Simferopol, in 
the Crimea, During the Crimean war he was transferred 
to one of the Gymnasiums at Odessa, and in 1S56 he 
was admitted to the degree of Magisier Chemia- of the 
Physico-rnathematical Faculty of the University of St. 
Petersburg, and was made Privat-^D&cent in the Univer- 
sity. Even at this early period of his career we find 
Mendeleeff speculating on the great problems with which 
his name is inseparably connected. The relations 
between the specific gravities of substances and their 
molecular weights had begun to attract increased atten- 
tion, Kopp had just published the first instalment of 
that long and laborious scries of experimental obser- 
vations Which constitutes the real foundation of alt our 
knowledge concerning the specific volumes of liquids, 
when the young Siberian philosopher laid a number of 
theses on prol^ms relating to specific volumes before the 
\l^h^icQ-tnathematicai Faculty of the University. He 
, out that magnetic elements have smaller specific i 

: than diamagnetic elements. He also showed 

I 

than elsctm-negative ele- ' 
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ments, was in accordance with the greater number of 
well-established facts. When we remember bow slowly, 
in spite of the powerful advocacy of Williamson, the 
ideas of Laurent and (Gerhard t and what came to be 
known as the modern French school, found favour in this 
country, it is remarkable, as indicating the radical and 
progressive character of his mind, and the keenness of. his 
mental vision, to fina Mendeleeff, as far back as 1856, 
insisting that to Gerhardt was due the best mode of de- 
termining the chemical molecule ; that the molecule of 
oxygen was expressed by the symbol ; those of arsenic 
and phosphorus by AS4 and P* respectively ; that of 

alcohol by | O ; and that of ether by j- O. 

McndeleefFs researches on specific volumes were 
begun in 1855, and were continued, with intermissions, 
down to j 870; but part only of the work has been pub- 
lished. In 1859^ Mendeleeff obtained permission from 
the Minister of Public Instruction to travel, and repaired 
to Heidelberg, where he established a small private 
laboratory, and occupied himself with the determination 
of the physical constants of chemical compounds. He 
returned home in 1861, and in 1863 was named Professor 
of Chemistry at the Technological Institute of St, Peters- 
burg. In 1866 he became Professor of Chemistry at the 
University, and was made Doctor of Chemistry after a, 
public defence of his dissertation “On the Combinations 
of Water with Alcohol.” He is now Emeritus Professor, 
and delivers annually a course of lectures on general 
chemistry. 

Mendeleeff is so prolific a writer that it is impossible 
within the limits of an article of this kind to do justice to his 
work. There is, in fact, no section of chemical science which 
he has not enriched by his contributions. Some of his 
earliest work related to questions of mineralogy and che- 
mical geology ; and at times, as in his papers on (Enan- 
thol-Sulphurous Acid, on Fermentation Propyl Alcohol, 
and on the Nitriles, he cultivated the rapidly extending do- 
main of organic chemistry. Hut his reputation mainly rests 
upon his contributionsto physicalchcmistryand to chemical 
philosophy. In his papers on Specific Volumes he extends 
Kopp’s generalizations, and traces the specific volumes of 
substances through various phases of chemical change. 
He shows that in the thermal expansion of homologous 
liquids the expansion-coefficient diminishes in a regular 
manner as the series is ascended, and he indicates the 
intimate connection which exists in the case of liquids 
between expansion and cohesion, and the rdle played by 
molecular cohesion in the determination of chemical 
activity. His paper on the thermal expansion of liquids 
above their Ixiiling-points is noteworthy as demon- 
strating that the empirical expressions given by Kopp, 
Pierre, and others, for the expansion of liquids up to 
their boiling-points, are equally applicable to far higher 
temperatures, and that the expansion-coefficient gradually 
increases with the diminution in molecular cohesion of 
the liquid, until, in the case of certain liquids, e.g, ether 
at 133*, ft becomes even greater than that of the gas. 
The expansion-coefficient of ether increases to 0 0054 at 
the temperature of its absolute boi ling-point is, at 
about 190**. The absolute boiling-point is defined by 
Mendeleeff as that temperature at which the cohesion and 
latent heat of vaporisation are m'/, and at which the liquid 
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Wiomei gaseous independently of pressure and volume, 
It is, in fact, that temperature which the researches of 
Andrews have made us familiar with as the ** critical- | 
point. In this paper MendeleetT presents us for the hi'st ' 
time with a number of determinations of the critical- ! 
temperatures of various substances, founded partly on I 
his own determinations, and partly on those of Cagniard I 
de la Tour, Wolff, and Drion. j 

Other papers on physical chemistry relate to Contact I 
Action, to Fractional Distillation, and to the Heat of 
Combustion of Organic Substances. In 1883 Mendc- ; 
leeff was made an honorary mcml>cr of our Chemical 
Society, and in the following year he contributed a , 
remarkable paper to the Journal of the Society (Trans- I 
actions of the Chemical Society, xlv. 126), in which he ! 
developed an extremely simple general expression for the | 
expansion of liquids under constant pressure between o'* J 
and their boiling-points. This expression may be written t 
j/V^ aw 1 kt^ in which V/ is the volume at f (that at ; 
o** being unity), and ^6 is a quantity which varies with ! 


the duty on spirits, which is $0 important a factor in the 
national income of many States. MendeleefPs work has 
serv ed to confirm and extend that of Drinkwater, Fowncs^ 

I and Squibb, and has been utilized by certain Continental 
Governments {eg. that of Holland) for the purposes of 
revenue. But it wa^ not the utilitarian aspect of this sub- 
ject which alone attracted Mendeleeff. Tn a paper com- 
municated a couple of years ago to our Chemical Society 
(Trans. Chem. Soc., U. 778), these determinations are 
applied towards the elucidation of a theory of solution in 
which it is sought to reconcile Dalton' s doctrine of the 
atomic constitution of matter with modern views respect- 
ing diss<)ciation and the dynamical equilibrium of mole- 
cules. According to Mendeleeff, solutions are to be 
regarded as strictly definite atomic chemical combina- 
tions at temperatures higher than their dissociation tem- 
perature, and just as definite chemical substances may be 
either formed or decomposed at temperatures which are 
higher than those at which dissociation commences, so 
we may have the same phenomenon in solutions ; at 


different substances, but which may for any one sub- 
stance be considered invariable between 0“ C. and the 
ncighbourhooi of the boiling-point. This formula is : 
analogous to that which expresses Gay Lussac's law of j 
the uniformity of expansion of gases. But just as Gay 
Lussac’s formula, V 1 + >&/, applies only to a so-called 
ideal gas, Mendeleeff s expression is in like manner to be re- 
garded only as a first approximation-— that is, as applicable | 
only tp ideal liquids. The‘'lSeviations are not large in either j 
case ; they are, as might be expected, especially remarkable 
near temperatures at which the states of the bodies change, j 
In the case of actual liquids the deviations from the ideal 


ordinary temperatures they can be either formed or 
decomposed. In addition, the equilibrium between the 
qvmntity of the definite compound and of its products of 
dj(S80ciation is defined by the laws of chemical equili- 
bmnt. which require a relation between equal volumes, 
and their dependence on the mass of the active com- 
ponent parts {he. cit. p. 779). It follows from this hypo- 
thesis that the specific gravities of solutions depend on 
the extent to which active substances are produced, or 
that the expression for the specific gravity, j, as a function 
of the percentage composition, 7^, may be represented by 
the general equation — 


form of expansion increase not only as the liquid ap- 
proaches the point at which its state of aggregation is 
changed, but also with diminishing density, increasing 
cohesion, and diminishing molecular weight. This last 
cause is especially noteworthy since Mendeleeff showed^ 
more than a dozen yeari* ago {vide j«/r<i),that the devia- 
tions from Gay Lussac's law were related to the molecular 
weights of the gases. The well-known irregularities in the 
expansion ofi water arc, according to Mendeleeff, con- 
nected witbte small molecular weight, its high capillary 
constant (which expresses its cohesion), and the comparifcf 
lively small temperature-interval within which its state 
aggregation is unchanged. Subsequent observers, by apply- 
ing Van dor Waars theory of the general relation between 
the pressure, volume, and temperature of bodies to Mcnde- 
leeff’s expression for the thermal expansion of an ideal 


.f « C 4- A/ + D/. 


Between two definite compounds which exist in solu- 


tion, the differential coefficient 


ds 

dp 


is a linear function of p — 


ds 

dp 


A + 2 hp. 


By the application of this method to the case of aqueous 
solutions of ethyl alcohol, Mendeleeff infers the existence 
of three definite hydrates, viz. EtHO. i aHjO, EtH0.3Hj0, 
and 3E1HO, HjO, the first two of which he has isolated 
hy subjecting the mixture to low temperatures. The 
hypothesis respecting the linear character of the dif- 


ferential coefficient jz kas been proved to be correct for 
dp 

solutions of many salt^, of acids, and of ammonia. 


liquid, have shown that the reciprocal of the constant is Wc have the consummation of this work on solu- 


the number obtained by subtracting 27 1 from the product ' tion in the monograph published by Mendeleeff last 
of the critical temperature into a quant^^y which should be j year. This volume, the fruit of many years of labour, is 
the same for all substances. The value of this quantity is ; unquestionably the most Important contribution to the 


approximately 2, and since the range of its variation is 
apparently very small, the development of Mendeleeff's 
formula affords a simple and ready method of calculating 


theory of solution yet given to science. 

Much of Mendeleeff scientific activity since iSyz has * 
been absorbed in an extended work on the elasticity of 


the critical temperature of bodies from observations of the gases, which be has executed In conjunction with Ills 
their expansions as liquids.' pupils, Klrpitshoff, Hemitian, Bogusky, and Kajander. 

Mendeleeff^s skill in physical measurement is well Part only of the restdjts have as yet appeared. The first 
illustrated by his determinationa of the Specific Gravities volume, pubUshed m RuSsiaa in 1875, oentains detaite of 
of Aqueous Solutions of Akohot. Such determinations the modes of measuremefil, which involved manyforma^ 
have been frequently made the subject of the most appamtus new to phyidcal science A summary «f 
rigovmta experiment in this and other countries, inismueh pcin^pal results oi^ned wai |HtbUsh«d in 
as they constitute the basis of the methods of asseising a in Regnaidt fisotd that 
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conftt, — Boyle'? law — was true for ideal gases 
only. Between one atmosphere and thirty atmospheres .the 
deviations were positive in the case of hydrogen, and nega- 
tive in those of all other gases, Mendelecff pointed out 
that the deviations must become positive for all gases at 
sufficiently high pressures, and the fact has since been 
hy the observations of Amagat and Cailletet. 
Mendeleetr, more particularly, made observations at low 
pressures, i.e. below one atmosphere ; and here the de- 
viations were again found to be positive and relatively 
very large. It was found, in fact, that, at the limit of 
<x}nden 5 ation, the gases seemed to behave like solid 
bodies— the molecules were incapable of being 
stretched or brought nearer together to any appreciable 
extent by varying pressure. Mendelecff has further de- 
termined the real coefficients of thermal expansion of 
gases. This, for air between 0° and loo"^ under a standard 
atmosphere, was found to be o 0036829. Determinations 
made in the case of other gases have shown that the co- 
efficients of expansion increase with increasing molecular 
weight, gases of the same molecular weight giving the 
same coefficient. 

Molecular weight. Coefficient of expansion. 

o ’00367 
000373 

000373 

000385 
o 00386 


Hydrogen 

Nitrogen 

Carbon monoxide 
N itrous oxide . , . 
Carbon dioxide 
Sulphur dioxide 
Hydrogen bromide. 


28 


44 

64 

81 


The coefficient of e-epansion is found to decrease with 
increasing pressure in the case of hydrogen. Thus at 


200 mm o 00569 

760 „ o 00367 

8 atmos o 00366 

But with the so-called coercible gases the reverse is 
found to take place. Thus, in the case of carbon 
dioxide, 

120 mm. pressure 0-00372 

230 ,, ,, 000370 

7^ I. M 0-00373 

3 atmos. „ 0 00389 

S „ „ 0-00413 

The decrease of the coefficient of expansion with in- 
creasing pressure is a normal phenomenon of gases, the 
positive deviation observed in the case of hydrogen being 
found to hold equally good for all gases at very high and 
very low pressures. Hence the laws of Boyle and Charles 
are only valid at points of the curve when the deviation 
chahges from positive to negativ^ or vice versd. 

These experiments have also borne fruit in various 
meteorological papers on the [ffiysical nature of the highly 
rarefied air existing in the upper strata of the atmosphere. 
In dds connection it may be stated that Mendeleeffi has 
Attempted to organize meteorological observations in the 
npper regions of the atmosphere by means of balloons, 
and hence he has been led to study astronautics. His 
practical acqdaintance with the subject induced him to 
make an asceot firom Klin during the total solar eclipse of 
19, ifiSy, for the purpose of observing the exten- 
sion, And structure of the corona when seen through highly 
ait 

i« indebted to Menddee^ for the trainii^ of 
igehmtipne of her chemists. His writings have 
ntode of teaching chemical science 


in that country. His treatise on Organic Chemistry was 
the standard work of its time, and exercised great in- 
fluence in spreading abroad the conceptions which are 
associated witli the development of modern chemistry. 
His “ Principles of Chemistry," published in 1869, and 
repeatedly reprinted, is a veritable treasure-house of 
ideas, fro n which investigators have constantly borrowed 
suggestions of new lines of research. This book is one 
of the classics of chemistry ; its place in the history of 
science is as well assured as the ever-memorable work of 
Dalton. Mendeleeflf, indeed, might with equal fitness 
have styled his book a “ New System of Chemical Philo- 
sophy." In it he has developed the great generalization 
which is known under the name of the “ Periodic Law" — 
a generalization which is exerting a profound influence on 
the development of chemical science in all countries in 
which its study is actively prosecuted. Mendeleeflf first 
drew attention to the principles upon which the Periodic 
Law is based in a paper read to the Russian Chemical 
.Society in 1869, in the following scries of propositions : — 

(1) The elements, if arranged according to their atomic 
weights, exhibit an evident periodicity of properties. 

(2) Elements which are simii-ar as regards their chemi- 
cal properties have atomic weights which are either of 
nearly the same value {e.g. platinum, iridium, osmium), 
of which increase regularly {eg. potassium, rubidium,* 
caesium). 

(3) The arrangement of the elements, or of groups of 
elements in the order of their atomic weights, corresponds 
to their so-called valencies, as well as, to some extent, to 
their distinctive chemical properties ; as is apparent 
among other series in that of lithium, beryllium, barium, 

^ carbon, nitrogen, oxygen, and iron. 

(4) The elements which are the most widely diffused 
have small atomic weights. 

(5) The magnitude of the atomic weight determines the 
character of the element, just as the magnitude of the 
molecule determines the character of a compound body. 

(6) We must expect the discovery of many yet unknou n 
elements— for example, elements analogous to aluminium 
and silicon— whose atomic weight would bjC between 65 
and 75. 

(7) The atomic weight of an element may sometimes be 
amended by a knowledge of those of its contiguous ele- 
ments. Thus the atomic w'cight of tellurium must lie 
between 123 and 126, and cannot be 12S. 

(S) Certain characteristic properties of elements can be 
foretold from their atomic weights. 

In the Faraday Lecture recently delivered to the 
Chemical Society, and from which these words are taken, 
Mendeleeflf has indicated for us the lines upon which the 
evolution of bis theory proceeded. In the first place, it 
is to be noted that it is based wholly on experiment : it i$ 
as much the embodiment of fact as are the laws of 
chemical combination formulated by Dalton. Without 
the knowledge of certain data it could not possibly 
have been discovered ; with this knowledge its appearance, 
says Mend^eff, is natural and intelligible. Three 
scries of data were necessary to pave the way for its 
enunciation * 

(1) The adoption of the definite numerical values of 
the atomic weights founded on the conceptions of 
Avc^adro And Gerhardt, as insisted upon by Cannizzaro. 
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{3) The recoigflition that the relations betvmn the atomic 
weights of analogous elements were governed by some 
general law. Many chemists, and more especially Dumas, 
Gladstone, and Strecker, had drawn attention to the 
numerical relationship existing between correlated groups 
of elements, but no one before Newlands in England, and 
De Chancourtois in France, had sought to generalize this 
conception, and to extend it to all the elements by con- 
sidering their properties as functions of their atomic 
weights. (3) A more accurate knowledge of the relations 
and analogies of the rarer elements, such, for example, as 
that given to us by Roscoe in the case of vanadium, and 
by Marignac in that of niobium. The law of periodicity 
was the systematized expression of these data ; it was, to 
use MendeleefPs language, “the direct outcome of the 
stock of generalizations of established facts which had 
accumulated by the end of the decade 

We can only very rapidly allude to some of the more 
striking services which Mendeleeff’s generalization has 
rendered to science during the twenty years of its 
existence. By a more systematic arrangement and co- | 
ordination of the known chemical elements, it has not | 
only indicated the existence of new forms of elementary \ 
matter, but it has pointed out the probable sources of 
the undiscovered substances, and has enabled us to know 
their properties even before we have knowledge of their 
existence. It was this power of divination inherent in the 
law which, perhaps moi^ than any other feature, first 
attracted attention to it, and quickened the interest with 
which its development was regarded by men of science. 
There are now three instances of elements of which 
the existence and properties were foretold by the periodic 
law : (1) that of galliunt^ discovered by Boisbaudran, 
which was found to correspond with the eka aluminium of 
McDdeleefi* ; (2) that of scandium^ corresponding to eka- 
karon, discovered by Nilson ; and (3) that of germanium, 
which turns out to be eka^sUicium, by Winckler, No one 
who was present on the occasion of the delivery of the 
Faraday Lecture will foiget the enthusiasm which followed 
the reading of these words of MendelecfFs : “ When, in 
1871 , 1 de^bed to the Russian Chemical Society the 
properties, clearly defined by the periodic law, which such 
elements ought to possess, I never hoped that I should 
live to mention their discovery to the Chemical Society of 
Great Britain as a confirmation of the exactitude and the 
generality of the periodic law." 

Up to the time of the formulation of the law, the 
determination of the atomic value or valency of an 
clement was a purely empirical matter, with no apparent 
necessary relation to the atomic value of other elements. 
But to-day this value is as much a matter of a /nVW know- 
ledge as is the very existence of the element or any one of 
its properties. Striking examples of the aid which the law 
affords in determining the substituting value of an element 
arc presented by the cases of indium, cerium, yttrium, 
beryllium, scandiun%, and th&num, Jn certain of th^se 
cases, the particular value demanded by the Jaw, and the 
change in representation of the molecular composition of 
the compounds of these elements, have been confirmed 
by all those experimental criteria on which chemists are 
accustomed to d^end. One of the most interesting 
instances of the kind is seen in the example of uramum, 
the atomic weight of which was formerly regarded at 


,120, then as 180, but which, on the authority of the 
periodic law, is now established as 240, a value completely 
confirmed by the independent experiments of Zimmer*^ 
mann and Rammelsberg. Uranium has a special intereet 
in being the last teem in the series : no element of higher 
atomic weight is at present known. 

As examples of the value of the law in enabling us to 
correct the atomic weights of elements whose valencies 
and true position were well known, we may cite the cases 
of gold, tellurium, and titanium, the values of which 
were apparently higher than those demanded by it. In 
each of these cases a redetermination of the atomic 
weight has resulted in a value which is in conformity with 
the previsions of the periodic law. 

The law has, moreover, enabled many of the physical 
properties of the elements to be referred to the same 
principle of periodicity. At the Moscow Congress of 
Russian physicists in August 1869, Mcndcleeff pointed 
out the relations which existed between the density and 
the atomic weights of the elements ; these were subse- 
quently more fully examined by Lothar Meyer, and are 
embodied in the well-known curve in his “ Modem Theories 
of Chemistry.” Similar relations have been discovered in 
certain other properties, such as ductility, fusibility, hard- 
ness, volatility, crystalline form and thermal expansion ; 
in the refraction equivalents of the elements, and in their 
conductivities for heat and electricity ; in their magnetic 
properties and electro-chemical behaviour ; in the heats 
of formation of their haloid compounds ; and even in such 
properties as their elasticity, breaking stress, &c. 

In the Faraday Lecture, MendeleefT indicated the bearing 
of the law of periodicity upon the doctrine of constant 
valency, and especially on the conception of a primordial 
matter. The mind almost instinctively clings to the 
notion that the law can only find its rational interpretation 
in the idea of unity in the formative material, and it is not 
surprising that the promulgation of the law has been 
heralded by some as the most convincing proof of the 
validity of the Pythagorean conception that experiment 
has yet been able to adduce. But the author of the 
periodic law will not admit that his generalization has 
I either sprung from this conception or has any relations 
I towards it ** The periodic law, based as It is on the solid 
I and wholesome ground of experimental research, has been 
evolved independently of any conception as to the nature 
of the elements ; it does not in the least originate in the 
I idea of an unique matter ; and it has no historical con- 
nection with that relic of the torments of classical thought j 
and therefore it affords no more indication of the unity of 
matter or of the compound nature of the elements ^an 
do the laws of Avogadro and Gerhardt, or the law of 
specific heats, or even the conclusions of spectrum 
analysis. None of the advocates of an unique matter hgs 
ever tried to explain the law from the standpoint of ideai^ 
taken from a remote antiquity, u^hen it was found con* 
venient to admit the existence Of many gods^^-^d of an 
unique matter.” 

No record of Mendelecft’s intellectual activity woidd 
be complete without some referetM^e to his infihepce ptt 
the development of the industriid resources pi Russk. 
In iSfijhebrOui^ out rim first encyciqmdia of 
technology of ally magnitude whi^ the tirbature 
cotmciy possessed, and he has been Ireqeekdy ckh"* 
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ym^oned to report on the progress of chemical industry as 
manifested at the various International Exhibitions. But 
it was on the petroleum industry of Baku, on the Caspian, 
that this induence has been most widely felt Fifteen 
years ago the production of petroleum in Russia was a 
monopoly, and was accompanied by all the evils which 
usually spring from monopolies ; the trade was exceed- 
ingly limited, and appatencly incapable of development. 
Thanks largely to his action, both on the platform and in ; 
the press, the opening up of the boundless supplies of the { 
peninsula of Apsheron was thrown open to the world, I 
With the result that petroleum threatens to effect an | 
industrial revolution in Eastern Europe and in Asia. ' 
Indeed, it is not too much to say that the oil industry of 
Baku is rapidly becoming, directly and indirectly, one of ^ 
the most powerful factors in the Central Asian problem, j 
MendeleefTs interest in the development of the Baku I 
industry has led to his being sent to the Caucasus and to ! 
Pennsylvania, to report upon the best modes of working j 
the wells, and of separating and utilizing the products. | 
Last year, during the coal crisis in Southern Russia, he 
was commissioned to study the economic condition of the 
industry in the rich coal-basin of Donetz. j 

No man in Russia has exercised a greater or more { 
lasting influence on the development of physical science I 
than Mendeleeff. His mode of work and of thought is 
so absolutely his own, the manner of his teaching and 
lecturing is so entirely original, and the success of the 
great generalization with which his name and fame are 
bound up is so strikingly complete, that to the outer world 
of Europe and America he has become to Russia what 
Berzelius was to Sweden, or Liebig to Germany, or Dumas 
to France. Nowhere has Mendelcefl’s pre-eminence been 
more quickly or more fully recognized than in this 
country. English men of science and of learning have 
delighted to do him honour. In 1882 the Royal Society 
gave him the Davy Medal; and now, the Chemical Society, 
which is proud to number him among its Honorary 
Fellows, has conferred upon him the highest distinction in 
its power, by the award of the Faraday Medal. To the 
great regret of the large gathering of British chemists 
which had assembled to welcome him and to listen to the 
memorable address on the subject which he of all others 
is best fitted to expound, Mendeleeff was unable to receive 
the gift in person ; but the circumstances of his absence 
awakened a deep/eeling of commiseration and sympathy, 
and served to intensify the sentiment of respect and 
admiration with which he is regarded by all English men 
of science.^ T. E. Thorpe. 


rm PREVENTION OF HYDROPHOBIA. 

A S was foretold three years ago, by those experienced 
in its behaviour, rabies is again making itself 
jfelt In this country by becomings epidemic. No disease 
probably has been more misunderstood In the past, none | 
is more clearly known to-day. We are not therefore, as in 

. mx «rstrful ofikAe^ledjtmMits to Pmf, M«n»hiitkln 

idlA of St {Pstenburg, to Dr. fiv Bmunir, of the Univ»r»ity 

^ for atuch of tho on which tl.*U artloia ii based. 


1885, caught napping. Since M. Pasteur showed us the 
whole story of rabies, we have acknowledged the bril- 
liancy of his researches and the most gratifying discovery 
he made of the way in which the disease may be pre^ 
vented from developing in any individual unfortunately 
bitten by a rabid dog. The manner too in which he gradu- 
ally unfolded one secret of Nature after another, by 
his extraordinary insight into the phenomena of in- 
fectious disease, has been demonstrated with beautiful 
clearness in the recent Croonian Lecture delivered by 
Dr. Roux before the Royal Society. 

The gradual evolution of the science of preventive 
inoculations by M. Pasteur has taught us how to obviate 
the appearance of rabies or hydrophobia when the virus 
has been introduced into the system; how, in fact, the 
virus may be hindered from exerting its frightful effects 
on the nervous centres of those unfortunately exposed to 
the danger. Consequently he enjoys the supreme plea- 
sure of having saved hundreds, not only from a most 
painful and miserable death, but from what is actually 
far more painfully important — the most dreadful of appre- 
hensions. 

But this last point, the apprehension or dread of the dis- 
ease, which is so appalling a feature of this malady, owing 
to the extraordinary length of its incubation period, has 
forced upon everyone save the anti-vivisection ists, the fact 
that it is far more necessary, in this of all troubles, to pre- 
vent the chances of the mischief occurring, than to try 
and shut the door after the evil has found admission* 
We have persistently urged that in islands like Great 
Britain the mere existence of rabies is a matter of the 
greatest reproach ; that preventive legislation is to a 
very unusual degree able to cope with it and destroy it 
utterly. A brief repetition of the grounds of this l)elief 
will not be out of place. Of all acute specific diseases, 
rabies is evidemiy the one in which the virus survives 
removal from living tissues with the greatest difficulty. 
As retention of virulence and viability by the viruses of 
different acute specific diseases is a subject of the highest 
I interest, as well to the practical hygienist as to the patho- 
logist, we fortunately know enough from the work of 
recent ye.ars to speak with confidence on the point. 
Bacteriological experience has shown that the difficulty 
of artificially cultivating a zymotic virus in dead material, 
gelatine, increases, roughly speaking, in proportion 
to the length of the incubation period. In proof of 
our contention we may quote the extreme cases of tuber- 
culosis and anthrax. In the former disease the virus is a 
: slow-growing bacillus, growing in artificial cultures with 
i the utmost difficulty, and destroying life only at the end 
] of many weeks. In anthrax, on the contrary, we have 
a bacillus which develops with the utmost activity on 
artificial nutrient soils, and which kills in a few hours. 

Duration of incubation period, however, is not 
! necessarily an index to the viability of a bacillus. But 
; while it wa.s clear from what has just been said that 
we were a priori fully Justified in prophesying that the 
rabic virus would probably not develop in the absence of 
a living pabulifm, />. living tissue, we have actual evi- 
dence to show that fortunately this most terriUe virus 
in all probability is not possessed of powers of active re- 
sistance to those injurious influences which act upon it 
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when exposed to the air, &c. This evidence is simply 
the fact that no case bears investigation in which the 
poison was asse^ed to have been found infecting the 
ground, ^voodwork, &c., of places habited by rabid 
animals— that, in short, the rabic virus cannot survive 
the drying, changes of temperature, See., it necessarily 
undergoes when scattered over the ground, as we often 
see happen by the slobbering of a rabid animah 

This is the 6rst and a moe^t important point, upon 
which our opinion was based, We pass now to the second, 
which is to a certain extent the corollary of the first. It 
is, that the disease is communicated only by one animal 
biting another. There is really no evidence to show that 
accidental inoculation with the blood, &c.* has ever 
occurred, and we are now in possession of direct experi- 
mental evidence to show that the poison cannot be 
absorbed, by being combined with food, through the 
mucous membrane of the alimentary canal. The only 
practicable mode of transmission of the disease, therefore, 
is by One animal biting and lacerating another’s tissues, or 
by licking a wound and so introducing the virus. 

This point, coupled with the first, establishes irre- 
fragably the proposition that, for the permanent extinc- 
tion of rabies from a country into which its reintroduction 
can reasonably be prevented, it is only necessary to pre- 
vent rabid animals from biting healthy ones. In other 
words, it is only necessary to apply the muzzle. Usually 
the public does not listen to scientific men, unless the matter 
happens to be one where fheir own experience, favourable 
or unfavourable, serves to help them to a conclusion. 
On the present question the experience of London in 
1835 and 1886 is sufficient ; and from the recent memorial 
of tlie County Council addressed to the Privy Council, the 
knowledge gained by the last epidemic has been speedily 
utilized. But with particular wisdom the County Council 
have asked for the general adoption of the muzzle all over 
the countiy, so that we may have not merely a temporary 
extinction of the disease^ in one locality, but a riddance of 
it from the whole country. It might well be asked. Why 
have not the Privy Council, who hold in their hands the 
machinery of: prophylactic legislation, brought this con- 
suimnation to a perfect conclusion without waiting to be 
urged by the public outcry which it was well known would 
certainly be raised sooner or later, according as rabies 
rapidly or slowly increased ? The answer is simple, being 
nothing more than the well-known cowardice of authovi- ! 
tics to interfere with what they believe to be a popular i 
interest, sentiment, or feeling, on any point, however con- 
trary to reason or fact that sentiment may be. The Select 
Committee of the House of Lords, whose Keport we re- 
viewed two years ago, did yeoman service to the cause by 
collecting an immense amount of valuable evidence ; but 
unfortunately, misled by the interests falsely stated to be 
interfered with, reported adversely to a general adoption 
of muzzling regulations all over the country, and advised 
leaving the whole matter in the hands of the local 
authorities. « 

Even those members of the Upper House who were 
most interested in the subject, both from pliilanthropic 
and agricultural reasons, hesitated to support any 
measure which might involve some trouble in epplica^ 
tlon. We allude of course to the muzzling of sporting 


dogs more especially^ and to the exemption of sheep and 
other dogs actually engaged in work. AU these poiata 
were considered fully two yeai^ ago by the Society for the 
Preventioh of Hydrophobia, a Society composed of dog 
owners and scientific men, and were treated by them in 
the provisional draft of a BUI which provided for each 
of the cases referred to. Fortunately this Bill will be 
introduced into the Lower House by Sir Henry Roscoe,^ 

' so that the question will now be brought to a very 
! definite head. 

' Nothing, however, in the way of philanthropic reform 
is said ever to succeed unless it is violently opposed. 

‘ Violent opposition to the.present proposals has assuredly 
1 not been wanting, nor will apparently be wanting. At 
1 the time of the last epidemic, and ever since, the 
i anti-vivisectionists, turning from vilifying M. Pasteur's 
i charitable efforts, maligned the police, and, to parody 
the celebrated dictum of Spinoza, first asserted that there 
was no such thing as rabies ; secondly, that it was, 
contrary to religion (of humanity) ; and thirdly (this only 
recently), that the disease was well known, but did not 
require preventing. 

The diatribes of these people may be amusingly 
ridiculous, but naturally they are also mischievous. It is 
scarcely conceivable, in this present century of intel- 
ligence, that none of their subscribers should have seen , 
that they are really opposing the only known means of 
i counteracting rabies, and that their money is consequently 
I being spent to perpetuate this terrible infliction among uS. 
However, the infallible test of time is fortunately dispersing 
the mists of falsehood which have been so carefully spread 
around the subject. 

M. Pasteur’s splendid achievements have, as all 
scientific truth must, contributed greatly to the success 
of the movement fpr obliterating the curse from this 
country. For, attracted by the value of the work of the 
Pasteur Institute, and its single-mindedness, the Prince of 
Wales and the Lord Mayor of London have recently visited 
it, have seen the immense importance of the researches 
carried on ia the laboratory there, and they are in conse- 
quence greatly desirous of providing similar blessings for 
this country. The Lord Mayor, in order to give effect to 
the opinions he has so strongly formed, has summoned a 
meeting at the Mansion House for July i, at 3 p.m , and 
the Prince of Wales will write a letter in support of the 
same. At the last meeting of the Royal Society for the 
present session, held on Thursday, the 20th instant, the 
Society adopted a letter which had been drawn up by the 
President and Council, expressing sympathy with the 
Lord Mayor’s attempt to obtain some public recognition 
! in this country of the services rendered by M. Pasteur to 
science and humanity, and appointing the officers with 
Sir James Pa^et, Sir Joseph Lister, Sir Henry Roscoe,aiid 
Prof. Lankester, as their representatives at the meetings 
called by the Lord Mayor. 

The whole business of the meeting will be devoted 
to, first, the providing of a sum of money to be paid to 
the funds of the Pasteur Institute as a slij^t acknoitf; 
ledgment of the great benefits which the Institutei^Jii^- 
gratukously extended to over 300 of our fellow 
men threatened with rabies ; secondly, the fonihatfoo 
of a fund to c^ver the expenses Of poM peo^k 
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vfUing to Paris for inoculation and unable to sup- 
port themselves ; and thirdly, a strong resolution 
calling upon the Privy Council to instantly inaugurate 
such tnuzslmg and other restrictive measures as shall 
•definitely and finally exterminate rabies. The anti-vivi- 
section agitators, whose object it is, apparently, to keep 
alive rabies in this country, have opposed the meet- 
ing, which we hope will be crowded by genuine lovers 
of men and animals. The form their opposition has 
taken is <imusing to the last degree, since it consists 
of a petition, advertised in the daily papers, made 
of four or five headings, each of which may be called 
in question. In the very first paragraph it is stated 
that the Manager of the Dogs' Home in Battersea 
has passed a large number of dogs through his hands, 
and that he never saw a case of rabies among 
them. If this means that there has never been a 
case of rabies at the Dogs' Home, we believe evidence 
can be produced to the contrary. 

The innate falsity of this agitation is always 
making itself felt, and it is nothing more than 
Nemesis that the statements made by agitators in the 
hope of deceiving the public should be detected and 
exposed again and again. Such a statc.nent as that 
asserted to have been made by the Manager, even 
if he did make it, has no value in view of the in- 
controvertible facts of the police records of the ex- 
istence— nay, more, of the increase — of rabies in 
London. The Mansion House meeting will do much to 
blow away this miserable opposition, which attacks bio- 
logical science alone, knowing full well that no false sen- 
timent can be hashed up against physical science and its 
benefits to mankind. The object of the meeting is to 
honestly acknowledge our great indebtedness to M. 
Pasteur, to provide for our poorer fellow-countrymen gain- 
ing the benefits of the Pasteur Institute, and, finally, to 
stamp out rabies. 

No scientific man who really has the interests — in fact, 
the honour— of his country at heart will refuse his sup- 
port on this important occasion ; and we may well' hope 
that many will be found able to attend the meeting 
personally, to render the occasion worthy of the great 
chemist whose work has so essentially led to the suc- 
cessful performance of the hygienic measures now about 
to be executed. 


STELLA/^ EVOLUTION, 

Evolution and its Relation to Geological Time, 
By Jamas Croll, LL.D,, F.R,S. (London; Edward 
Stanford, 1889.) 

D tl. CROLL'S book, though chiefly dealing with the 
question of stellar evolution from the astronomer's 
point of view, calls in the evidence afforded by geology 
In fetvour Cfcf the theory which 1 $ set forth In its pages. 
The particulars of the theory are clearly stated, and the 
. )dew fabts which have been gathered since the theory was 
^ are fully considered. 

accepts the nebular hypathesis^of Kant and 
^ ^ asd detli mainly with the question ^of the pre- 


nebular condition. According to his theory, large cool 
dark bodies, moving with enormous velocities, were either 
created or were eternal ; and these colliding with each 
other here and there, the evolution of the celestial bodies 
was accomplished. With regard to the origin of these 
bodies endowed with motion, Dr. Croll states : — “ We ' 
are perfectly at liberty to begin by assuming the exist- 
ence of stellar masses in motion ; for we are not called 
upon to explain how the masses obtained their motion, 
any more than we have to explain how they came into 
existence. If the masses were created, they may as 
likely have been created in motion as at rest ; and if 
they were eternal, they may as likely have been eternally 
in motion as eternally at rest” (p. 3). It is argued that 
the heat energy which would have been derived from 
gravitation alone could not possibly have been equal to 
that which the solar system originally possessed. But 
there is absolutely no limit to the amount of available 
energy from Dr. CroH’s point of view. The most im- 
portant argument against the gravitational theory is 
undoubtedly the geological and biological one. The 
whole question of geological time rests on an estimation 
of the time during which the sun has been radiating its 
heat, and on this point Dr. Croll remarks : If gravita- 
tion be tlm only source from which the sun h.is derived 
its heat, then life on the globe cannot possibly date ^ 
farther back than 20,000,000 years, for under no possible 
form could gravitation have afforded, at the present rate 
of radiation, sufficient heat for a longer period ” (p 35), 
The adoption of i-angley s value (17 times that of Pouillet) 
for the rate of solar radiation reduces Helmholtz’s 
estimate of 20,000,000 years to j 2,000,000 years, and 
even this would not be available for plant and animal 
life, as millions of years must have undoubtedly elapsed 
before the earth was prepared for them. J'rof. Tail 
(‘^Recent Advances in Physical Science,” p. 175) 
has shown that, from the physical point of view, 

10,000,000 years is about the utmost that can be 
allowed for all the changes that have taken place 
on the earth’s surface since vegetable life of the lowest 
known form was capable of existing there," .Sir William 
Thomson states his conclusions on this point thus : In 
the circumstances, and taking fully into account all 
possibilities of greater density in the sun’s interior, 
and of greater or less activity of radiation in past 
ages, it would, I think, be exceTedingly rash to assume 
as probable anything more than 20,000,000 years of the 
sun’s light in the past history of the earth, or to reckon on 
more than five or six million years of sunlight for lime to 
come " (“ Popular Lectures and Addresses," p 390). 

It is not necessary here to enter into details of the 
various methods by which geologists and biologists have 
attempted to estimate the length of time which must 
have elapsed since the earth first received the heat of the 
sun. On this point Dr. Croll says : “ The grounds upon 
which the geologists and biologists found the conclusion 
that it is now more than twenty or thirty millions of years 
since life began on the earth are far more certain and 
reliable than the grounds upon which the physicist con- 
cludes ths^t the period must be less'* (p. 68). •Here 
again, it may be well to quote Sir William Thomson, 
who says:— What then are we to think of such 



^oo 


geological e&ti mates as 300^000^000 years for the 'denu* 
dation of the Weald'? Whether is it more probable 
that the physical conditions of the sun's matter differ 1000 
times more than ^dynamics compel us to suppose they 
differ from those of matter in our laboratories ; or that a 
stormy sea, with possibly channel tides of extreme violence, 
should encroach on a chalk cliff 1000 times more rapidly 
than Mr. IJarwin^s estimate of one inch per century?”^ 

But granted that the geological evidence is against the 
gravitation theory, it remains for us to see how Dr. 
Croll's theory bears the strain put upon it when the 
details of the evolutionary processes are inquired into. 

Accordingto the impact theory of Dr. Croll, meteorites < 
are but the fragments of sidereal masses which have 
been shattered by collision” (p. 12). The result of such 
a collision would be mainly to produce a gaseous mass, 
but some of the exterior fragments would have velocities 
sufficient to carry them beyond the influence of the central 
mass. This view is obviously in direct contradiction to 
the opinion held by Mr. Lockycr, who looks upon meteo- 
rites as the parents, and not the children, of sidereal 
systems. The explanation of the thumb-marks and the 
heterogeneous structure of meteorites which has been 
given by Mr. Lockycr (Proc. Roy. Soc., vol. xliii. p. 151) 
would apply equally to Dr. Croll’s view. 

Comets, according to the impact theory, have a similar 
origin to meteorites, Dr, Croll apparently agreeing that 
they are nothing more than swarms of meteorites. Those 
with elliptic orbits probably had their origin in the colli- 
sion which produced the nebula out of which the solar 
system has been evolved, whilst those with parabolic 
and hyperbolic orbits arc probably' the outcasts of other 
systems. 

The first condition of a nebula, according to Dr. 
Croll, is that in which it consists of broken fragments 
scattered through a gaseous mass of excessively high 
temperature. Mr. Lockyer's recent researches are con- 
sistent with this view, as lar as meteorites and interspaces 
are concerned, but they point to the opposite conclusion 
with regard td temperature. Mr. Lockyer's spectroscopic 
work has shown that the highest temperature is in all 
probability only reached by a nebulous mass after the 
complete volatilization of all the meteorites composing it, 
and he has shown that the intermediate stages which 
should occur on this supposition are actually represented 
amongst the stars, the stArs of Group II. being amongst 
these. This therefore furnishes a strong argument against 
the high-temperature theory of nebulae. 

According to the impact theory of Dr. Croll, the 
meteorites scattered through the gaseous mass have 
nothing whatever to do with the luminosity ; whereas, 
from Mr. Locker's point of view, the luminosity is in great 
part, if not entirely, due to collisions between the meteo- 
rites. Dr. Croll objects to this latter view because it 
^ does not appear to afford any rational explanation of 
this banging about of the stones to and fro in all direc- 
tions i for, according to it, the only force available is 
gravitation, and this can only produce merely a motion of 
the materials towards the centre of the mass" (p. 20). 
Dr. Croll has evidently given but little thought to this 
theory, originally advanced by Prof Tait, for it is obvious 
that all the meteorites would not lose all their momentum 

* reprinted in **?opulArLecttu<»find 

AddreBStt," p. 361 (MectaitUui. 1S89). 
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j by collisions during their first movements towards tiih 
[ common centre of gravity. Those which escaped collision 
would move on beyond the centre of gravity with con* 
siderable velocities, and would continue to oscillate to 
and fro until all their momentum was converted into heat 
by collisions. The banging about might therefore go on 
for a very long time, aild the observations made by Dundr,, 
and classified by Mr, Lockyer, show that this is probably 
the case. The increase of temperature would accordingly 
take place gradually, and not suddenly, as Dr, Croll 
supposes ; and further, the highest temperature would be 
associated with a certain class of stars, and not with 
the nebular themselves. 

Tfie subject of new stars is dismissed with very few 
words. The general view adopted by Dr. Croll seems to 
be that in such a case as Nova Cygni the outburst was 
due to the collision of a star with a swarm of meteorites. 
The spectroscopic evidence in favour of Mr. Lockycris 
view, that such an outburst is due to the collision between 
/wo swarms of meteorites, is not even referred to. The 
case of Nova Cygni, indeed, has an important bearing on 
theories of cosmogony. Its spectrum, as observed by 
Copeland when it was just fading from our view, was that 
of a planetary nebula. If, therefore, a nebula is at a 
higher temperature than a star, Nova Cygni must have 
got hotter as it got dimmer 1 

Dr. Croll shows that his theory explains other details 
of the structure of our universe, including the proper 
motions of stars and the origin of binary systems, but 
these need not be more than mentioned. 

Assuming that Dr. Croll has established that gravitation 
alone would have been incompetent to produce the heat 
originally possessed by the solar nebula, it is only 
necessary to reconcile this with the low-temperature 
theory of nebul®, as the high-temperature theory has 
been shown to be inconsistent with the facts. 

It may be suggested that instead of the dark stellar 
masses endowed with motion which Dr. Croll supposes to 
have been the pre- nebular condition, meteorites at great 
distances apart were endowed with similar velocities. In 
the first groupings, the collisions would only occur very 
rarely, and there would be more grazes than anything 
else, so that the average temperature might still be low 
in the earlier stages. Prof. G. H, Darwin ^ has recently 
shown that the conception of fluid pressure which is 
demanded by Laplace’s nebular hypothesis is not difficult 
to reconcile with the mcteoritic hy pothesis. I f we substitute 
meteorites in collision for the molecules of a gas impinging 
against each other, there would be a quasi-fluid pressure 
as the average result of the impacts of the meteorites, 
and the separation of the planets from the meteor-swarm 
would take place exactly as in a gaseous mass. 

A. Fowlek. 


TELEPHONE. 

The Telephone. By William Henry Preecc, F.R.S.,aii 4 
Julius Maicr, PkD. Pp» i - xvi., and 1-498. (Lorndmi : 
Whittaker and Co., 1889.) 

T his book is one of the ** Specialists' Series " of tecto*; 

nicai manuals now being issued by Mews. Whittaket 
and Co. Its aim is to give as full an account a* 

* Phil vol. oekwK. sp, 
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^ t^phony os a practical art, and the authors have force in that field, a current will be induced whose 
O^ftainly succeeded in inclosing' within the compass of strength is proportional to the strength of the field and to 
A handy octavo volume a vast amount of well-arranged the rate at which the conductor cuts across the lines of 
information on a subject hitherto unrepresented in force ” but it nowhere appears that a change of the mag- 
English by any systematic treatise. After two chapters, j netic induction through the circuit is the one determining 
comprising about twenty pages, on sound and speech, i condition of an induced current. The authors, indeed, 
and on such parts of electrical theory as are more imme- | as if to sum the matter up, conclude this passage with the 
diately connected with the action of the telephone, the { unqualified statement, which, as it stands, is not true ex- 
authors proceed to deal with the construction of the ; cept under certain conditions which are not stated ; ** In 
telephone, apd treat in detail the subject of transmitters ^ fact, currents are produced in a closed circuit placed in a 
and receivers of all kinds. This part of the book is very ; magnetic field, whenever any change whatever occurs in 
interesting, giving as it does an account of the principal | the intensity of that field,” If the circuit be so placed in 
forms of telephone receivers and transmitters which were the field that there is zero magnetic induction through it 
the outcome of the marvellous activity of telephonic ' the field may he absolutely annulled without producing 
research aroused by the publication of the inventions of | any current whatever. 

Bell, Edison, and Hughes. In chapter x. come tele- Again, on p. ]8 it is slated that “the energy of the 
phone lines and cables, and modes of installing them ; current in a coil at any moment is expressed by the pro- 
then chapters on auxiliary apparatus, and on terminal duct of the electromotive force (1'^) at the terminals of the 
and intermediate stations, lead up to the important subject coil producing the current, and ilie current itself (C), that 
of telephone exchanges, and appliances connected with is, W - KC.” Now, what is here called the “energy of 
their working, to which chapters xiv, to xx. are de- , the current ” is in reality the activity or time-rate of 
voted. Long-distance telephony is introduced in chapter ; working of the current. The energy of the current at any 
xxi., and systems of translation between the terminal 1 instant is the energy which would be evolved in the form 
networks, and the return wire or other induction avoiding j of a spark, or otherwise, if the current in the circuit were 
circuit between the two places, are fully described. Various 1 at that instant annulled. It is just this kind of misuse of 
problems of practical telephony are then discussed, such i the word energy that ha^ led to the popular confusion (very 
as multiplex telephony, and the numerous devices for ^ common among the so-called “ practical ” (1) men who- 
enabling several subscribers to work in one circuit. ’ have applauded the Quixotic crusade against theory and 
Chapters on the telephone as applied to the telegraph j “ theoreticians”) between work and rate of working, and 
service, its military uses in camp and in the field, and to the astounding proposition, not yet exploded in all 
finally some miscellaneous although important scientific quarters, that the efficiency of a motor is a maximum 
applications of the instrument, conclude the work. • when half the whole energy spent is wasted. 

Of the main body of the work the conient.s of which ^ There are various other points and some omissions in 
are briefly analyzed above, we have no remark to make i the introductory and theoretical portions which we had 
that is not commendatory. As has been already indi- i noted. The remarks on self-induction might be improved, 
cated, the work is full of most valuable practical details I and it would have been well to point out here that 
of actual working systems of telephony. The descrip- j conductors carrying rapidly-alternating currents (and 
tions of complicated apparatus and appliances arc full I telephone wires certainly do this) have, as Lord Rayleigh 
and clear, and bear everywhere the stamp of the work ! has shown, a virtually increased resistance due to the 
of men accustomed to exposition, and professionally j concentration of the cunent in the outer part of the wire, 
.acquainted with the subjects of which they treat. • Another point is the apparently unguarded application, 

In our examination of the work, we have noted a few ! made at pp. 123, 124, of the results of the theory of a 
points in which perhaps improvement might be effected slowly worked submarine cable to the transmission of the 
to a second edition. Most of these occur in the pre- rapidly alternating currents of telephones. The state of 
liminary chapters on the theory of the telephone, a part the case is much Jess simple than the authors here make 
of the subject in some ways much more difficult to treat it appear. Abo, it is not possible, with any approach to 
successfully than that which follows. For example, such accuracy, to regard copper wires, in this connection, as 
a phrase as that on p. 14— that in a current following the “ virtually free from electro-magnetic inertia.” But we 
eUnple harmonic law of variation with the time the have said enough as to these blemishes. They can be 
iftlectricity flowing is, ** so to speak, thrown into undula- removed by careful extension and rewriting of the intro- 
toiymotion”-Hsveryapt to create an erroneous impression duction. After all, it ought to be recognized that it is 
on the mind of a learner, and in no way describes what j impossible to give in a book on a branch of electro- 
4 CtitaUy takes place. What is thrown into undulatory technics any statement of theory which can supersede 
motion is not the electricity conveyed but the medium that full and detailed treatment which is indispensable, 
^ch forms its vehicle. and which must be sought in systematic treatises on 

i,; ^ p. 16 the phenomena of induction' of currents arc electrodynamics. 

with due precision/ It is stated that As to the more purely technical portion of the work, 
here be a magnetic field, and a conductor in that we have only to repeat that it is full and trustworthy, and, 
Itoy chaise in that field will produce the conditions moreover, remarkably well illustrated. There are several 
lotermli*® a current in that conductor.” No doubt statements made by the authors which might be ques- 
tietod immediately afterwards that, if a conductor tioned, but as these arc in many cases matters of dpinion 
>df a closed dt’tmit be moved a^rfiss a mag- rather than of actual fact, we need not enter into them, 
h direcdon at right angles to the lines of In conclusion, we have to say that this book is a 
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^iklfig1t«sttinony to the rapid development of telephony. 
Thirteen years ago the first rude model of a telephone 
was brought from America by Sir William Thomson* 
One year later, Graham Bell himself brought to Scotland 
and exhibited first in Glasgow, and Mr. iPrecce brought 
to England, the telephone receiver (then also used as 
transmitter), almost exactly as it is now constructed. 
But a vast amount of practical work of a most important 
kind remained to be done before telephony could be made a 
commercial success. Without, ‘however, waiting for this 
to be accomplished, a telephone line was immediately 
installed by Sir William Thomson between his house at 
ihe University and his laboratory, and between both 
and the workshop of his instrument-maker, Mr. White, 
in* Sauchiehall Street, and this (now merged in the 
Telephone Exchange) has been in daily use ever since. 
From this very appropriate first practical beginning has 
developed the present immense and continually extending 
system, whose wires form a network above all our great 
cities, which plays so great a part in the transaction of 
business, and even of ordinary domestic affairs, and 
which now enables men in different cities at great dis- 
tances apart to converse with one another by the living 
voice. All this has taken place in little more than ten 
years. Who knows what scientific wonders we may not 
see before a.P. 1900? But it is mournful to reflect that, 
as the applications of a scientific principle or invention 
become more and more wonderful, the thing itself excites 
so little interest among thej»eople at large who continually 
use it. This is, no doubt, in part due to our curiosity- 
and admiration-stifling systems of education, and in part 
to other causes, about which it is useless to speculate. 
But true it is, ^‘Familiarity breeds contempt and, by the 
ordinary member of the British public, the telephone 
will soon be as much used, quite as little understood, and 
regarded with just as little curiosity, as the wonderful 
machine which he carries in his pocket from his boyhood 
to the end of his life. , A. Gray. 


, OUR BOOK SHELF. 

Morocco. By H. M, P. de la Martinifcrc, F.R.G.S. 

(London: Whittaker and Co,, 1889.) 

In this book, which has been translated directly from the 
authors manuscript, M. de la Martinifere records the im- 
pressions produced upon him during journeys in the king- 
dom of Fez, and to the Court of Mulai Hassan. He had 
exceptional opportunities of making himself acquainted with 
the facts of social life in Morocco ; and in a simple, 
graphic, and clever naiTative he describes exactly what 
be saw, and the inferences that may be reasonably drawn 
from his observations. Upon the whole, his account of the 
condition of the people is most unfavourable, and every- 
one who studies the evidence he brings forward will admit 
that the regeneration of Morocco, by whomsoever or in 
whatever way it may be undertaken, will be no easy task. 
One of the few bright spots in the authors picture is a 
passage in which he praises wfiat he calls th^ refined 
taste of the Arabs of Morocco, This reveals itself in the 
industrial products of the country, in the decoration of 
the pavements and ceilings of their houses, and in the 
skill with which they mal^ colours in dress. They by 
no means display the same aptitude for science, which is 
generally regarded, from a religious point of view, As a 
forbidden subiftc t On the other hand, alchemy fiourisbes, 
and M. de la Martlni^re says there are many rogues who 


trade upon the creduW of the public. Some . 
route-maps and plans pmAtate the text, and a prefab la 
cphlributed by Colon^ Trotter. 

— — 

LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his corre^poneUnts . Neither can he umUr^she 
to reiumt or to correspond with the writers o^f^ refuted 
wsanuscHpts intended for this or any ether fart of NaTUko. 
No notice is taken of anenytnous cemmuniceUioHs.'\ 

The Hatchery of the Sun -fish. 

I HAVE thought that an example of the intelligence (instinct?) 
of a class of nsh which has come under my observation during 
my ejficursions into the Adirondack region of New York StatCf 
might possibly be of interest to your readers, especially as 1 am 
not aware that anyone except myself has noticed it, or, at least, 
has given it publicity. 

The female sun-fish (called, 1 believe, in England, the roach 
or bream) makes a hatchery for her eggs in this wise. Select- 
ing a spot near the banks of the numerous lakes in which this 
region abounds, and where the water is about 4 inches deep, and 
stul, she builds, with her tail and snout, a circular embankment 
3 inches in height and 3 thick. The circle, which is as perfect a 
one os could be formed with mathematical instruments, h usually 
a foot and a half in diameter ; and at one side of this circular 
wall an opening is left by the fish of just sufficient widih to admit 
her body, thus 



The mother sun* fish, having now built or provided her 
“hatchery," deposits her spawn within the circular inclosnre, 
and mounts guard at the entrance until the fry are hatched out 
and are sufficiently large to take charge of themselves. As the 
embankment, moreover, is built up to the surface of the water, 
no enemy can very earily obtain an entrance within the inclosntc 
from the top ; while there being only one entrance, the fish is 
able, with Comparative ease, to keep out all intruders. 

1 have, as 1 say, noticed this beautiful instinct of the Bim-firii , 
for the perpetuity of her species more panicularly in the lakes, 
of this region ; but doubtless the same habit is common to these, 
fish in other waters. WitLIAM L. StOHV. 

Jersey City Heights, N.J., U.S*A., May 30. ; 

, Black Rain. / ; 

On Friday, April ta last, the rain Is stated to have comh' 
down black during a th^derstorm at places distributed oirhr 4 ' 
considerable area fit the County of Galway, King's Coonly, 
County of Tipperajy. ; > 

I was in England at time, and after my return to 
on bearing of the rain-water Wng blocdt in tMtattks at j 

house, 1 wi$ at first scejnM as to its origlTt, at a btayy shuuiw!'' 
after a spell of tolerably diy weather have brotu^t 
much dirt from the rom and h^ocft t 
tunitiee' of obtaining 'samples at ohce. ■ . ‘ ^ 

■■■ ■ '■ 
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bowtfve^ that other adghbours had noticed the sarTie^' 
tliift£« and tb 4 t at Gotden Grove, near IU»cr^^ the workmen had 
ebaemd that not oftly the water Id barrels wa$ blacky and 
am even next mothin^ *^}ike Itik/^ W also chat there waa a 
decided bUckness and scum in the pools on the carriage dfive, at 
aome dtatwioe from any chimoey> 1 was convinced that the 
blodcness had come from the thunder-cloud. 

At to great a distance {about >00 miles) from any lai^e amoke- 
producing town this was somewhat remarkable. 

I Was able to procure from one place, from near Eyrecourt, 
Co, Galway^ through the kindness the Rev. C. Lawrence, of 
Utmaghan, Eyrecourt, a sample of the water. It is stated to 
have mn of a dark blue colour, but when it reached my hands 
it had become pale reddish brown, with a considerable amount 
of solid matter in suspension. 

Dr. W. J. Ruiisen, F.R S., has been good enough to examine 
the sample, which appears lo behave in all resj^ects much as 
London rain water, except in being free from acid reaction 
(this may be due to previous impurity in the collecting vessel). 
The amount of sulphates is r-^reaented by 0*074 gramme of 
H|SO^, and of chlorides by g *066 gramme of llCl, in a litre. The 
softd matter is devoid of structure or of crystalline form, and 


or rain, but at a greater elevation into snow. Now, supposing 
the rain formed in the lower region to be drawn up tfw 
ascending current into the snowy region, and so held for a short 
space, the drops will be frozen, and then if propelled beyond the 
gyrations it will fall to the ground as a shower of ordinal hail. 
But if in the descent they are apain drawn in by the inffowing 
current, they will be again carried up into the cold region, and 
so acquire another coaling of snow, or, if wetted in the prevkius 
descent, the water will freeze into a coat of transparent ke. In 
this way the globule may make a number of ascents and descents, 
and acquire afresh coating each time. 

From the date of Frank tin's experiments even to our own 
I day, the formation of hail has been attributed to electricity. 

! Even so go )d an observer as Feltier (“ Metdorologie,” p. 116), 
j while rejecting Volta’s theory, offers an electrical theory of his 
; own, with the complacent remark that *' Volta a plac^ des 
supiwsitions oil je place des faits ; ” but Dc la Hive, in 
noticing Olmsted’s theory, very proi:>erly remarks that although 
electricity always accompanies the formation and fall of hail, 
these two phenomena are not connected as cause nnd effect. 

Highgatc, N., June 20. C. T0M1.IN6ON. 


appeam to be soot. The specimen h', however, the less aatts- 
factoTT from having been taken from near a hoUfte where coni has 
been burnt. 

I understand that the rain was black near Shinrone, King’s 
County, and that a few blackUh drops were noticed at Dundrum, 
near Cashel. From Bally more Castle, near Ey recourt, where 
the sample was obtained, to Golden Grove, the distance is about 
33 statute mile<, and Shinrone is between them. From Eyre- 
court to Dundrum is about 48 miles. Mr. Lawrence tells me 
that the blackness of the rain was noticed by several of bis 
neighbours, and that a laundress kept the water three weeks in 
the barrels, and had then to reject it, as it was still loo mudi dU- 
coloured. 

Possibly it may lie worth noting that two days before (April 
10) there was an intense blackness like that of a moonless night 
in London, between 12.30 and 1.30 p.m., but I have at present 
no evidence to connect it with the phenomenon above described. 

Athenaeum Club, S.W., June 18. Kosse. 

On the Theory of Hail. 

Ix last wcek*8 Natuue (p. 15 1) Prof. Robinson gives an account 
of a hailstone that fell at f.iverpool on the 2nd instant, consist- 
ing of an opaque nucleus, surrounded by almost clear ice, and 
this b^ opaque ice. 

Hailstones formed of concentric laj^rs, like the coats of on 
onion, are by no means uncoiqmon. The number of layers has 
been known to amount to as many as thirteen (A/fit^rican Jmrnal 
0 fS£ienct^ I,, 403); but the statement that such a structure is 
formed, as Prof. Robinson supposes, “during electric osciffation 
from cloud to cloud/' belongs to a theory that has often been 
disproved. Nor would it probably have excited much attention, 
to Biat it originated with ho leas a man than Volta, who, seeing 1 
bow pith balls and other light objects oscillated between two | 
neiai plates in opposite electrical states, im^ined that the hail- ! 
Slone a^uired its successive coatings by osciitating between two 
cUmdi in opposite states, until its weight became too great for the 
electric force to sustain U against the gravitating force. 

T^c two most distinguished writers who have examined this 
fheoiy, and have shown its futility arc Kamiz {LehrhHch^tfer 
il, 525) and Becquerel (^' Traits dc rElcctricUe/' 

Iv. <Si). 

The theory of hail which sckatlfk meteorologists now accept, 
origtokd With Ifrof. Olmsted ^ of Vale College (I, have not the 
vefhrCace hand to the Ammam 0/ ScUnce^ but see 

Nm /Wi/, lx. 244), “Thk theoiy Ims received 

Ik hnhhto touches In riie papers of the United States Coasts 
Surw V* Meteorological Researches for the use of the Coast 
Wrt ii„ p. Wst Wiwbfngton, t88o). The writer is Mr. 
WlHiam Ferrel, 

Ltotto pur notioe to such compound hailstones as the one 
dwi^tot fey ftpl Robinson, which from their site and velocity 
usfetha most desttUctivcr and are produced during a tornado or 
i MMetstmrrn, the Mowing is in few words the 

(heir fbrmaaon. When the wind gyrates rapidly 
\ 09 ^ more, or less inclined to the earth, the space at 
: ^ is When air ctoged with vapour 

' i this space, it maybe condensed into cloud 



Curious Effects of Lightning on a Tree. 

Durini; the recent thunderstorms a large elm tree was struct 
by lightning in a private park at Dulwich, but the only visible 
effects were linear interrupted grooves about } inch deep, ex- 
tending down one side of the tree to the ground, where two or 
three depressions- some 3 inches deep w'cre found. The bark is 
scooped out as clearly as if done with a gouge, and the intervals 
are from i to 2 feet in length, while the grooves themselves are 
from I to 3 feet in length. The grooves are now filled with 
mildew, which, I lake it, indicates the death of the adjacent 
bark. I have often seen trees which have been struck by 
lightning, but none in which the effects have at all resembled , 
those I have described. ALFRiiD S. Gubb. 

Gower Street, \\,C, 

j The Formation of Cumuli. 

I A VKRY perfect illustration of the method of formation of 
! cumuli was noted by tlie wi iter recently. A perpendicular column 
of smoke was seen capped at a vast height by a rounded mass of 
cumulus cloud having a flattened under surface. The ascending 
warm current being traceable by the smoke, and the cloud- caj> 
very distinct and persistent, the api>carance was very striking, 
the sky in the vicinity l>eing intensely blue and otherwise 
cloudless. M. A. V£Ei)E«. 

Lyons, N.Y., June 10. 

Coral Reefs. 

The business of the surveyor abroad is not with theories. It 
is to collect facts ; to apply the resources under his command to 
the delineation of the earth’s surface ; and to examine the bottom 
of the ocean. When ho begins to theorize, he may be suspected 
with some reason of bias, and of insensibly colouring his re- 
ports with preconceived notions of what he expected to find, 
instead of carefully storing up evidence. He is, however, at 
iitofy to .study the writings of our great naturalists, and to hini 
Darwin is, at pieseni, the great authority : not so much the 
young naturalist of the Ihagk^ as the m attired thinker who, after 
(oTiy years of deep rcsenrcli into various problems of Nature, 
pnmished that edition of “Coral Reefs” which has been before 
the world for the lost fifteen years. 

With your permission, I desire to ask two or three question*, 
of those gentlemen who are unable to reconcile their views with 
Mr. Darwin’s theory of subsidence. 

The Fiji Islands present the most complete collection of coral 
reefs in the world. We have there the fringe reef, the barrier, 
and the atoll j islands which have a barrier all around them, 
others where it is sunken on one side ; the island, such a^* 
I^kcmba, where there is a fringe on one aide and a barrier ou 
the other; ax Tbithia, which is surrounded by fringe# only. 
There are extinct craters, Fuch as Fulanga, and islands with ex- 
terior rim and depression in the centre, the formation of which 
is apparently not due to the volcanic action ; islets on the edge 
of atolls like Ngde ZjCVU whidi ore wholly coral, others of coml 
in the centre 01 lagoons. In the same locality may he found 
islands which have a fringe to windward and barrier to leeward, 
iiM those WfeiGh ha^ a fringe to leeward and a barrier to wind- 
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wMrdt One islaad whidi U about the gize of Jamaica, haa a 
Mnge on one side and an extensive barrier on the other. Shells 
and coral have been found at great heights, and there ate many 
evidences of upheaval. One small island, called Vatu Lelle, 
appears to be laised on one side and depressed on the other ; 
the raised coast is fined with a fringe-reef, the submerged by a 
barrier. 

In the Lau group, there are two fine barrier reels^those of the 
Exploring Isles and the Bukatatanoa. Inside the lagoons of 
these and other reefs, there are an infinity of coral banks with 
various depths of water over them, many being mushroom* 
headed. 

The prevailing wind throughout the Fiji group is east-south- 
east. unquestionably the coral is in most vigorous growth 
where there is the most violent surf ; and no matter what the 
current, it is in least vigorous growth on the lee nr north-west side. 

1 believe that it is not inconsistent with the theory put forward 
by Mr. Darwin that, in the same group, some islands should be 
rising and some falling at the same time ; nor that an island should 
have fallen to a certain level and have then undergone a move- 
ment of upheaval. If this be so, there is nothing, as far as one 
can see, in the Fiji group which disproves subsidence as the 
origin of barrier reefs. Tne questions which 1 desire to ask are 
these : — 

How does Dr. Guppy account for the remarkable similarity 
in many instances in this group, between the shape of the barrier 
reef and that of the coast of the island within it ? As examples, 
I would point to the islands of Nairai and Ngau, and to the 
correspondence in form between the north-east horn of the 
barrier of the Exploring Isles and the nearest cape of Vanua 
Mbalavu with its oflf-lytng islets. 

In the case of the Bukatatanoa reefs, how does he account for 
this great rim being all much ou the same level, except by the 
supposition that it commenced its growth bh the same contour ? 
or tor the cleanly-cut ship channels which occur on the weather 
side of some of the barriers, except by the supposition that the 
growth was originally checked by tne streams from the land? 

It is, I believe, universally rndmitted that there are targe areas 
of elevationr— such, for instance, as the New Hebrides— and 
corresponding areas of depression. What form, does Dr. Guppy 
suppose, is assumed by the growing coral on the coasts of the 
descending islands ? 

Let me draw attention to Kandavu. To the north of this 
island there is a barrier reef inclosing a chain of islands of 
volcanic origin, and gradually decreasing height. The most 
northerly islet, which is a mere rock ^now ^^^mounted by a 
lighthouse), stands in the centre of a circular barrier of great 
symmetry. The highest part of Kandavu is over the western 
end, and here there is comparatively little coral. Has not this 
group every appearance of a range of mountains, the northern 
half of whicl) is sinking beneath the ocean ? There are many 
strings of islands in Fiji and eleswhere the position and corat 
surroundings of which seem to be accounted for only by the 
theory of subsidence. 

Mr. Darwin did not visit Fiji ; but it is worthy of note that 
Mr, Dana spent five months there, and enjoyed peculiar ad- 
vantages of examination, and that he left it convinced of the 
general truth of Mr. Darwin’s theory. 

8 Ashburton Road, South.sea. W. UsBORNS Moore. 

Hydrophobia. 

I THINK it cannot fail to interest some of the readers of 
Nature to know what is written “in the Talmud of old— in 
the legends the Rabbins have told *' about this baneful malady. 
I have therefore translated a fragment preserved in this ancient 
work, which, read through the mist of ages and wrapped in the 
garb of expressions and ideas of a long-ago past, may be of 
value to the antiquarian, and perhaps not wholly uninteresting 
to the man of science. A. D. 

June II. 

“ It is not permissible to give to a person bitten by a mad dog 
from the lobe of the mad do^s liver, but Rabbi Matya, the son 
of Hheresh, considers it permUsible '' * (“Mishna,” “Tractate 
Yoma," p. 83). 



mihrttKra of opinion is m consequancs of the pro^icribed remedy being held 
m bft only imsgioaiy on the one ride, and a real one on the pan of R. 


** He who is bitten by Thn Rabanaan have 

learnt that there are hve |ildmriei|W| V rabies, viz. open moatln 
dripping saliva, elongation resting on buttocks, and 

wandering along the sides Of There arc some who 

add barking without sound. does this come about ? Rav 

says that witches have practiiad tbeir sorceries upon them, and 
Samuel says an evil spirit has i^ted upon them. 

What deduction may be made from this difference of opinion ? 
That the mad dog shoidd be killed by means of a wea^n hurled 
from a distance, fer in accordance with the view held bv Samuel 
we learn that the dog, when killed, should be despatched from 
a distance. He who has come into contact with a mad dog by 
the animal brushing against him is in danger, and he who has 
been bitten by a mad dog is in peril of his life. 

** He who has come mto contact, dcc.’^ What precaution 
should he take ? He should divest himself of his robes and run. 
Rav Huna, the son of Rav Joshua, came into collision with a 
madt dog in the street. He threw off his robes and ran, ex- 
claiming, “ 1 illustrate in my own person the Scriptural verse, 

* And wisdom is a source of life to those who possess her.’ ” 

“ He who is bitten, &c.” What precaution should he adopt ? 
Abaya says he should obtain the skin of a male ape and write 
thereon, “I, so and so, the son of so and so, write upon thee, 
*Kanti, Kanti, KiJoroth,*”^ and those present should respond 
“Kandi. Kandi, Kiloroth,' the Lord, the Lord, the Lord of Hosts, 
Amen, Amen, Selah." He should then throw oft his clothes 
and bury them in the burial-place for twelve months, after which 
he should recover them and burn them in a furnace, scattering 
the ashes across the roads. 

■ During these twelve months, if he should drink water he 
should do so only through a copper tube, otherwise he might see 
the reflection of the demon in the water held in the vessel, and 
suffer dangerous consequences. 

It is said of Aba, the son of Matya (he is Aba, the son of 
Menimah), that his mother made for him a tube of gold 
(“Gmard,*’ “Tractate Yoma,” p. 84). 


■ SIR LYON PLAYFAIR ON UNIVERSITIES. 

\^E congratulate Sir Lyon Playfair on the admirable 
VV speech he delivered last week in the House of 
Commons on the Scottish University Bill. It was a 
powerful and luminous expo.sitioa of the true functions of 
Universities, and of the duty of the State with regard to 
the highest departments of education. 

Speaking of the fact that the adaptation of degrees in 
Scotland had not followed the steady improvement in the 
education of the people, Sir Lyon Playfair said : — 

D^ees remained much as they were two or thi^ 
centuries ago. The University was not a technical school, 
but a school to introduce culture into the professions. 
Unless that culture were introduced there was no 
justification for professional schools in the Universities. 
The via antiqua ought to be replaced by a via mod$ma. 
The Commission of 1878 proposed to open five gateways 
of knowledge-“the gateways of literature and philology, of 
philosophy, of law and history, of mathematical sciences, 
and of the natural sciences. Now there was a great 
difference between the Universities of rich and of poor 
coilhtries. The Universities of poor countries must test 
on the professions. The rich men of Scotland went to 
Oxford and Cambridge, whereas those who attended the 
Scotch Universities had to earn their bread by a profes^ 
sion. Unhappily those professions were now being taught 
without culture ; that Ms, with the exception of theology, 
the men went through the technical part of their educa-^ 
lion without taking a degree in arts, though there was a 
sort of matriculation examination, which dfd not repres^ 
a very high degree of culture, tn that way the great 
medi(^ schools were technical schools which gave length 
but not breadth of education. One of the greatest refornts 
to be attained waste carry out recommendations df 
1873 so that, by proper courses in arts^ cultute might W’ 
restored to the jwofessions.^^ 

Sir Lyon FSayfeir spoke as follows 
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QKBdt in tbe Bill for aa uik:r«a«e in the vole for the 
Scottish Universities 

“The increase of in the vote was no striking 

example of ParHatnenMjrjgonnrosity when measured by 
the enorts of other countries^ Reference had been made 
to what had been done in Holland, a country with a 
revenue of nine millions, and a population about the same 
as that of Scotland. Holland gave ^136,000 to her 
Universities. The case of France was equally striking. 
The French Institute discussed for a whole week why it 
was that thej^eat crisis in her history produced no men 
of ability in France. The decision they came to was that 
the reason was to be found in the decay of the provincial 
Universities. Since that time the French Government 
had spent 3, 2 80,000 on the provincial Universities, and 
voted half a million a year for their support. Then Gcr- 
itiany had spent ^^711, 000 in order to build and equip the 
University of Strasburg, which they endowed with ^46,000 
a year. This country must be prepared to spend more 
money on higher education not only in Scotland, but in 
England. Modest, however, as was the proposal of the 
Government, he was rejoiced at the disappearance of the 
abominable finality clause. There was no finality in 
knowledge or the progress of science. Notwithstanding 
the stern aspect of the Chancellor of the Exchequer, we 
could not help ourselves. We must be prepared to ade- 
quately support our Universities, and to make sufficient 
provision for higher teaching in all our great towns. 
Though he thought the provision inadequate for what 
the Bill proposed, he had perfect confidence in the 
generosity of Parliament that, having begun the reform 
of the Scotch Universities, they would ta& care that the 
reform was thoroughgoing. In the Scotch Universities, 
while the number of students was very large relatively to 
the number of teachers as compared with, say, the German 
UnlversitieSj they had one Professor for one single subject. 
For the Chair of Chemistry in Edinburgh, for example—a 
chair which he hatl had the honour to hold— there was 
but one Professor, whereas in any moderate-sized German 
University there were four or five. They must add 
largely to the teaching staff of the Universities in 
Scotland if they expected them to become prosperous. . . . 
The teaching Universities in England had one student 
to 3500 of the population ; in Ireland there was one 
student to 2040 ot the population ; while in Scotland 
there was one University student to 580 of the population. 
Therefore, the roots of University education had, gone 
seven times wider and broader among the people of 
Scotland than they had done either in England or in 
Ireland. The object had always been to try and evolve 
brain power from all capable citizens, and it was this 
which had made Scotland what it was. Nevertheless, it 
was his deliberate opinion that Scotland was decidcuily 
behind England in education. The English Universities 
had been adapting themselves to the changing conditions 
of the world largely, and the Scottish Universities 
1^4 been remaining Iwhmd in modern wants altogether. 
The lion rampant in Scotland had been standing on its 
hind legs pawing tbe air, while the lion passant with Its 
fore-foet on the ground had been going ahead ; and it was 
beontot of that consideration that he was extremely 
atiaious to see this Bill paj^s into law.’’ 


Tff£ OXFORD VNJVEnSITY OBSERVATORY, 

^PHE Savilian Professor of Astronomy, in his .Annual 
Report) read on June jy thiis refers to the work 

^^addidon to the statutable lectures, four others were 
on the recent speculations concerning the con- 
of the sidereal universe, in relation to possible 
^ sions. 


ation of the macro-micrometer, mentioned in 


the last Report, has been completed by Mr. Simms, who 
originally constructed it ; and it has since been in con- 
stant use. The mounting of the De la Rue instrument 
has been provided with a slow motion in right ascension, 
of a peculiar and delicate construction, and set in motion 
by electro- magnets ; the driving-clock also has been 
thoroughly renovated in the parts which exhibited the 
eflftcts of wear. The object of all these extensive im- 
provements is to make it possible to expose photographic 
plates during those lengthened periods of several hours, 
rendered necessary for the purposes of the recent modifi- 
cations of astronomical inquiries. These improvements 
have been so recently effected, and the twilight is at pre- 
sent so protracted, that it has not yet been possible to 
fully test their practical efficiency on the skies. 

The mounting of the Grubb equatorial has been com- 
pleted. It is now furnished with automatic driving 
apparatus of the most modern and efficient construction, 
well worthy of the high reputation of its eminent con- 
structor. The visual object-glass has been refigured, and 
is now in a greatly improved condition. The tube of the 
photographic telescope is in siiu, but the object-glass of 
13 inches’ aperture, meeting the conditions required by 
the International Congress, has not yet been supplied by 
the maker. Two experimental object-glasses have, how- 
ever, been already examined, but their performance did 
not prove satisfactory. Prof. Pritchard is now expecting 
the speedy arrival of a third, which, he is assured by Sir 
Howard Grubb, will relieve him from further anxiety, and 
place him in a position to prosecute the essential pre- 
liminary operations necessary for the International^ 
scheme. 

All these important renovations and additions, so neces- 
sary to practical astronomy in its present phase, have 
been provided by the unsolicited generosity of the late 
Dr. De la Rue, Prof. Pritchard expresses deep regret 
— which he has no doubt is shared by the Board of 
Visitors— that their lamented and munificent friend did 
not live, as he had hoped, to see the fulfilment of 
his anticipations in connection with this judicious 
expenditure. 

The first extensive series of the observations connected 
with the new application of the photographic method to 
stellar parallax, as applied to stars of the second mag- 
nitude in the northern hemisphere, has been brought to 
a conclusion, and is now, through the liberality of the 
Delegates of tii€ University Press, in course of printing. 
The volume, it is hoped, will be distributed amon^ astro- 
nomers in the course of a few weeks. It co^jtorises no 
less than distinetdeterminations of stellar ^rallax : 

these are applied to eight stars, referred in most oases to 
four faint stars of comparison. Progress also has been 
made in the continuation of the like observations to other 
stars connected with the general scheme. Prof. Pritchard 
has had the gratification of finding that this method of 
parallactic determination, which was originally devised at 
Oxford, is in process of adoption at other well-known 
Observatories. 

At the request of Dr. Gill, he proposes to assist in a 
scheme of pnotographic observation of the minor planet 
Victoria, for the determination of solar parallax during 
the present summer ; efficient assistance, however, can be 
rendered in this direction only on the condition of the 
arrival of a satisfactory object-glass from Dublin, 

He has been engaged in the examination of a Wedge 
photometer for the Observatory of Pulkova at the instance 
of its eminent Director, It is not without some satisfac- 
tion that he finds that this method of photometry is likely 
to be employed in other Observatories. 

The Director states that tbe various operations men*- 
tioned above could not have been thus efficiently com- 
pleted without the continuous and intelligent co-operation 
of the two able assistants, Mr. W. E. Plummer and Mr. 
C. A. Jenkins. It has been a source of great gratification 
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%6 hitn Mr, PIummer’B ability has be«ti recoj^aiaed 
by the Royal Astroaomtcal Society In their selection of 
bmv for a seat on their Council, 


yO/fA' PERCY, M,D, F,R,S. 

B y the death of Dr, Percy, on the J9th inst, this 
country has lost a distinguished man, who has greatly 
influenced lu metallurgical progress. 

He was born in 1B17, and at an early age entered the 
Medical School of the University of Edinburgh, where, 
at twcnty-cme, he took the degree of M D, He sub- 
sequently became Physician to the Queen’s Hospital at 
Birmingham, and the few papers he published on medical 
subjects show that he would probably have risen to 
eminence in medicine had it not been for the fact that 
in the great metallurgical centre of the Midlands his 
studies were soon diverted to the particular line of work 
to which his life was ultimately devoted. This is not 
perhaps surprising when it is remembered that the con- 
nection between therapeutics and metallurgy has been 
traditional since Ihe days of Paracelsus and Agricola. 

When we look back at Dr. Percy’s career, the remarkable 
fact stands out that notwithstanding the great importance 
of metallurgy to this country, with its vast industrial 
interests, there was no metallurgical treatise worthy of the 
name until he wrote one; and, what is stranger still, up to 
the time when he accepted the chair in the Royal School 
of Mines, in 1851, there was no systematic teaching of 
metallurgy.. Dr. Percy found it practised mainly as an 
^ empirical art Sir Henry de la Beche indicated the direc- 
tion the teaching had to take, and in his inaugural dis- 
cotirse as Director of the School of Mines, he said, “ We 
still too* frequently hear of practical knowledge as if, in a 
certain sense, it were opposed to a scientific method of 
accounting for it, and as if experience without scientific 
knowledge were more trustworthy than the like experience 
with it.*'. Reference to the pages of the Journal of the 
Iron and Steel Institute will show that this, the most 
practical body of men in the world, not only thoroughly 
recogniaes that mere empiricism would be fatal to in- 
dustrial success, but constantly appeals to science for 
guidance, This is in great measure owing to Dr. Percy’s 
teaching, and is not the. least important of its results. 

Ten years after he began to teach, he published the 
first volume of hi* treatise on Metallurgy,” which he 
dedicated with sincere respect and affectionate regard” 
to Faraday. ' This work, which he calls the ” task of his 
life,” has developed into a scries of volumes containing 
3500 octavo pages. One remarkable feature of these 
books is that almost cverv woodcut may be regarded as 
an accurate, though small, mechanical drawing, and it is 
only measurable drawings of this kind which arc of real 
utility in practice. Treatises such as his naturally em- 
body descriptions of processes furnished by those actually 
engaged in conducting the operations— aid which was 
always most fully acknowledged. The thoroughness of 
bis own lesearch is well shown by the careful digests of 
monographs, which were gathered from all kinds of 
sources ; and it is evident that immense pains were 
bestowed upon the work. Some years ago a foreign 
friend, himself a laborious and conscientious author, 
forcibly expressed to the writer' his appreciation of Dr. 
Percy’s lawurs, looking up from one of the volumes and 
exclaiming, “ Cesiimrme ce qu'il a compilL^^ 

It may perhaps be admitted that his intolerahce of in- 
accuracy at times led tunf to magnify points which now 
teem to be somewhat trivial, and he sometimes with- 
holds the expression of his own opinion when the reader 
has fairly a right to expect it> and would be grateful for 
the subppn of his authority. 

With the notable exception of a process for the extrac- 
tion of silver from argentiferous ores and residues, he can 


hardly be said to have oTiglmded any important 
cal process ; put his works with siiggestiona,attd 
improvements In metaHurgical practice can be dtrectlv 
traced to his teaching. Such » the case with the practice 
application of the baste process for diminating fdKS- 
phonis in the Bessemer converter— a process « truly 
national importance, and one which has been widely 
adopted in other countries. It may fairly be claitnea 
that during the thirty years he held his chair he trained 
a body of scientific workers in whose hands the immediate 
future of metallurgy to a great extent rests. 

Remarkable evidence as to the strength of his in^ 
dividuality is afforded by the fact that those who were* 
admitted to his friendship, and even his students who 
only saw him in the lecture-room or laboratory, were all 
singularly attracted to him, notwithstanding the occasional 
rug^edness of his manner. The purity of his style and the 
ouainlness of his illustration recall the writings of another 
doclor, Sir Thomas Browne, making, of course, due allow- 
ance for the difference of the periods at which they wrote. 
The subjects he dealt with were very diverse, and it would 
be interesting to collect his trenchant letters, which ap- 
peared in the Times, usually over the signature Y. One 
especially occurs to the writer. Dr. Percy was charged 
with the superintendence of the ventilation of the Houses 
of Parliament, and amusingly describes his difficulties in 
meeting the varied and often contradictory requirements 
of the members, as 10 the tcmp)crature best suited to their 
work. He was an honorary member of the Institution of 
Civil Engineers, and held the office of President of the 
Iron and Steel Institute in 1885, having received the 
Bessemer Medal of that Institute in 1877. His artistic 
skill was considerable, and he possessed a fine collecfimn 
of water-colour drawings. 

Two days before his death the Prince of Wales 
awarded him, on the nomination of the Council, the 
Albert Medal of the Society of Arts. Dr. Percy was stiB 
able to appreciate the honour which had been done him^ 
and received the intimation with the characteristic words 
almost his last, ‘‘ My work is done,” 

W. C. ROBltRTS-AUSTEN. 


HENRY WILLIAM BRISTOW, ERS. 

M r. BRIST 0 W'.S death, which we briefly chronicled 
last week, require# a fuller notice. With him 
passes away one of the gentlest and most courteous of 
English geologists —one whose associations connected 
him with the magnates of geology in the early decades 
of this century, and whose death breaks another of Ihc 
links that unite us personally with that heroic time. 
Born in 1817, he was the only son of M^or-G^eral 
H. Bristow, a distinguished officer, who devoted himself 
to the cause of Spain, where be died, and received the 
honours of a public funeral. Mr. Bristow suffered from 
an inveterate deafness. An old school-fellow, speaking of 
his boyish days not long ago, remarked that he was aa 
deaf then as he was even late in life. This ailmeht was 
undoubtedly a life-long hindrance to him, for it kept him 
from mingling as freely among bis associates, and talcing 
50 public a part, as his tastes and abilities would have 
prompted and fitted him to do;* 

When twe^>ty-fivc years of age, he joined the Geok>i^cdl . 
Survey under Sir Henry De la Beche, and he remained 
in that department of the public service for the 
space of forty*six yearst Most of his scientific work mm 
done for the Survey, and is to be found in the offiokU 
maps, sections, and memoirs. It is thus, perhaps^ JaM; 
generally known than that of some of his cwleagiiei , nf ho 
have published communications in the miore widely 
lated scienti^ jotirnalsi To those, bowesjor, vdmsr.eo# ; 
nf>preciate accurate and artistic mapping, 
hedidi more partib»lar}yammg 
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t^pfsetshire and the Isle of Wfght, will always possess a 
vpecild vftkie and charm. It was among the earliest work 
<» Us kind, and to this day may be taken as a model of 
admirable geological cartography. His memoirs, too, 
arc rcma^ablc for their lucidity of statement and clear 
presentation of fact ; also for a certain literary * and 
antiquarian flavour thoroughly characteristic of the 
author. 

In the last fifteen or twenty years of his official life , 
Mr, Bristow's time and thought were mainly given to the 
duties of administratmn required by the high appoint- 
ments to which he was promoted. Under Sir Roderick 
Murchison he became one of the two districUsurveyors 
charged with the immediate supervision of the field work 
in England and Wales, and on the death of that chief and 
the promotion ol Sir Andrew C. Ramsay to succeed him, 
Mr. Bristow was appointed Senior Director, an office 
which he held until his retirement last summer. 


July 2. The following papers have been offirred for reading and 
discussion Description of the lifts in the Eiffel Tower, by M. 
K, Ansaloni, of Paris (this paper will be supplemented by 
results of working to date, communicated verbally by M. 
Gustave Eifiel, President of the Societe des Ing^nieurs CiviU) ; 
the rationaliration of Regnault's experiments on steam, by Mr. 
J. Macfarlane Gray, of Uondon ; on warp weaving and knitting 
without weft, by Mr. Arthur Paget, Vice-President, of Lough- 
borough; on gas-engines, with description of the Simplex 
engine, by M. Edouard Delamare-Deboutteville, of Rouen ; 
on the compounding of locomotives burning petroleum refuse in 
1 Russia, by Mr. Thomas Urquhart, Locomotive Superintendent, 

I Grazi and Tsaritsin Railway, South-East Russia ; description of 
I a machine for making paper bags, by Mr. Job Diicrden, of 
; Burnley, communicated through Mr. Henry Chapman, honorary 
! local secretary. 


Yet in spite of the pressure of his official duties, which | 
^cw greater as years advanced, Mr, Bristow contrived to 
find leisure for various pieces of literary work. Perhaps 
the best known and most useful of them was his ! 

Glossary of Mineralogy,' ~a volume which has long ' 
been out of print, and in the preparation of a new edi- | 
tion of which he looked forward to employ himself ■ 
■durit^ the present year. He also edited translations of | 
Figuieris La Terre avant le Ddluge ” and Simonin's “ La ' 
Vie souterraine,” besides furnishing mincralogical and ! 
geological articles to Brande’s “ Dictionary of Science, j 
Literature, and Art," to Ure’s “ Dictionary of Arts, ! 
Manufactures, and Mines," and to the geological journals. ; 
But it is on his contributions to the Geological Survey | 
that his scientific reputation will mainly rest. His last 
work was the revision of the proof-sheets of a new edition I 
of his classic memoir on the “Geology of the Isle of ' 
Wight " — a volume which is now in tne press. He did I 
not live to see its publication, and to receive the congratu- 
lations of his friends on its appearance as the crowning 
work of his scientific career. Mr. Bristow has carried 
with him to the grave the affectionate regrets of his 
colleagues and of all who ever came in contact with his 
genial kindly nature. 


NOTES. 

Dr. Archibald Guikie has been elected a corresponding 
member of the Physical and Mathematical Section of the Royal 
Academy of Science, Berlin. 

On Thursday lost, the aoth inst., a dinner was given in Paris 
to Prof. Francis Darrin, by the members of Scientia, a group of 
French men of science, who are accustomed to meet once a 
cnemh at a friendly dinner, and to invite a disLinguished guest of 
srientific renown. This dinner was the fourteenth since the foun- 
datioR of the Society, and among the guests have been MM. 
Pasteur, dt LefisepB, Eiffel, Renan, Janssen, Berihelot, and 
Chevreul Mr. F. Darwin was the first foreign guest of the 
Sociely. The diniver was attended by many eminent scientific 
among whom were MM. Marey, the physiologist, acting i 
Pivsidnal, Eiffel, de Brosza, Riohet, de Lesseps, Giard, and some ! 
fifty others. Prof. Marey, in very appropriate terms, recalled | 
ih«freat achievements of Charles Darwin, and spoke emhusias- I 
ticolTy of the doctrine of evolution — a fact worthy of note, when 
it li tmemhered that Prof. Marey is a mem^r of (he Institute. 

Darwin expressed cordial thanks for the honour conferred 
him, but, in the opinion of most of the members, adopted 
400 asodeid II tone. His **Life and CorrespoodeDce of Charles 
13Swfjin*' has W00 for him high rank in the esteem of the French 

, ottiwmer ineetlngof the laailturion of Mechanical 

he h^ in Phris. It wtU begin on Tuesday^ 


With reference to the proposed visit of geologists to the 
volcanic regions of Italy next October— a scheme to which we 
referred last week— Dr. J. Foulerlon, Secretary of the Geo- 
logists’ Association, writes to us that the excursion will be under 
the direction of Dr, H. J. Johnston -I.avis, of Naples, assisted 
by eminent Italian geologists. Anyone desiring further informa- 
tion on this subject shouM communicate as early as possible with 
Dr. Foulerlon, at 44 Pembridge Villa-J, Bayswater, W , send- 
ing a stamped and addressed envelope fur reply. 

At a meeting on Friday last of the Council of the University 
(College of North Wales, it was decided to open an Agricultural 
Department at the College in October, and steps were taken 
with a view to the appoint uient of a Lecturer in Agriculture. It 
was slated that the proposal for the format u)n of dairy schools 
in connection with the College had met with much support, 

From the Annual Report of the Principal of the Owens College, 
Manchester, read on Friday last, at the meeting for the distri- 
bution of honours and prizes, it appears that the tot.al number 
of students has increased during the year from 1269 to 1297, 
and of these no fewer than ,^80 arc in the Medical School. The 
number of associates elected during the year was 33 : the asso- 
ciates, of whom there are now more than 300 on the roll, are 
alumfti of the College, and are only elected after taking a 
! degree at a University. It appears also that during the last 
; year 104 Oivcos College students passed in arts, science, and 
I law, and 57 in medicine, at the Victoria University. In the 
; X^ondon University 51 Owens College students passed in arts, 
i science, and law, ami 24 in medicine. Reference was naturally 
I made to the liberal gifts to the College by Sir Joseph Whitworth’s 
; legatees. A considerable portion of the most recent extension 
I of the College buildings is devoted to the housing of the old 
I Manchester Natural History and (ieological Museums, and the 
' additions mode to them since they were handed over to the 
College. In addition to the sum of j^3O00 previously given, 

; ihe Whitworth legatees extended their gift by the further 
benefactions of /fas, ODD to the Museum Building Fund, and of 
/'io,ooo in augmentation of the Museum Trust Fund. 

Prizes will be distributed at the Medical School, St. Thomas’s 
' Hospital, on Tuesday, July 2, at 4 o’clock in the afternoon, by 
Sir Henry Doll ton, almoner of the hospital. 

A MEETING of the National Health Society is to be held on 
Saturday, June 29, in the Town Hall, Westminster, when the 
Soe'ety’s certificates gained during the year for proficiency in 
‘'domestic hygiene," "sick nursing," and “first aid to the 
injured,” will be presented to the candidates by the Duchess of 
Westminster. • 

The large herbarium of Fungi, transferred by Dr. M. C. 
Cooke to the Herbarium of the Royal Gardens, Kew, is now for 
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the n)0<st part incoT|>orated with the previous collection. The 
total number of specimens reaches to 46,000^ being nearly 
double that of th^ Berkeley Herbarium ; and these, approxi- 
mately, represent — 

Hymenomycctes 11,000 

Gasteromycetes and Myxogastres 2,oco 

Ustiloginesand Uredines ... 6,000 

D iscom y cetes ... 6, 000 

Pyrcnomycctcs 12,000 

Incotnpletse 9,000 

The number of species has not been calculated. A large 
number of these are types, and others as important as types ; 
such, for instance, are the individual specimens used in the 
illustration of Mycojraplda." The entire series is a most 
valuable addition to the national collection at Kew, containing 
as it dews contributions from roost of the mycologists of the 
past forty years — Berkeley, Broome, Bloxam, Cesati, Currey, 
Curtis, De Notaris, I>uby, Ellis, Fries, Kalchbrenner, 
Montagne, Peck, Kavenal, Kabenhorst, Westeridorp, 
Winter, &c., &c. 

In a British official Report on Brazil, which has just been laid 
before Parliament, reference is made to the Pasteur Institute 
founded at Rio dc Janeiro on February 9, 1888. Out of 106 
persons treated between then and January 8, 1889, only one died, 
viz. a child who only attended ten times out of twenty-three 
attendances ordered. In sixty-two instances the dog biting the 
people treated at ,Rio was recogniz^ed as undoubtedly mad. 
Besides the jo6 cases, 130 other persons were sent away as 
‘ having nothing the matter with them. 

The National Association for the Promotion of Technical 
Education has reprinted thd excellent series of “Opinions of 
Practical Men ” on the industrial value of technical training, 
which lately appeared in the Contemporary J^evietv^ A prefatory 
note is contributed by Lord Hartington. 

Wb regret to announce the death of Signor G. Cacciatore, 
Director of the Palermo Observatory. He died on June 16, in 
his seventy-sixth year. 

Prof. Oscar Howard Mitchell, of Marietta College, 
U.S.A., died at Marietta on March 39, in hi*; thirty-eighth year. 
Prof. Mitchell did some lAathcroatical work which excited the 
warm admiration of Prof. Sylvester, whose pupil he had been. 
Of two papers by him in the American Journal of Mathemadcs^ 
Prof. Sylvester wrote : “ I should have been very glad, not to 
say proud, to have been the author of them." 

Early on Saturday morning an earthquake occurred at Watts 
Town, in the valley of the Little Rhondda. A shock, which 
wiis accompanied by a rumbling noise, shook the walls of houses, 
and caused the inhaViiiants to run into the streets in alarm. 
Crockery was broken, and in one instance children were thrown ! 
{torn their beds. At Pontygwaith the shock was severely felt. 
Mr, Davis, of Penrhys Cottage, says he was alarmed ^ the 
noise, and thought it a more than usually violent explosion in 
one of the collieries which abound in the valley. The walls of 
his house shook so that he thought the place was coming down, 
and he ran Into the street. The scene in Llewellyn Street was 
one of the wildest confusion, women and children pai^tly un- 
dressed running hither and thither, the greater numb^ of them 
being of Mr. Davis's opinion that an explosion bad occurred. 

A considerable time elapsed before the people were induced to 
go back to bed. The weather* had been exceedingly sdltry for 
some days. 

Wb ieara from the Ammmn Meleorological Jt^urnal that the 
Chief Signal Officer, Washington, has issued the following ia* 
structioos relating to weather predictions for two or three days 
to view of the great impotrtsince of long-time weather predlctfoas. 
to the interests of the country, it is hereby directed 


that, on and after May 1, 1889, the Indications OlficUl shall 
make, whenever practicable, a general prediction, showii^ tho- 
condition of the weather two or three days in advance, ThU 
class of long-time predictions will be confined to such occasiODX 
and such sections of the country as from peculiar and per^stent 
meteorological conditions seem to urge successful forecasts. 
These predictions will not be too much in detail, but wilt 
clearly set forth the section of the country for which they are 
intended, and the days of the week which they will cover. . . . 
In making these long-time forecasts, the language should be 
varied according to the necessities of the occasion, but should 
always be in such form as to convey clearly to the general public 
I the opinions of the Indications Official, and also the degree 
of positiveness that attaches to his opinions/' 

Kri'Jss and Schmidt's statement that both nickel and cobalt 
contain a small percentage of a hitherto unknown element— 
gnomium — amounting in the case of one specimen of nickel to as 
much as 2 per cent. {JlcK dtr dent, them. Geselhch.^ xxii. Jtl ; 
Nature, vol, xxxix. p. 325), has not been permitted to pass un- 
challenged, and quite recently two papers have appeared which 
tend to show that the supix>sed new element is non-existent. At 
the time when they were led to recognize the presence of this 
common impurity, Krliss and Schmidt were engagetl in repeat- 
ing Winkler’s old determination of the atomic weights of nickel 
and cobalt, in which the ratio Au ; Ni or Au : Co was arrived at 
from the amount of gold precipitated by these metals from 
neutral solutions of gold chloride. Winkler, in the meantime, 
has repeated this work with carefully purified materials {Ber^, der 
dtut, chtm, Gestlhch,^ xxii. 890), and has not only failed to 
obtain any evidence of the existence of gnomium, but moreover 
calls in question the purity of the metallic specimens employed 
by Kriiss and Schmidt, A communication from Dr. Fleitmann 
to the Chemiker Zeituvg (xiii. 757) lends considerable support to 
this view. Adopting the method patented by Kruss and Schmidt 
for separating this common impurity from nickel and cobalt by 
extracting the hydroxides of these metals with sodium hydroxide, 
Fleitmann has examined a number of specimens of commercially 
pure nickel and cobalt, and, so far from obtaining 2 per cent of 
gnomium oxide, has failed to isolate from 50 grammes of material 
a welghable amount of any impurity which would serve to 
justify the view that a hitherto unknown element was associated 
with these metals. Fleitmann points out that when the hydrox- 
ides of commercially pure nickel and cobalt are treated with 
I large quantities of sodium hydroxide, impurities go into solution 
which vary in composition and amount with the source and 
degree of purity of the metals ; these impurities consist of small 
quantities of the oxides of lead, zinc, arsenic, manganese, 
molybdenum, silicium, alummluni, cerium, chromium, &€., 
together with an amount of nickel or cobalt oxide not exceeding 
1/20 per cent, of the hydroxide extracted, end when separated 
from the alkaline solution by the addition of an acid end subse- 
quent precipitation with ammonium carbonate give rise to a 
highly complex mixture of oxides and acids which can only 
separated and identified with considerable difficulty. It ii not 
Improbable, therefore, that KrUss and Schmidt have bean 
dealing wirit some of the constituents of this mixture, and that 
on further examination gnomium oxide will prove to be a mhctUie 
of the oifides of elements already known. 

Wb learn from the 2>aily Indr^OuaHt of Chicago, that 
Lieutenant Schwatka has reported the discovety of a Urge tribe 
of cave^dwelteU in the unexplored regions of Northern Mchrico. 
Their abodes are exactly like the old, abandoned 
of Arizona and New Mexico, So wild and timid wew iSsr 
inmates that it was hardly posrible to gbt near them. ^ 

i^pproach of white people they usually dy to their eavee dr eW 
by means of mdeh^ Mhdu placed a^st the face ^ the , 
They' can ascend petpendknlar i^fls 
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tfaetc ftticki if th<;re are ihe glighlesl crevices for iheir fingers 
and toes. A number of cblldreo, playing in a deep caHon, 
wete interrupted, and immediately fled to the low brush and 
rocks and could not be found, hiding as completely as young 
quail. These cliff-dwellers are usually tall, lean, and well 
formed, their skin being very blackish-red, much nearer the 
colour of the negro than the copper-coloured Indian of the 
United States. They arc said to bo sun-worshippers. 

In response to demand, a new edition of Prof. A. Gray’s 
small work on ** Absolute Measurements in Electricity and 
Magnetism” will be issued immediately by Messrs. Macmillan 
and Co. The whole work has been very carefully revised, and 
several alterations and additions made, which it is hoped will 
bring it into accordance with the present state of practical elec- 
tricity, and render it still more useful to students and electrical 
engineers. The prepamtion of the second volume of the same 
author’s larger treatise on the same subject is being pushed on at 
the same time os quickly as possible. 

Part Vi, of the Catalogue of the Moths of India,” by 
Colonel Swinhoe and Mr. K. C. Cotes, has just been issued. 
It deals with Cramlntes and 7 'orinWif and there is also a list of 
“ addenda.'* 

The Elizabeth Thompson Science Fund, established by Mrs. i 
Elizabeth Thompson, of Stamford, Connecticut, “for the ad- I 
vancement and prosecution of scientihe re,search in its broadc'^t i 
sense,” now aniount.s to 1^25, ocx>. The trustees of the hund j 
have issued a circular, stating that, as accumulated income is j 
again available, they desire to receive applications for “appropria- • 
tions ” in aid of scientific work. This endowment is not for the | 
benefit of any one department of science, but it is the intention of ^ 
the trustees to give the preference to those investigations which j 
cannot otherwise be provided for, which have for their object the 
advancement of human knowledge or the liencfit of mankind in 
general, rather than to researches directed to tlie solution of 
questions of merely local im]>ortancc. Applications for assist- 
ance from the Fund, in order to receive consideration, must V>e 
accompanied by full information, especially in regard to the fol- 
lowing points: (i) precise amount required ; (2) exact nature 
of the investigation proposed ; (3) conditions under which the 
research is to be prosecuted ; (4) manner in which the appro- 
priation asked for is to be expended. All applications should 
be forwarded to the Secretary of the Boaid of Trustees, far. 

C. S, Minot, Harvard Medical School, Boston, Mass., U.S.A. 

It js intended to make new grants at the end of 1889, The 
truatees are disinclined, for the present, to make any grant ex- 
ceeding i^5co; preference will be given to applications for 
smaller amounts. The following is a lis.t of the grants hitherto 
made : — (1) $300 to the New England Meteorological Sociely, 
for the investigation of cyclonic movements in New England 
(xesulls published in the A mini an Meinaro/opca' j^ounta^ for 
1S87 and May 1888) j {2) I150 to Mr, Samuel Rideal, of Uni- 
▼emUy College, London, England, for investigations on tlie 
absorption of heat by odorous gases ; (3) $75 to Mr. H. M. 
Howe, of Boston, Maas., for the investigation of fusible slags 
of copper and lead smelting ; (4) ^500 to prof, J. Rosenthal, of 
Erlangen, (Germany, for investigations on animal heat in health 
and disease {results published in the SUsunjg^slfer. A^a(L fFfjj., 

a4S"^S4; Ana(. w. /V/y'jfoA 

188®, I-S3) ; (5), Iso to Mr. J,0Mph Jastrow, of the 
Johfta Hopkins University, Baltimore, Md., for investigations 
Invtt of psycho- physics ; (6) I200 to the Natural History 
Society of Montreid, for the investigation of underground tem- 
Mcmts, T. Elster and H, Geitel, of 
Germany, Tor researches on tlw electrization of 
l^aei^ bodies {results published in the 

Wim.^ xevR, Abth. a, 1175-1264* l W 


^500 to Prof. E, D. Cope, of Philadelphia, Penn., to assist in 
the preparation of his monograph on American fossil Verte- 
brates ; (10) $125 to Mr. Edw. E. Prince, of St. Andrewr, 
Scotland, for researches on the development and morphology of 
the limbs of Telcosts ; (li) $250 to Mr. Herbert Tomlinson, of 
University College, England, for researches on the effects of 
stress and strain on the physical properties of matter ; (12) I20O 
to Prof. Luigi Palmicri, of Naples, Italy, for the construction 
of an apparatus to be used in researches on atmospheric electri- 
city ; (ij) $200 to Mr. Wm. H. Fkiwards, of Coalburg, W. Va., 
to assist the publication of his work on the butleiflies of North 
America (results published in the “ Butterflies of North Ame- 
rica,” third scries, Part 5); (14) ^1150 to the New England 
Meteorological Society, for the investigation of cyclonic phe- 
nomena in New England ; (15) $25 to Prof. A. F. Marion, for 
researches on the fauna of brackish water.s ; (16) $joo to Prof. 
Carl Ludwig, for researches on muscular contraction, to be car- 
ried on under liii, direction by Hr. Paul Siarke ; (17) 1^200 to 
Dr. Paul C. Freer, for the investigation of the chemical consti- 
tution of graphitic acid ; (i8j $300 to Dr. G. Muller, for experi- 
ments on the resorption of light by the earth’s atmosphere ; (19) 
fjootoProf. Gerhard Ivruss, for the invesligatiou of the ele- 
mentary constitution of erbium ami ditlymium ; {20) $50 to Dr. 
F. L. Hoorweg, for the investigation of the manner and velocity 
with which magnetism is propagated along an iron bar ; (21) 
§>150 to Mr, W. U. Edwards, to assist the publication of his 
work on North American buiterflies. 

The additions to the Zoological Society’s Gardens during 
the past week include a Macaque Monkey {Maoicus cyyiomolgus\ 
from India, presented by Cajitain M. S. Kiach, 79th High- 
landers ; a Mac.aque Monkey {Macacm cyHomolgu:>) from the 

Nicobar Glands, presented by Mr. W. ]. McCausland ; a 

Wild Dog {Cants ) from Bangay, Bornean Group, presented 

by Mr. (J. T. Kettle well ; a Grey Parrot {Psithv.u\ tnthai'm'^ 
from West Africa, presented by Miss L, Davy ; a Redwing 
{'/'un/us i//m'us)f BntUh, a Red-legged Partridge {Cacca/n\ 
ru/a)^ European, presented by Mr. J. C. Clayton ; a Purple - 
crested Touracou {Coryihaix porphyreolopkus) from East Africa, 
presented by Miss Dolly Kirk ; two Can.ary Finches {Serinus 
canaruts)^ three Ttnenffe Chaffinches {P'ringilU tintiilon) from 
Tcnenfic, pie^ented by Mr. E. G. Meade Waldo; a Solitary 
Thrush {Monticola tyatiu^) from Italy, presenlcd by the Rev. 

H. A. Maepherson ; a Common Trumpeter {I\ophia enfUans^ 
from Deuierara, presented by Mr. C. T. Tudway ; four Violaceous 
Night Herons [Ny^tuorax ^nolaceus) from the Wesi Indies, pre- 
sented by Dr A. Boon, C. M.Z.S. ; an Alexandrine Parrakeet 
{Pallor nis akxandri) from India, presented by Miss J. Wilson ; 
two BolJcG Pigeons {Cohnnba bol(u) from I'cneiiffe, a Pallas’s^ 
Sand Grouse {Syrrhaptes paradoxus) from Scotland, deposited ; 
a Specious Pigeon \ CoInm*ja spedosaPj Brazil, a Black Fran- 
colin {Pramolinui vuigaris) from India, a Hawk's-billcd Turtle 
{Chehtte imbricata) from the Weat Indies, purchased; two 
Burrhel Wild Sheep a Yak {Poephogus grunnUns), 

a Bollc’s Vigtoxi {Colutnba botUi\ a Triangular -spotted Pigeon 
{Columba guinea) t a Herring Gull {Larus ar^enUUHs)^ a V'ellow- 
legged Herring Gull {Larus cachinnans), bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

Recent Determinations or the Amount or Lunar 
Radiation.*— Prof C. C. Hutchins, formerly of the Johns 
Hopkins University, now at liowdoiii College, Brunswick, 
Maine, has recently made some researches in ihc same field ip 
which Prof. Lang^ley has already worked, viz. the subject of 
lunar radiation. Prof. Hutchins's first step was the constriction, 
of a new form of thermograph, in which a single thermal junction 
was employed instead of many, the heat rays being condensed 
upooi this one by means of a concave mirror. This com- 
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bination proved in hU hands very successful, though his gal- 
*vano(netcr was not the m )6t scnsiiivc possible, since it was a 
matter of importance that the needle should quickly come to 
vest. As actUttUv^djastcd, the galvano netcr gave a deflection 
of one scale division for o '000x1007 ampere, the period being 
ro seconds. 

The two principal points to which attention was directed were 
the comparative intensity of radiation of the sun and moon and 
the coefficient of transmission of our atmosphere for lunar 
radiations. The first point was determined by two methods : 
in one, but a very small fraction of the sun's rays were suffered 1 
to Coll on the thermograph ; whilst in the second methotl a re- 
sistance was interposed in the galvanometer. Tiie two methods j 
^ve very fairly accordant resuUs, the mean giving the solar , 
vaJiation as 184,560 times the lunar, The experiments on the } 
transmission of the lunar rays tlirou^h our atmosphere gave a | 
remarkaMy high value ; for the deduced result showed that i 
89 1 per cent, of the rays of the moon when vertical are 
irinsmitted by the air at standard pressure. , 

Observations on the lunar eclipse of January 28, 1888, agreed ; 
with those of Langley and Lord Kosse in their testimony as to 
4.he suddenness with which the heat received from the moon is j 
cut off at totality. < 

As to the quality of the lunar rays, it was found that but 1 
31 per cent, were transmitted through a plate of quartz which , 
allowed 93 per cent, of the sun's rays to pass. The radiations 
from a plaiinum coil placed in a Bunsen flame turned down as 
low as possible, suffered to about the same extent as the rays 
(from the moon. From experiments upon the radiating powers of 
•cUffereot rocks, a table of which has been formed, Prof. Hutchins 
-concludes that a very conside.'Vible portion, about half indeed, of 
the incident rays are absorbed. The surface of the moon should 
therefore bep<.>me strongly heated, but the evidence afforded by 
total lunar eclipses appears to show that scare .dy any of this 
surface heat succeeds in paistng through our atmosphere. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 JUNE lo-JULY 6. 


/I7OR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 24, 
48 here employed ) 

At Gnenwich on Jmu 30 

300 rises, 3h. 49tn. ; .souths, I2n« 311. 246..; daily increase 
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GEOGRAPHICAL NOTES. 

To an unusually crowded meeting of the Royal Geographical 
Society on Monday night Dr. Frithjof Nansen told in detail the 
story of his journey across Greenland last summer. \Ve Have 
already given the main incidents of this remarkable journey, and 
need only refer here to some of the scientific results. These 
cannot be fully given as yet, as the meteorological and other 
data collected by Dr. Nansen have not been fully worked 
out. It should be borne In mind that the main purpose of Dr. 
Nansen's expedition was to prove that it U quite possible to 
cross tJreenland : in this respect the expedition has been com- 
pletely successful. Dr. Nansen repudiates as untenable the idea 
that somewhere in the interior of Greenland an oa-*iH of greenery 
must exist. The conditions there are quite diflereiU from 
those of Grinncll Land, where the winter’s snow is annually 
melted away over a certain extent of the .surface. Greenland, 
on the contrary, Dr. Nansen maintains, is so thickly covered 
with the icC' accumulations of ages, that no part of the interior 
is ever laid bare. He surmises that there is a sort of wind- 
pole about the high centre of the interior, from which, as a rule, 
the cold winds radiate in all directions to the warmer coists. The 
cold experienced by the expedition readied as low as 90'' K. below 
freezing, and Dr. Nansen’s thermometers were not adapted 
for a lower temperature he believe-i that the temperature was at 
times much under that. Me compares the configuration of the 
inland ice to a shield, curving upwards from the edge*# to a sort 
of plateau, reaching in pa'ts at feast 10,000 feel al'H^vc sea-level. 
As to the configuration of the ground underneath, Dr. Nansen 
maintains that it must be similar to Norway and Scotland, with 
the same rugged mountain ma'^ses, high ridges, va'leys,and ^ords ; 
and that the >-hape of the icc-coveringhas nothing to do with the 
sha[>e of the land underneath, I'he immense accumulalion of 
snow has levelled up everything ; in places the ice must be 6000 
feet deep, and even the tops of the mounlaius must be covered with 
hundreds of feet of glacier. He believes the wind has much to 
do with maintaining the ice-level, and does not believe that the 
quantity of snow varies much from year to year. I'he cnormtnw 
pressure exercised by this vast mass of ice causes it to «end off 
icebergs, and, in Dc. Nansen’s opinion, runnin ' water helps to 
maintain the uniform level. Even in winter, he maintains, there 
are running streams underneath, due to the action of this pressure, 
and which help t > prevent the growth of the mass. From a 
mcleorologicai po nt of view the scientific exploration Of Green- 
land is in I)ff. Nansen's estimation of immense importance. He 
therefore means to return to the country, probably in the autumn 
of next year. He will land on the east coast, much further 
north than his last year’s starting-point, tie will endeavour to 
explore the east and north coasts, and will attempt to cross the 
continent at its broadest pan. 

In illustration of Dr. Nansen’s paper a larjge collection of oil 
paintings of Greenland scenery was exhibited, by a Danish 
artist, Mr, Carstensen, who spent two summers and autumns 
travelling up and down the west coast. They show, better than 
any pboJOgraphs, the wonderful colour of the Greenland land- 
scapes, the extent and nature of the ice, and the beauty and 
richness of the vegetation during' the short summer of this 
ice-bound land. 


THE LADIES CONVERSAZIONE OF THE 
ROYAL SOCIETY. 

XHE LailieB' CisamrstttioMi of the Royal Society, given on 
^ June 19, was a great success. The following were among 
the objects exhibited I — 

Exhibited by CofiMtance F, Gordon 

Sketches near the net We volcano of MaanaLoa, 90 the 
of Hawaii, and the extinct crater of Hateakala, on UU 
described in “ Fire Fountains of Hawaii." , . ' 

Exhibited by Trbf. SiWanus P. Thompson 
apparflius Ulustraridjg polarisation ^ light. (0) h^igneric 
lion* of plane of polariaation showfi by prmectln^ a ftoi 
beam through a bar of heavy aoo a^lyair^.h^ a 
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dUk of tiika, Of l>y t fiah-lens. (3) ExpAnsion and contraction, 
1 j 7 transverse electrification^ of (he rjng:s seen in /quartz i>y con- 
vergent polarized light. (4) Objects electro plaied with the 
ffietid cobait (nev 

Exhibited l»y th^ Hon. Ralph Abercromby :-pPhoto2raphs 
and specimen, and map, illustrative of the nitrate of soda 
industry,' and of th« nitrate country.— Sun dUiilUtig apparatus, 
on the Atacama desert. Thtri apparatus is situated at Sierra 
Oordai near Caracoles, and ia the properly of Signor Oliveira. 
It conaists of 1875 square feet of glass, something like a row of 
cucumber frames, A thin layer of salt water U led under the 
glaaa, when (he heat of the sun vaporizes some of ihe water, 
whidi condensefi as a sweat on the under surface of the gloss 
top. The drops graduolly coalesce, trickle down into the 
narrow groove on which the panes of glass le^^t, and arc then 
led by pipes into a reservoir of fresh wnier. The bars along the 
outside of ihe glass are to save the apparatus from l>eing wrecked 
by whirlwinds. Kaiher more water distils by night than by 
day, owing U» the better condensation when the outer air is cool. 
At the time of my visit the outer air was 97®, the air inside the 
frames 120' , and that of the salt water i^ide only 117^ while 
that of the glass frame itself could not l:>e determined. The 
apparatus is extremely inelhciont, owing to the nb ence of a 
proper condenser, and the detaiK are bod ; still, from 150 to 175 
litres of fresh water are distilled every day, which is sold at a 
profit for a gallon. Twenty years .ago a similar apparatii*, 
^ with 50,000 square feet of glass, was erected at Carmen AUo 
^ on the same desert, and w'orked very profitably, os lor. a gallon 
couM then be obtained for fresh water. This appnratus was 
afterwards wrecked by a whirlwind, and is now replaced by a 
steam condenser. 

Exhibited by Mr. Streeter Rubies from the Burmah Mines, 
English cut and mounted, and in the rough as found. 

Exhibited and invented by Mr Ludwig Mond and Dr. Carl 
Linger :“~New form of gas battery. This battery is an im- 
provement on the well-known gas battery invented by Grove 
iifty years ago, which produces electricity front hydrogen and 
oxygen gaa by the intervention of platinum. The distinguishing 
feature of the new battery, which has been designed to obtain 
large currents of electricity by means of ihe*>e gases, is that the 
electrolyte is not employed as a mobile liquiil, but in a. quasi- 
solid form, and it is therefore named “dry iras battery " Each 
element of the battery consists of a porous diaphragm of a non- 
conducting material — for instance, plaster of Paris— which is 
impregnated with dilute sulphuric acid. Doth sides of this dia- 
phragm are coveied with very fine platinum leaf, perforated 
with very numerous small holes, and over this* with a thin film 
of pJatinum black. Boih these coalings me in contact with 
frame-works of lead and antimony, insulated one from the other, 
which conduct »he electricity to the poles of each element. 
A number of these elements are placed aide by side, or 'one 
above the other, with non-conducting frames intervening, 
so as to form chum ben through which hydrogen gas is 
posaed along one side of the element, and air along the other. 
One element, with a total effective surface of 774 square ccnii- 
tnettee » t20 square inches, which is covered by i gramme of 
platinum black and 0*35 gramme of platinum leaf, shows an 
electrmnolive force of very nearly x volt when open, and pro- 
duces a current of 2 amperes and 07 volt or 1 ’4 watt, when (he 
outer rettetonce is properly adjusted. I'his current is equal to 
So per cent, of the total energy obtainable from the 
kydrugen idworbed in the battery, ihe electromotive force 
greases, however, slowly, in consequence of the transport of 
the flulpboHc add ftxm one side of the diaphragm to the other, 
lo order to counteract this disturbing influence the gases are 
from time lo time ioierchenged. The battery works ttqually 
well with containing jo to 40 per cent, of hydrogen, 

such as can be obtained by the action of steam or steam 
imd stir m coid or coke, if the gases have been sufficiently 
purified' carbonic oxide and hydrocarbons. The water 
pepducod |n the battery by the combanation of hydrogen and 
is carried off by the uqconsumed nitrogen and an excess 
of gt ihsrdhed >h*wugh it for this purpose. 

, .fiahiitdted by Messrs* AVoodhouse and Rawson, Ltd. 
.tuples of produced by the Elmcwre depositing process. 

of tna appearance twuicr the microscope of ordinary 
per, and <!opper made by the Elmore process. By 
WWtt, F.R.A.S. 

prof. J. A. Fleming. D-Sc. Edto Swan 


(Wp*, Rowing the “ Edison effect." If a carbon 



incandescence lamp has a platinum plate, carried on a wire- 
sealed through the glass, placed Iwwecn the loop or horse- shoe^ 
it is found that wheti the lamp is in action a galvanameter 
connected between the middle plate and the zVnVtW side of the 
catbon loop shows a current passing. If ine galvanometer is 
placed between the middle plate and the side of the loop* 

n > current is found. The lamps exhibited show thU effect very 
well, ft was first j'minted oai by Mr. Edison, in 1884. It has- 
been found that shielding the negative leg by a glass or metat 
tube emirely steps the production of the effect. 

Exhibited by the Director of the Royal Gardens, Kew : — 
riiotngraphs of Ceylon vegetation. 

Exhibited by Mr. J, Young: — (i) A cluster of nests of a 
species of swift (Collocalia) taken in one of the Society Island*. 
(2) A specimen of /Vttvia*rMfs a plover obtained 

in South America, of which only two specinciens {obtained fifty 
years ago) were previously known in Europe. (3) The taU of a 
Ja)>0nese barndoor cock, ii feet long. (4) Bearded-tits’ 
nest, built in Pampas grass heads, stuck in a flowcr-poi in an 
aviary, 

Exhibitetl by Mr. P. L. Sclatcr, F.R.S- : — (i) Head of Thom- 
son’s gazelle ( C7t7s<r//((i; /Aomspni), from a specimen shot by Mr. H. 
C, V. Hunter, in Masai Land, irastern Africa. This gazelle- 
was discovered by Mr. Joseph Thomson during his cxt>eclition 
through Mnsai Land in 18R3-S4, and named alter its discoverer 
by Dr. Gunther (."/«?/. A^//. //tV,, ser. 5, vol. xiv. p. 427), (2) 
Head of Gram’s gazelle [GazeUa granti)^ from a specimen ‘^hot 
by Mr. Frederick Holmwood, C.B., in the Kilimanjaro district 
of ICastern Africa. This gazelle was discovered by Colonel 
Grant, C.B,, F.K.S., in Ugogo, in i860, and named after htwv 
by Kir Victor Brooke (P.Z.K., 1872, p dcir). (3) Mummy of a 
small falcon (probably the kestrel, I'innunculus atauilariu^') 
from the tombs at Thebes in Egypt, oi>iaincd from the natives 
by Mr. A. G. Scott. (4) Tray of birdskins, from St. Lucin^ 
West Indies collected by Mr. Ramage, the naturalist empl oyed 
by the joint Committee of the Royal Society and Brili-h 
Association for the exploration of the Lesser Antilles. 

Exhibited by Profs, Liveing and Dewar, F.R.S. Absorp- 
tion spectrum of oxygen. The oxygen, compressed to 150* 
atmospheres, is contained in a steel tube fitted with quartz ends. 
Id the red jmrt of the spectrum are seen the absorptions corre- 
.^ponding to the Fraunhofer groups A and B. Less sharply 
tlefincd absorption bands are seen in the orange, citron, and 
blue, and faint bands in the green and indigo. The-'C band 
absorptions have a totally different character from the great line 
absorptions of A and B. Beyond the visible spectrum, photo- 
graphs show Some absorptions in the ultra violet, and the extreme 
ultra-violet rays are wholly absorbed. This complete absorption 
extends nearly to the limit of the solar spectrum. This proves 
that the e.-irth’s atmosphere limits the rays which can reach u* 
from the outside. Ozone has even a more ^>owerfuI absorptive 
action, and oxygen, ozonized and iinozonized, put a limit to our 
observations of stellar spectra. Profs. Liveing and Dew.ar have 
experimented with a steel tube 60 feet in length, and east I}*- 
capable of holding a mass of oxygen equal to that contained in 
a vcriicai column of the earth's atmosphere of equal section. 

Exhibited by Mr. Francis Galton, F. R.S Reaction-lime 
instrument (working model). The time is measured by a half- 
second pendulum. The signal is the sharp sound made by a 
small hammer (noiselessly set free) on its striking a detent, and 
thereby releasing the pendulum. The response is made by 
touching a key that releases an arrangement (worked very quickly 
by a spring) whereby an elastic thread, which is secured above 
and l>elow to the pendulum, parallel to its rod, but not touching 
ii, is nipped and held fast against a horizontal bar. The bar is 
graduated to hundredths o? a second, so that (he g adiiation 
opposite to the thread shows the elapsed time between the signal 
and the response. The pendulum receives no jar, and continues 
to vibrate, ^ , 

Exhibited by the Hon. A. HolUnd-Uibbert :—(i) Old tele- 
scope, with parchment tubes. (2) Old microscope, of stamped 
leather. Both formerly the property of King Charles I. 

Exhibited by Mr. Fred. Knock Micro'icopicxl preparations 
illustrating tl« life- history of the Hessian fly 
Say). 

Exhibited by Mr. Percy E. Newberry, by kind permission of 
the pireCtor of the Royal Gardens, Kew : — A series of OAci Dt 
funeral wreaths and p’ant remains, discovered last year by Mr. 
W. M. FUndera Petrje, in the cetoeiery of Hawara, Egypt. 
(L) 'Ihe wreaths, which are of Egyptian and Greek manufacture^ 
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were all made in the 6rft century b,c.« and were found in 
wooden coSins, either reatine on the heads or surrounding the 
t>odies of the mummies. Among them the following are of 
special interest 2 — (1) A very perfect wreath composed of the 
dowerheads of a species of Immortelle {Gnapnaiium tuteo' 
4 iibum^ h.)t calM by the ancients helichrysos,*’ and much 
used by them in making garlands. Helichrysos wreaths are 
mentioned by PHn^ (*' Hist. Nat xxi. 96) as having been used 
in Egypt in Ptolemaic times, also b^ Theophrastus, Athensens, 
Cratmus, &c. (a) Portion of a cunous garland made of cones 

of papyrus pith, lychnis and rose flowers, rose petals, and scarlet 
hcrries of the woody nightshade. These latter are mentioned 
^ Pliny as having been empl<md in garland-making by the 
l^yptians, (3) Portion of a wreath (of Greek manufacture) made 
of flowers of the Polyanthus Narcwsus (A^. Taz^ttay L.). 
Wreaths made of this flower, the ** clustered Narcissus of the 
ancients, are often mentioned by early Greek poets. Sophocles 
thus alludes to them : — 

S' obpavtets ibr* 

6 ECkWi^rpot EOT* ^fiap ktl 

vdpKnrffaSy pLtyd^aiy 9 *«uv 

bipxE^toy trrt^iyofjxa. — CEe/t/us Coloneus, 

^4.) Portion of a wreath made of the flowers of a species of 
fv>se {H 9 sa sauc/a, Richards). (5) A perfect wreath com- 
posed of rose petals threaded by a needle on to strips of 
twine. ‘‘Recently,*' writes Pliny in his history of gar- 
lands, ** the rose chaplet has been adopted, and luxury has 
now arisen to such a pitch that rose garlands are held in no 
•esteem at all if they do not consist entirely of petals sewn 
together with the needle ” {** Hist. Nat.," xxi. 8). There are 
also exhibited t (6) a portion of a wreath composed of twigs of 
sweet marjoram {Orij^ant 4 m Majoranay L.), lychnis flowers, 
coils of papyrus pith, and pieces of copper tinsel ; (7) a portion 
■of a wreatn composed of chrysanthemum flowers and leaves, 
purple cornflowers, and petals of the flower of a species of 
Hibiscus ; (8) a portion of a wreath made of flow’ers of Matthiola 
LibratpTy L., flowers of the polyanthus, narcissus, and Hibiscus 
petals ; (9) portions of two necklaces made of flowers of the date 
palm tlireaded on strips of twine; and (10) a fragment of a 
necklace made of fruits of the dote palm. (II. ) Among the plant 
remains are peach stones, dates, and date stenes, walnut shells, 
currants, pomegranates, plums, figs, chick peas, common 
garden l^ns and peas, lentils, wheat, barley, and oats. These 
are probably the remains of the ancient funeral feasts which were 
held in the Hawara Cemetery by the relatives of the deceased 
people who were buried there. The whole collection (of which 
the scries here exhibited is only the third port) is fully described 
by Mr. Percy E. Newberry in Mr. Flinders Petrie's “ Hawara, 
Biahmu, and Arslnoe." ' 

Exhibited by Dr, H. H. Hoflfert : — Photograph of lightning 
flashes taken at Ealing, on June 6, 1889. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE, 

Cambkidge. — T he Harkness Scholarship, for Geology and 
Palaeontology, has been awarded to T. T. Gwm, Scholar of St. 
John's ColJeM, 

Mr. J, T. Nicolson, B.Sc. of Edinburgh University, has been 
Jtppointed Demonstrator in Mechanism and Applied Mechanics. 

The Mechanical Workshops Syndicate reports that the prac- 
tical instruction in engineering and mechanism is producing 
excellent results in the training of engineers, but that the subject 
suffers by the lack of a higher technical examination analogous 
to a tripos, while the workshops do not get all the work they 
might do, owing to the withdrawal of the University Museums' 
work. 

An examination for Scholarships in mathematics and in chemis- 
try and physics will be held at Peterhouwe on October 1$. A 
syllabus of subjects may be'pbtamed from the tutor. 

The local lectures in science have been laipety attended during 
the past year ; the audiences being at Kettering, where 

4istrooomy was the subject, afld Mr. J. D. McClure the lecturer, 
and at Lancaster, where Mr. E. A. Parkyn lectored on human 

The Students' Asiiociations have made good progress in many 
localities, and in Surrey a student, Mr. Broderick, of Guildford, 
vas found sufficiently quali&ed to repeat the courses in several 
villages with much success. 


Lonioon. 

Hoyal Society, Juxte 6. — ‘‘Notes on the Absoi^ion-Specfra 
of Oxygeb md some of its Compoundts." By Profs. Livefog 
and Dew^V‘ 

The authors give a diagram representing the absorption^ both 
in the visible and in the ultra-violet parts of the s^ctrum, of 
iS meties of ordinary oxygen gas at a pressure of about 97 
atmospheres — that is, of a mass of oxygen rather greater than is 
contained in a vertical column of equal section of the earth's 
atmosphere. Under the circumstances of the experiment the 
absorptions A and B are very black, and the lines of which th^ 
are composed appear much broader than in the ordinary solar 
spectrum. The other bands are all diffuse at their edges, and, 
so far as observed, unresolvable into lines. The complete 
absorption of the ultra-violet rays does not extend quite so far 
down as the limit of the solar spectrum, thongh it approaches 
that limit. There is a diffuse edge of graduuly diminishing 
absorption succeeding the complete absorption, and this fact, 
together with the rapid diminution of the extent of the complete 
absorption with decrease of pressure, lead the authors to class this 
absorption of the extreme rays with the diffuse bands, which, 
according to Janssen, increase in intensity os the square of the 
density of the gas. If that be so, it is unlikely that the limit of 
the solar spectrum is due to the i^bsorption of ordinary oxygen. 
For though we may suppose interplanetary space to be pervaded 
by materials similar to our atmosphere, yet they must be in such 
a slate of tenuity tha^, although they may to some extent rein- 
force A and B, they will not add sensibly to the strength of the 
diffuse bands. Moreover, these hands, though identical in posi- 
tion, so far as the blue and less refrangible part of the spectrum 
is concerned, with bands observed by Brewster and others in the 
solar spectrum, are seen much more strongly through lubes of 
compressed oxygen than they appear in the solar spectrum with 
a low sun. The ultra-violet bands, of which the one near N 
appears in photographs nearly as strong as the band just above 
F, and that in the indigo, have not, so far as the authors ore 
aware, been noticed in the solar spectrum, Probably they would 
appear if photographs were taken with small dispersion when the 
sun was low. 

As the pressure in the tube diminished, the bands rapidly 
faded ; that in the indigo, with an oscillation- frequency or wave 
number about 2240, was the first to disappear, then those near 
L and O and that near E. At the same time the limit of the 
transmitted ultra-violet light advanced from an oscillation- 
frequency of about 3575 at 97 atmospheres, to 37 lo at 50 atmo- 
spheres and 3848 at 23 atmospheres. At 20 atmospheres the 
three Imnds above C, I), and F, respectively, were still visible, 
though faint. B remained visible until the pressure was reduced 
to 2 atmospheres, and A could still be seen, but with difficulty, 
when the pressure of the 18 metres of oxygen was reduced to 1 
atmosphere. 

When atmospheric air was substituted for oxygen the authors 
found that 7 atmospheres was the limit of pressure at which they 
could certainly distinguish A, and 18 atmospheres the limit at 
which they could see B. It is a difficult matter to say exactly 
when an absorption becomes invisible, but the observations on 
air were made under the same circumstances as those On oxygen, 
and the two sets of observations were fairly comparabte. With 
a\r at 75 atmospheres the three bands ^ve C, !>, and re- 
spectively, could all be seen, btit that near C only with difficulty. 
The mass of oxygen and its j^artial pressure In the tube was in 
this case less by about one-quarter than that which was ret^uired 
to bring out the bands when oxygen alone was used. The cause 
of this may be that the development of the diffuse bands depends 
in some degree on the total pressure of the air, and not only on 
the partial presstnre of the oxygen In it, 

The mass of oxygen which when unmixed with nitrogen sMMe^ 
A visible would correspond to that in the tube filled With aht at* 
5 atmospheres, and tha^ which made B visible would corre- 
spond to air at lo atmosph0n9s. The differences between tbeee 
pressures and those whiw ma eouially needed to render A.and B 
vi^>ib)e seem too great to be ascribed to errors of observation, ai^ 
seem to indicate that the addition of the nitrogen has somn effoct 
on the absonHive acikm of the oxygen. On the other 
Egoroff found that be could still distinguink A when 
ness of air at ordinary pressure was reduced to $0 
{Cmpt* vol. ci. p* This Amount of Ak 4>br*> 

reaponds to rather less oxygen tlm the tS^metre tubo wimhi 
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At A presitire of i Atmosphere* Differences in the sources of 
in the spectrosoo^^ and the observers, would, however, 
count fora good deal in observations of this kind* 
la order to try the lodoeoce of temperature on the absorption, 
die Sorter of the experimental tubes, 165 cm. hw, was sur- 
rounded by a jacket filled with a mixture of aedm carbonic 
mydride and ether, which was rapidly evaporated by means of 
a Ime ajb-*ptimp. Hy this means the temperature would be re* 
daced to 100”. The absorption of oxygen at several different 
peestures up to 104 olimotpheTes was observed through the cooled 
tulm. The authors were not, however, able to detect any in- 
crease of intensity, or other chantK, in the absorptions which 
could, be ascribed to the cooling. To try the effect of an increase 
of temperature, the iS-metre tube was surrounded by a jacket 
and heated up to too'* by steam. Heating appeared to render 
the diffuse bands rather more diffuse and less distinct. On the 
whole the influence of a change of temperature of 100° either 
way is slight. 

The authors have observed repeatedly the absorption of liquid 
oxygen In thicknesses of 8 and \% mm. Their observations con- 
firm those of Olssewski. 8 mnu of liquid oxygen gives plainly the 
three diffuse bands above C, D, and F, respectively. With a 
thickness of ig inm. the authors were not able to detect any 
more. 

The authors observed the absorption produced by liquid 
oxygen on the one hand when it was cooled by its own evapora- 
tion until the tension of its vapour was only equal to that of the 
atmosphere—that is, to a temperature of - 181°, according to 
Olssewski — and also when the temperature of the liquid was 
allowed to rise under ptessure up to nearly the critical tempera- 
ture. There appeared to be no appreciable difference in the 
absorption under these different circumstances when the oxygen 
was completely liquid, when it was near its critical temperature, 
and when it was completely gaseous ; so far at least as concerns 
the three principal bands, which were all that could be seen in 
the light transmitted by the liquid in a thickness of 12 mm. 

It will be observed that taking the density of oxygen at 
-i8i‘*’4 to be I’I24, as given by Olszewski, I2 mm, of the 
liquid would be eqniv.alent to 9 ‘37 metres of the gas at almo- 
spneric pressure -hardly more than half the thickness required 
to make A visible. The experiments, therefore, point to the 
condusion that gaseous and liquid oxygen have the same 
absorption-spectrum. This is a very noteworthy conclusion. 
For, considering that no compound of oxygen, so far as is 
known, gives the absorptions of oxygen, the persistency of the 
absorptions of oxygen through the stages of condensation to the 
state of complete liquidity implies a persistency of molecular 
constitution which we should hardly have expected. 

In order to compare the absorption of ozone with that of 
oxygen, the authors employed a tube 12 feet long, made of tin- 
^te fitted with glass ends and coated with paraffin on the inside. 
Ozonized oxygen was passed into the tin tube for some time, 
while the ozonUer and the tube itself were cooled with ice and 
salt The lime-light, viewed through the tube, looked very 
blue, and also the spot of light thrown from the tube on to a 
sheet of white paper was equally blue, indicating a considerable 
absotjption of the less refrangible part of the spectrum. The 
absorption, ao far as the visible rays are concern^, appeared to 
be of a general character, for the spectroscope revealed only four 
extreme^ faint absorption-bands. The centres of these bands 
were at about the wave^mtmbers 166a, 1752, 1880, and 19^, 
and their positioos with reference to the bands of oxygen are in- 
dicated in tbediagram. They vrere so faint as to be seen only with 
difficul^. When the hot carbon of an arc lamp was substituted 
fbr the Bme-ltght they were rather more distinct, but the positions 
of the edges were indefinable. The light of a gasdamp was 
insnffident to show them, and they were no better seen with a 
single^pvism spectroscope of low dttpersive power than with the 
m^aoacofie employed for observing the oxygen. Only one of 
loeae ba^oe is nearly opincident with an oxygen^band— namely, | 
that near E, the faintest of the oxygen-bands. That at wave- 
number 1752 overkps the strongest oxygen-band, but not at its 
tt^dclgeit part; and has none of the peculiar character of its 
ifa*de^ i&ruptly increasing on the less refrangible side and 
decreanng on the other side. Photographs of the 
l^akeo.tnKrtKh a tube with quarts ends! ^owed that 
m oeuneaixmrM alT the rays d>ove the wavc^numher 3086— 
between Q and partiel absoi|^ion extended 

f ^may be said, therefore, that no identity cjm be 
tnsw Mween the absorptions of ozone and those of ordinary 


oxygen. There is no mere displacement of the bands, such as 
sometimes occurs when a coloured substance is dissolved in 
different menstrua, nor any such resemblance as subsists between 
the absorption- bands of the different cobalious salts derived from 
different acids. 

The four bands which are seen to be produced by ozonized 
oxygen corre-pond fairly with the second, third, fifth, and sixth 
of the, bands described by ChappuU as dae to ozone i^Annaltsf 
dt VEcoU NormaUi 2nd ser., vol. xi., May 1882). These four 
bands, he says, are the first to be seen. The authors have failed 
to perceive any others with the 3*66 m. tube, though the oxygen 
was highly ozonized, and maintained at a low temperature. 
None of the bands Were of sufficient intensity to make them- 
selves visible on photographic plates. 

It will be noted that the absorption by ozone extends far 
below the limit of the solar spectrum* By diminishing the pro- 
])oriion of ozone to oxygen in the tube the limit of the transmit- 
ted light was continmdiy advanced, as already described by 
Hartley. The limit of the solar spe^nim may, therefore, very 
well be determined by the average amount of ozone in the atmo- 
sphere, as Hartley supposes. Tne known variations in the limit 
of the solar spectrum may be taken as confirmatory of this hypo- 
thesis, although the comparatively small amount of those varia- 
tions is certainly less than we should have expected if they 
measure the changes in the proportion of ozone in the 
atmosphere. 

The absorptions of the class to which A and B belong must be 
those w hich are most easily assumed by the diatomic molecules 
(Oj) of ordinary oxygen. Whether oxygen in more complex 
molecules, as in ozone (Og), may be capable of taking up the 
corresponding vibrations cannot easily l^e determined, because we 
c.innot isolate ozone ; but since none of the compounds of oxy- 
gen with nitrogen, hydrogen, or carbon, or, so far as known, 
with any other element, exhibit these absorptions, it is very 
probable that they are peculiar to the molecule O,. From this 
point of view it will be interesting to determine whether liquefied 
oxygen, which we suppose to have more complex molecules, 

I produces these absorptions The corresponding spectrum of 
j emission has not as yet been olwerved, probably because the 
agency employed to render the gas luminous breaks up the 
molecules into single atoms of oxygen. 

As for the other class of absorption, the diffuse band«, since 
they appear to have intensities proportional to the square of the 
density of the gas, they must depend on a change produced by 
compression. This may either be the formation of more com- 
plex molecules, as for exam pie q,, corresponding to the devia- 
tion from Boyle‘s law exhibited by oxygen gas, or it may be 
the constraint to which the molecules are subject during their 
encounters with one another. Increase of temperature would 
affect the former, tending to diminish the numMr of complex 
molecules formed at a given pressure, but would have no effect 
on the latter, for though the number of encounters of the mole- 
miles in a given interval of time would be greater the higher the 
temperature, yet so long as the volume was unaltered the ratio of 
the duration of an encounter to that of free motion would be 
sensibly unaltered. So far as any change due to temperature 
has been observed, it is that a rise of temperature slightly 
weakens the diffuse absorptions. 

Reverting to the compounds of oxygen, none of them show 
the absorptions of oxygen, not even the general absorption of 
the ultra-violet rays. Some of them, such as water and carbon 
dioxide, appear quite transparent to ultra-violet rays, while in 
others, such as nitrous oxide, which show a general absorption 
of the ultra-violet rays, the limit of tranapaiency is different from 
that of oxygen. In other respects we may say that there is no 
resemblance between the absorptions of the compounds of oxy- 
gen and those due to oxygen Itself. Some of the former have 
very definite and characteiistlc absorptions, such as the well- 
known spectra of the peroxides of nitrogen and chlorine, and we 
must regard these as indicating the rates of vibration which the 
molecules NOg and CIO, respectively arc capable of easily taking 
up. The absence of the absornlions due |o oxygen from all com- 
pounds of oxygen seems to inoicate either that memical combina- 
tion is not, as has supposed by some chemists, a temporary 
relation In which the molecular groupings are continually break- 
ing up, to be formed anew with ever- changing elementary 
atoms j or, that the periods of dissociation are very small* com- 
pared with ih^ periods of association. For otherwise ve should 
expect that sndh compounds of oxygen as CO. and NOg must 
always have amongst their molecules some molecules identicak 
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^ith th«f« of oxygen nnd capable of taking up vlbrafiotis of the 
«aine pertod,, At least we must conclude that little, if any, of 
the oxy^n of tKei^ and other compounds is ever out of the 
influence of the other components. 

The authors h%re re-examined the ahsorption-spectrum of ^^04 
at various temperatures, and agree with the conclusions of i^ell 
CAfw. J&nrn.^ voU vii. 32), tliat NjO^, whether liqidd 
•or gaseous, effects pnly ft general absorption at either end of the 
spectrum, and thtt ^he selective absorptions observed with k are 
■due to the presence of KO.. 

In order to obtain pure the tube in which the liquid was 
sealed was placed in a freesing mixture, and a large part of the 
i iquid frozen ; the Temiuning liquid was then drain^ as com- 
pletely as possible into the otner end of the tube, and sealed oC 

It should be observed that the crystals of Nj04 appear colour- 
less, and that when they are melted the liquid and superincumbent 
vapour are of a very pale yellow colour. As the tem|^rature rises, 
i>Oth liquid and va^ur become, as is well • known, of a deep 
<omn|^ and finally of a dark, reddish-brown colour. The authors 
-examined the spectra produced by two thicknesses of liquid and 
vapour — (1} by that contained in a narrow tube about t mm. in 
diameter, and (2) by that in a tube about 1 cm. in diameter. 
At 15° to 20^ the vapour in the narrow as well as in the wider 
tube showed the well-khown absorption-spectrum of hne, dark 
lines ; no absorption by the liquid in the narrow tube could be 
detected, and the liquid in the wide tube showed no fine lines, 
but several faint, very diffuse bands, unresolvabte into lines with 
a spectroscope of three prisma. These bonds had their maxima 
in places where the fine lines of the vapour were most intense 
and most closely set, so that it might be inferred that they were 
due to similar molecules in both cases, but that in the liquid the 
vibrations of these molecules were no longer sharply defined, but 
modified by the constraint arising from the liquid state. Some 
parts, however, of the spectrum of the vapour, where the lines 
were closely set, did not to be represented by any 

definite bands in the liquid. The liquid absorbed a good deal of 
blue light in a continuous manner, while the vapour only absorbed 
it selectively. At the red the limit of the visible spectrum 
was lower- for the liauid than for the gas— that is, there was more 
absorption of red light by the vapour than by the liquid, $0 
much so that below a certain point the absorption by the vapour 
appeared continuous. 

The narrow tube was next immersed in a wider tube fall of 
glycerine, which was gradually heated. As the temperature 
roBOi 1^6 colour of both liquid and vapour deepened, the absorp- 
tions of the vapour were stronger, and the liquid gave the same 
bands as had been before observed with the greater thickness. 
At irtill higher temperature the absorption of blue light, both by 
liquid and vapour, diminished sensibly, until at 85* the groups of 
lines in the blue had pretty well disappeared from the spectrum 
•of the vapour. In fact, at 85^ there was no sensible difference 
between the actions of liquid and vapour on blue light, it seemed 
only some continuous absorption. At the rad end the difference 
between the liquid and vapour remained quite as strongly marked 
as at lower temperatures— if anything, more so ; and the ab- 
sorptions in the orange, yellow, and green were unaltered. At 
90* the lines of the vapour in the green began to fade, and at 
100* they were very faint ; but those In the orange, as well os 
the corresponding diffuse bands in the liquid, were as strong as 
before. There was still considerably more absorption of red 
iligbi by the vapour than by the liquid, as if there were a strong 
absorption- bond in the red of the vapour which was absent in 
the liquid. 

As the temperature rose to 1 10“ all the lines in the vapour had 
become faint, and at 115® they were no longer discerotble, and 
there was no difference between the spectra of liquid and vapour 
except in the red, and even here the difference was lew marked 
than at lower temperatures. At 130” no distkictioo was tdsserv- 
4Lble between the spectra of liquid and vapour ; there were no 
lines or bands in either, but a good deal of general al^orption. 
Liquid and vapour were darkf and appeared much of a colour, 
hut the meniscus at the junction was quite evident* The tube 
was further heated to ijs\ bat no further change was noticed in 
the spectrum. On ^aduall/ cooling the tube, at if 2* the least 
refrangible band an the oran^ was seen coming in both in vapour 
and liquid, difiEuse in both. At too* the usual lines were well 
^een in the orange, yellow, and citron of the vapour, faint lines 
ill rite green, and none in the blue ; and subsequently the 
appeamnoes presented on bearing followed in the reveese^er. 

A solution of N,04 in carbon bbulphide gave, in a thickness 


of '7 or 8 cm,, diffuse ubsorptton^bands ki the green and 
ill-defined os in Hquid and in corisim posUtons, ipf 
a thickness of I cm. these bands were no longer visible. 

These observations bear otU the supposition that puralf^4 is 
without selective absorptioii of the visible rays, and that the^ab* 
sorption obs^Ved is due to NOj, both in the vapbny, and HipUd, 
this absorptkin being modified in the liquid state of 

solution in which the molecules have much less Mllbin; As 
the temperature rlses^ the proportion of t^cuSlses, avffl at 
the same time the densi^!k>f the vapour tbefrife^ 

dom of motion of the midecules is dimtniniidl th^are less U»s 
to assume the more rapid vlb.ations, and.J^t^e whi^ they ^ 
as-ume become less sliarply defined, s6, 'tMvt linuh 
bands and ultimately into a genend ' 

Chemical Society, June 4. —Dr. W, / RdItIcU, F.lt:SL 
IVcsident, in the chair. —Prof. Mend^hrafiTf Fufeday Loq-' 
tqre on the periodic law of the chemicql elrmenu, was Sean 
by the Secretary, owing to the enforced of the Kj^turer. 

At the conclusion of the lecture, , a, vok ic^.lbaokai to Prof. 
Mendeleeff was moved by Prof. jmiric 1 and|iiW.B^C 
SirF. A. Abel. The Faraday MhuUl and a purse Wenf tbep 
presented by the President to Mr. . AndfcraoUi^ l^y who u U wfis* 
received on behalf of Prof. Mendelef^;^ s(‘ 

June 6.— Dr. W, J. Kussell, Phfij^defU, in tke oiMtur^r^The 
following papers were read Bitpedmental ressarchos on tho ' 
, periodic law, Part I., by Dr. B. Brauner. The uuthar gives a 
I detailed account of his attempts to determine the atomic, weight 
of tellurium by as many different methods as possil)le in all, 
eleven were adopted, but each gave a different re nU, Vfryiug 
from 125-140. He eventually succ<'eded, but with ' great 
difficuhy, in preparing what appeared to be pure tellarium 
tetrabromide, and on most carefully analyzing this, obtained the 
value Te=s 127*64 (0 = i6). This number, hottever, U incom- 
patible with the position of tellurium in the periodic system, and 
iiaving satisfied himself that there were no experimental errors 
which could account for the discrepancy, the author woJi forced 
to conclude that what had hitherto been regarded as pure 
tellurium contained foreign elements. By submitting tellurium 
solutions to a $ystematic fractional precipitation, ht has, in fact, 
succeeded in obtaining a variety of substances, s^e of which 
are undoubtedly novel elements. One of these it is proposed to 
call Ausirifuum {AustriumY In all probability this U the Dvi* 
teliuriuM (212), the probable existence of which was pointed 
out for the first lime by MundeleCffin his recent Faraday lecture. 
From analyses made with material the uniformity of which is not 
yet quite established, the author is satisfied that the atomic 
weight of the element in question approaches very dosely to 
that indicated by Mendeleem In addition, there is at least erne 
other novel cotistitoent, and this appears to be more or less 
closely allied to arsenic and antimony. It follows that true 
tellunum baa yet to be discovered, and that its atomic weigbt 
and properties remain to be determined. — The amylo^dcxtrin of 
W. Nhgeli, and its relation to soluble starch, by Mr. H. T. 
Brown and Dr. O. H. Morris. Amylo dextnn, described by. 
W. Niigeli in 1874, is prepared by the long-continued aotioo of 
cold dilute acids on intact starch gmnules ; w hen purified b/ 
dissolution in water and precipitation with alcohol^ U forms 
cryj^taliinc spherules, cLsely resembling those of inuUn. The 
aiubors consider amyln dextrin lobe analogous in cmApoeitioit to 
the maUo-dextrin previously described by them (Chem. Soa 
Tr^ns , 1885, 528), and asiiga to it the fonnu-a 4* 

; S.V. it may be regarded as cons itoted of one 
or maliosc group in combination withsixamylin ordextrinproai^s. 
Soluble starch, with which amylo-dextrin has frequmw; him 
confused, is converted into a mixture of maltose and ^dextrin 
on treatment wUhdiastasCr whilst amylo-dextrin yidds maltdiemt^ 
cluslVely ; moreover it is shown that soluble starch k thgiket 
product of the aotkwt>f 00I4 dilute acids on starch, mid^riiatilik. 
is slowly hydcelyied to amylo^dextrin, a portion cf j^ atoieli* 
substance at the same time ^ng into-sohstk>n Mdexttbse.<— The 
determinntion of the molecular weights of the earbobydimtea 
Fart li., by the same; As detersmued by K|touit*s m e tt mA 
galactose and maltordextrin are found to have mosekte 
weights correspomtifig with the formulae C^HisO* r |t»4 
respectively. For iftulfo tfie Am 
k dMUo^v and in view of the great ahiidffaw!"ki 
|)bysical ^opertfos between ImiUn and ain3rio<4eutein the wUntA 
are ioeUned to regard the two sh^anees aa cfoaelr ahiM 
composition, tepmimrifog muifo bf the formida 
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aUfKH^b jlhe amylcn and araylin groups in each 
laeaa very diflferem and other properties, and the pro- 

of the hydroly^w with dilute acil are very different. It 
found impossible to apply KaouU'g method to starch -paste ; 
sc^titiona of iK>luble starch pr id uoed so alight a cloprcssion that no 
readlU can be obtained ; a number of fairly concordant 
fmlti, howievav, pointed to ,a molecular weight of 20,000 to 
50,000. Ik) order to osceitain whether the failure in this case 
waf doe to a high molecalar weight, and not to the fact that the 
method ojtoble to colloid Substances, an nrabinic 

T#witory power fa], -f 6i"'i6, wan cx- 
Imiiied ; ^\'n gaee^ a ^lecular weight of 717, thus rendering 
j^rable' that the exercherl hy soluble atarch 

WtA ^ue to its ^gh ihpleeuUr weight. Indirect evidence was 
thfhijpougfat by |tn e^tcamination of the dextrins. The authors 
bP^e previotwly anowp that whem starch ia brolendown by dias- 
tase, a IT ting sU^e In the reaction ia reached when the amount 
6f «xtrin produced correaponds with one- fifth hy weight of the 
starch la' en, and ihnt the molecule of this stable dextrin is one- 
fffdi of the aiKe:;>^ the stai;^-D.plecule from which it has been 
denV^. Deteiyinations ^ ilte molecular weight of this low 
deatm pointed to the and consequently 

iny ^rmula of aoldhle would be 5(Ci,HjflO,o)ao, and its 

molecular weig^i 52 , 4 l 9 p»(!\ The endeavour was also made to 
apply JRabuU's method determination of the question 

whether the dj^trins are a ieides of pol}'mer.s or whether they are 
aimpiy metam^ric. For this purpose a number of the higher 
de^tnns were prepared from starch-transfomiaiions which had 
b^h Btbpped at an early stage of hydrolysis. All the numbers 
obtained show' that the freesing method affords no evidence of 
there'1>eing any difference in molecular weight between the high 
and low dextrins, the numbers being, in fact, almost identical. 
From a consideration of the results obtained with soluble starch, 
and with dextrins of varying position in the scries, the authors 
conclude that the evidence points to the conclusion Chat the 
dextrins are metameric and not pol) meric compounds. They 
therefore abandon their former working hyjx>thesis of the 
hydrolysis of starch, and now suppose the starch molecule to 
consist of four complex amylin-groups, arranged round a fifth 
'Similar group constituting a molecular nucleus. When 
hydrolysis takes place this complex is broken up, four amylin- 
groups being UberateH, which m turn are capable of under- 
going complete hydrolysis into malto dextrins, and ulti- 
mately into maltose, whilst the fifth aiuylin-group which 
constituted the nucleus of the original molecule resists the 
action of hydrolyzing a^nts, and forms (he stable dextrin 
of the No. 8 equation cS the authors’ previous papers (Chem, 
Soc. Trans , 1879, 654 ; 1885, S J9)- Each amyJin ^roup of the 
five has the formula (CijHjflOiolao# corresponding with a mole- 
cular weight of 6480 ; the molecule of soluble starch being 
represented by 5(C,^I,oOiJ8(„ corresponding with a molecular 
wemhtof 33.400.“ Researenes on silicon compounds, Part V,, 
hy prof. J. E. Reynolds.— -The isomerism of the alkyl-deriva- 
lives of mixed diazoamido compounds, by Prof. R, Meldola and 
Mr. F. W, Slreat field. A critical study of the mixed dtazo 
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\ , has served to confirm the 
NOj 

conclusion arrived at by the authors in their previous com- 
municatioDfi (Chem. Soc. Trans., 1886, 624; 1887, 102, 434; 
1888, 664), that this compound and its alkyl derivatives are per- 
fectly definite, and that they cannot be formed by crystallizing 
together mixtures of the corresponding symmetrical di meta- 
and dt-para compounds. Tlwt authors restate their original 
proposition, viz. that every pair of amines, X.NH^ and Y.NHj, 
can give rise to three l oneric alkyl derivatives— (*) l»y 
Mtion of diaxolized X.KH-on Y.NHK' j (2) by the action of 
dbaotbed V.NHgOn X.NHR^; (3) by the direct alkylation of 
V, In support of the general truth of this proposition 
a Ihigemumber of triplets have Seen propared, alJ of which con- 
form t9 the rtile hud down. The isomerism of these triplets is 
shown not only by their melting poiols# hot also by their pro- 
ducts decompotkion by cold nydrochloiic acid^. These pro- 
dwetf We ifi all casefs been examined q^^Uiatiyel)^ and the 
^enerlKl ren^ are Shown by the equatlonj*-t-(i) X Nj.NR.Y + 

X.N^CI + V.KHR^. (a) V^N,NK^X + Ha^ 
+ X,,NHR' ; (31 aX.N*R'.y + »HCl - X,N,C1 + 
,+ Xi w HR' + Y; N a.R'. From tto ii oppew* that 
' of th* mUod ‘pR* »P 

odd two adtplomiodt. Tlw mo»t feadWe Jnteijwdl«lon 


of these facts is that the mixed dUzoamides have double the 
molecular weight usually assigned to them, and in support of this 
conclusion the authors have db covered that the n Ixed alkyl- 
dlazqamides can be synthesized by simply boilirg the alcoholic 
solutions of the other two isoraerides of the triplet, thus— 
X.N^-NR'.Y + YNa-NK'-X =« (X.NjK'.YV— The atomic 
weight of zinc, by l>r. J. H. Gladstone and Sir. W, Hibbert. 
The authors have observed that when amalgamated zinc is used 
as anode in a zinc sulphate voltameter, the metal dissolved 
appears to be free from impurity. Results obtained in different 
voltameters with the ^ame current '-bowed a very clo^e nipee- 
meut, and ihe authors therefore determined the atomic weight of 
zinc by applying Faraday^s law of electrolysis. For this purpose 
a series of copper, silver, and zinc voltameters were arranged in 
j a simple circuit, and the quantity of zinc dissolved was compared 
with the weights of deposited silver aud copper. The silver and 
copper voltameters were arranged according to the conditions 
^hown to be best by Lord Rayleigh, Gray, and others. 1 'he zinc 
voltameters were almost of the same form as the silver voltameter 
of Lord Rayleigh. The anode was a sheet of amalgamated zinc sup- 
ported so as to rest horizontally on the surface of the zinc sulphate 
volution, which had a specific gravity varying from 1 ■ 18 to i ‘2t. 
The mean ratio of the equivalents of silver and zinc is 3*298± 
0x0008, Taking the atomic weight of silver as 107*93, 
ratio gives 65 ’44 as the atomic weight of zinc. If silver is taken 
as 107*66, zinc — 65 ’29. The copper sulphate voltameter is not 
90 accurate as the silver one, owing to the solvent action of the 
solution on the copper, and the ratio Zn : Cu given by (he ex- 
periments (1*0322) is probably rather too high. Adopting 
Shaw’s value for ihe atomic weight of copper (63*33), ll'l* 
ratio gives 65*37 as the atomic weight of zinc. — The amount of 
nitric acid in the rain-water at Kolhamsted, with notes on the 
analysis of rain w'aler, by Mr. R. Warringbm. The rain of 
twenty months, analyzed l>y ihe copper* zinc meihod, contained 
an average of 0*138 of nitrogen tis nitric acid per million of 
water ; this is a little higher lh.^n that found by Way in 1855-56— 
namely, o'i2 per million — hut is almost identical with that found 
by Frankland as a mean ol bis analyses of RothaiURted lain in 
1869-70. In a whole year, 1888-89, with a rainfall of 29'27 
inches, the quantity of nitric nitrogen in the rain was 0*91:7 lb. 
per acre, and the nitrogen as ammonia 2*823 lbs,, or a total of 
3*74 lbs. — The product of the action of sulphur on resin, by Dr. 
O. H. Morris. — The vfipoMr-)»resRures and specific volumes of 
similar compounds of elements in relation to the position of 
those elements in the periodic system, by Prof. S. Young. 
Dctcrminaiions have been made of the vapour -pressures and 
specific volumes of the four haloid derivatives of benzene an<l 
also of benzene itself, within very wide limits of temperature ; 
benzene, fluobenzene, and chlorobenzene having been heated to- 
their critical points, 288"-5 and 286“ -55 and 36o*'8 respectively. 
It Ik shown that if the four haloid derivatives are compared at 
such tempcrnlure.5 that their vapour pressures are equal, the 
(absolute) lempeiatures and also the specific volumes bear a 
constant ratio to each other, whatever the common pressure. 
But on comparing benzene with one of its haloid derivatives it 
is found that these simple relatitms do not hold. The ratios of 
the absolute temperatures of benzene and fluobenzene corre- 
sponding to equal pressures are very exactly expressed by the 
equation R' == R -f rt, where R' is the ratio at a \ ressure for 
which the corre- ponding Centigrade temperature i)f fluobenzene 
is 0 0838, and <* o C000313.— The vapour-pressures of 

uqinoline, by the same. 

Anthropological Institute, May 28.— Mr. F. Galton, 
F.R.S., Vice-President, in the chair.— Lieut. -General PiU*Kiver«. 
F.R S., exhibited some crania found during some recent 
excavations at Hunsbury Camp, and the Koman villa at 
JJmitwit— The Rev. H. G. Tomkins read a paj-^r on the 
Hyksds, or Shepherd- King^, of Kg>’pt.— In a paj*>er on the 
proprietorship of trees on the ground of other*, Mr. Hyde 
Clarke (Vice lhrsident), showed that this was the case in Asia 
Minor, Melanesia, Borneo (honey- trees), India, Choto Nagport* 
(moura), and was supposed to be so in parts of China, He 
proposed the ownership of trees as a more probable origin lu 
joHsprudence of the rights of property than ownership 0/ land, 
which has no primitive value. 

Paris, 

Academy of Bcien^eei Jone 17 .— M. Des CJolaeaux, Presi- 
dent, ki the chair.^NttiPWcal resuHs obtain^ in the study 
of the vitreous and metaJJIc reflection of the vlsiUe and ultra- 
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violet tays, by M, A. Coma. The tablei here communicated con- 
tiun the ralttea of the following elements : the wave-length, x, 
of the reflected radiation ; the principal incidence, 3 f. which cor- 
responds to a difference of phase, equal to J between the 
two reflected vibratory components ; the coefljcient H, caJ- 
culated on the empirical relation between ^ and 1 — 

H = sin (Q - *) cot - i), 

in the neighbourhood of the principal incidence ; the coefficient 
J; ; Cauchy's coefficient of ellipliciiy, v, calculated bv the formula 
11 = « siu^ Of ; the product cos which should .be equal to • 
when e is very small before unity. The substances studied are 
selenium, realgar (sulphide of arsenic), senarmontite (crystallired 
antimony oxide), blende, diamond, fluor-spar, and silver. In 
general, these numerical data confirm the conclusions already 
annoaheed, especially as regards the constant increase of the 
positive and negative coemcient of elUpticity with the re- 
frangibility of the reflected radiations.— On the heats of com- 
bustion and formation of the nitriles, by MM. Berthelot and 
Tetit The nitriles of monobasic acids (acetonitrile, propio- 
oitHle, benzonitrile, orthotolunitrile, benzyl cyanide), and those 
of bi basic acids (oxalic, malonic, succinic, and glutaric nitriles) 
have been investigated. — A short summary of the thermo-chemical 
method in its principles and results, as applied to anatomical 
studies, by M. Sappey. Attention is called to a new method of 
research, which has for its object the study of the intimate 
structure of the tissues and organs. The advantages, import- 
ance, and absolute necessity of this thermo-chemical method are 
' insisted upon, not as superseding, but as supplementing, older 
proceiises. M. Sappey has practised it since i860, but has 
hitherto refrained from publishing anything on the subject 
through his desire to thoroughly verify all the facts before pro- 
claiming the new doctrine. The method itself is based on the 
fundamental principle of the association of calorific with chemical 
action in the animal organism ; and in its application to the study 
of the tissues, cuticle, secreting gland-", the stomach, ovary, &c., 
yields highly satisfactory, aqd in some instances quite startling, re* 
tiuUs, which cannot fail to challenge the attention of all phyaio- 
ioglsts.— ^On the prophylactic method as applied to patients after 
being bitten, by M. L. Pasteur. In his brief report for the year 
ending May i, 1889, the Director of the Pasteur Institute an- 
nounces the treatment of 167J subjects, of whom 6 were 
eetzed with rabies during, and 4 within a fortnight after, 
the process. But 3 only succumbed after the treatment had 
been completely carried dut, makii^ one death in 554, or, 
including all the cases, one in 128.— On the photographic 
spectrum of Uranus, by Dr. W. Huggins,— Improvements in the 
graphophone, by Prof. C. V. Riley. Several defects inherent in 
Mr, Tainter's iostrutnenX, arc stated to have been at last com- 
pletely removed by Mr, John H. White, of Washington, who 
has greatly improved the graphophone by employing certain 
appliances which have been constructed by Prof, Riley on 
acoustic principles.— Observations of the planet Eucharis (t8i), 
made at the west equatorial in the garden of the Paris Observa- 
tory, by M. D. Eginitis. The observations arc for February 7 
and 9, 1889,— On the enlargement of the spectral rays of metals, 
by M. Gouy. These investigations show that the so-called 
narf’ovj metallic rays present two distinct structures. Some are 
widened in a uniform maimer on both sides (symmetric rays), 
while others are enlarged almost exclusively on one side (dis- 
symmetric rays). The difference is very marked, and the author 
has failed to detect any intermediate phase. Nearly all the 
metallic rays are symmetric, the only exceptions hitnerto ob- 
served by him being those of sodium and potassium, which 
belong to the dissymmetric group. — On the limit between 
polarization and electrolysis, by M. H. Pellat. These researches 
lead to the establishment of a general law thus announced : 
Electrolysis begins the moment the doable electric layer 
has been neutrmised by polarization. — On actino-cdectric phe- 
nomena, by M, A, Stoletow. Owing to some Improvemonts 
in the conditions of the investigation, the author has succeeded 
in determining more accarately the laws of the actino-electric 
-currents in the atmosphere a( ordinary pressure. He now thinks 
that the hypothesis attributing the acHno-eJectric phenomena to 
the condensed gaseous layers which cover the metallic sutfaces, 
must be rejected.-^On the duration of lightning, by M. E. L. 
Trouvelot. Aided in his observations by photography^ the 
eiuthor infers that the dash is not initantanecms, u is generally 
supposed, but has a percepdbk duration beyond the thousandth 
part of ftsecobd, dented to H by Wheatstone. — Reaeuchesoh the 


phenotnenoa of dUpersian in organic compounds, by 
Barbier and L, Roux. The first rewlts of the rcseardma 
undertaken by the authors on the dispersive power of fluid 
organic compounds are here commanicated. The nresqat note 
is confined to the monosubstituted deiivativcs or benrine.*- 
M. O. A. Xve Rny describes a new method of preparing nitrites 
of the alkaline metals ; and M. Alphonse Comoes contributes a 
paper on the action of the diamines on the diketooes. 

Amsterdam. 

Royal Academy of Sciences, May dj. — Dr. H. G. van 
dc Sonde Bakhuysen in the chair. — M. LorenU read a paper on 
the molecular motion of dissolved sttbstanGeg. The values of 
the osmotic pressure, which M. vanH Hoff has deduced from 
various data, seem to indicate that this pressure is due to the 
molecular motion of the dissolved body, the mean kinetic ener^ 
of a molecule being equal to that of the molecule of a gas at the 
same temperature. These views were tested by a discussion of 
molecular equilibrium in a solution under the influance of 
external forces. — M. van de Sande Bakhuysen exhibited an 
instrument for determining, by means of rectangular co-ordinates, 
the right ascensions and declinations of stars on photographs, 
and the results obtained by meosaring, after this method, a 
photograph by M. Henry. The probable error of each co- 
ordinate 18 d: o''’043. He pointed to the great interest of photo- 
graphs in the determination of the suna parallax, and stated 
that during the coming opposition of Victoria, M. Henry at 
Paris will make photographs which arc to be measured at 
Leyden. — M. Bierens de Haan announced that the second 
volume of Huyghens’s correspondence will soon be published. 

M, Forsler treated of the influence of our common salt On the 
life of pathogenetic bacteria, and stated that, from many and 
various experiments, he had come to the conviction that, whereas 
cholera bacilli arc very sensible to that salt, and when brought 
into contact with it very soon die, the typhoid and pyogenetic 
bacteria, the bacilli of tuberculosis, and the cuttle-distemper 
bacilli may remain for months buried in common salt without 
losing their powers of growth and reproduction. The salting of 
butchers* meat may, therefore, in gome cases prove ineffectual. 
M. Forster further exhibited some preparations, obtained in the 
hygienic laboratory, which went to prove that neither the bacilli 
of tuberculosis nor cholera bacilli can develop under the influence 
of iodoform vapour. 
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CRVPTOGAMIC BOTANY, 

A Hand^b&oh of C^yptjgamic Botany, By Alfred W. 
Bennett, M.A., B.Sc., F.L.S., and George Murray, 
FX.S. With 378 Illustrations. (London : Longmans, 
Green, and Co., 1889.) 

T he utility of a book presenting in clear outline the 
present state of our knowledge of the morphology of 
flowerless plants cannot be doubted. The division of plants 
into Cryptogams and Phanerogams is, it is true, a non- 
natural one. As the authors of this hand-book themselves 
point out, the Vascular Cryptogams are “more nearly allied 
in many respects to the Phanerogams than to the lower 
Cryptogams,” This fact, however, is not a serious ob- 
jection to the limitation here adopted. If it is found 
desirable, for teaching purposes, to treat the vegetable 
kingdom in two divisions, the line maybe as conveniently 
drawn between the Pteridophyta and the Gymnosperms 
as anywhere else. The idea of a work dealing with the 
families of Cryptogamic plants has been familiar to 
English readers since the publication of Berkeley's famous 
“Introduction to Cryptogamic Botany ” in 1857. Since 
that date the literature of the subject has accumulated 
to an incalculable extent A work of similar scope, 
written at the present day, demands enormously increased 
labour in compilation, and offers, perhaps, less room for 
originality. In the authors’ view, the object of the writer of 
a hand-book is “ to gather up and to collate material already 
existing, winnowing, to the best of his judgment, the wheat 
from the chaff.” The indebtedness of the authors to their 
predecessors is amply acknowledged, and it may fairly 
be claimed for the hand-book that the arrangement of the 
material U to a great extent its own. 

The descending order is followed throughout, the 
Crj’ptogams being divided into seven groups : Vascular 
Cryptogams, Muscineae, Characese, Alg®, Fungi, My- 
cetozoa, and Protophyta. The reappearance of the 
Characea; as a main group will be a surprise to those 
who have become accustomed (and in our opinion rightly) 
to regard them as green Algaj. The Mycetozoa should 
probably have been excluded altogether, and the Pro- 
toj^yta, as here limited, form a very heterogeneous 
collection. On the other hand, we regard the breaking 
tip of the old sub-kingdom, Thallophyta, as a distinct 
gain. The character on which it was founded is of 
absolutely no systematic value, and the Algse and Fungi, 
at any rate, arc groups of sufficient extent and independence 
to stand by themselves. 

The authors have introduced several changes in term- 
inology. The, most conspicuous, though not the most 
important, of these Is the adoption of Anglicized termina- 
tiems fbt- Latin end Greek technical words. This is a 
roster In which it is hard to draw the line aright ; thus 
we havh already become used to “ ovule ” and “ pistil ” 
Instead of “ ovulum ” and “pistiilum/' But still, as a 
n^ter Of taste, we think the authors have gone much too 
in this direction. They complain of the “ awkward 
and tmdottth fi^eign for^^ of these words"; we should 
tho^^ht this reproach applied much more strongly 
, t?r^canObe," *'«qlei0l|ei" “nemathece," and “columel." 
VOL, xi..^Na ioar* 


It need hardly be said that the authors themselves have 
not succeeded in attaining consistency in this matter. 
Happily, we arc still allowed to say “ prothallus ” and 
“ nucleus,” though “ nucleolus ” has become “ nucleole,” 
and “ glcba,” “ glebe,” 

A more important point is the use of the word spore. 
The authors define a spore as “ any cell produced by 
ordinary processes of vegetation, and not directly by a 
union of sexual elements, which becomes detached for 
the purpose of direct vegetative propagation.” Thus the 
word is used in a narrower sense than that of de Bary in 
his “ Fungi,” or of Vines in his “Physiology of Plants.” 
The authors’ use of the word seems in itself unobjection- 
able, and is certainly preferable to Sachs’s definition ; but 
we do not see that anything is gained by the limitation 
they propose. 

The substitution of “megaspore” for “macrospore” 
we regard as an improvement, and only hope it may be 
generally adopted. 

For sexual products the authors make use of the 
termination “sperm” in the place of “spore,” thus 
speaking of zygosperms and oospenns. For the sake of 
consistency they avoid using words compounded with 
“ sperm ” for male cells ; thus “ antherozoid ” is once 
more substituted for“ spermatozoid,” while “spermatium” 
is replaced by “ pollinoid.” We cannot regard this last 
name as a happy one, for it suggests a false comparison 
with pollen -grains. As regards “ spermatozoid ” and, 
“antherozoid,” the reasons on both sides seem very 
equally balanced, though the former has the great ad- 
vantage that it emphasizes the homology with the male 
element in the animal kingdom. The term “spermo- 
gonium ” is abolished on the additional ground that the 
“ spermogone is a true antherid,” a statement which, at 
least in this general form, is really unwarranted by the 
facts. The word “ reproduction ” is limited to “ the pro- 
duction of a new individual — that is, to a process of im- 
pregnation.” This definition seems to us to involve far 
too much metaphysical hypothesis. 

The section on the Vascular Cryptogams is preceded 
by some useful introductory remarks, in which the homo- 
logics with the Phanerogams, and the general course of 
development, arc explained. The statement that in apo- 
gamy and apospory “ either the oophyte or the sporophyte 
may be entirely suppressed” is, however, inaccurate; as, 
in the cases referred to, only the reproductive organs are 
(wholly or partially) suppressed, and not the generation 
which bears them. 

The Vascular Crj'ptogams are divided, as in the earlier 
editions of Sachs's text-book, into a heterosporous and an 
isosporous series. This arrangement is admittedly pro- 
visional, but the difficulty in finding a truly natural 
arrangement does not seem to us a sufficient reason for 
adopting one which is manifestly artificial. 

The Rhizocarps are the class first described. The only 
criticism of importance which suggests itself here is that 
the clear relation of these plants to the isosporous Ferns 
is insuflficiently brought out. The other heterosporous 
class is the widely differentgroup Sclaginellaceae, including 
Selaginella and Iso^tes. The following sentence (occur- 
ring in the account of the latter genus) is very misleading : 

“ The mode of development of the megaspores presents 
pcrliaps the closest analogy to that of the secondary 
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«iimbi'yc-8acs of Gytnnosperms that occurs in any order of 
Vascular Cryptogams ; and the same remark applies to 
the formation of the microsporanges and pollen-sacs.** 
'the structures compared in the latter part of this sen- 
tence are homologous ; the secondary embryo-sacs ” 
and megaspores are certainly not so^ nor do we see in 
what sense there is even any ** analogy *' between them. 

The isQSporous series is^divided into Lycopodiacese, 
Filicesr Ophioglossaces, and E^uisetaceae. We are glad 
to see that some account of Treub’s classical observations 
on the sexual generation of l.,ycopodium is given. In 
Psilotum the sporangia are described as pi uri locular,** 
and arh then said to be collected into groups of three or 
fodr.“ These two triews of the morphology cannot both 
be true* 

The class Tiliccs, as here limited, includes the Marat- 
tiiicese but not the Ophioglossaccze, an arrangement 
which we do not think an improvement. At p. yr, the 
siem of Lygodium is wrongly said to be scandent, in con- 
tradiction to the correct account given a few pages later 
oti; Slips of this kind are rather frequent in the book, 
and should be looked to in a future edition. 

The sections on the Ophtoglossacese and Equiaetaccac 
call for no special remark, except that we find Sachs's 
original description of the division of the spore mother- 
cells in Equisetum reproduced. The process is a perfectly 
typical case 'of cell-division (not*' free cell-formation **), 
and called for no special description here ; while Sachs's 
account, however interesting historically, is now fifteen 
years out of date. 

An interesting notice of fossil Vascular Cryptogams 
concludes this subdivision. Attention may especially be 
called to the excellent figure of the stem of Psaronius, 
which, by the way, is referred to Cyatheacese — not, as by 
Solms-Laubach, to Marattiaceie. This chapter will be 
Very welcorrie to English students. 

The second subdivision, Muscinent?, is divided as usual 
into Musci and Hepatic^. The treatment of these classes, 
though not very full, is otherwise satisfactory. By an 
unfortunate mistake, the protonema of the Mosses is twice 
over described as colourless (pp. 134 and 140). We think 
that it is undesirable to speak of the archegonia as in any 
sense ‘‘corresponding to the pistil in flowering plants” 
(p. 141). Expressions of this kind are very likely to mis- 
lead the beginner, and the same objection applies to the 
term "stigmatic cells'^ for the cells at the apex of the 
archegonium. 

As mentioned above, the Characese are separated from 
the Algse as a distinct subdivision. The reasons given 
for this separation do not appear sufficient. Much higher 
morphological diffefrentiation of the vegetative organs is 
found among undoubted Alg;e, while the great number of 
Algal characters presented by the Characcae seem to us 
10 outweigh the points of peculiarity in their reproductive 
organs. However, the true position of this group is likely 
long to remain a vexaia qumiio. 

The Algae themsefves are treated at considerable length 
(120 pages), and the account given is the fullest in any 
general English work. The authors may be congratu- 
lated on being the in this country to attempt an 
adequate summary of our knowledge of these plants : as 
might 'be expected, however, there are many pbihts which 
invite criticism. The Alga ere ranged in eight Classes; 


Floridem, Confcrvoldese heterogamro, Fucacese, Phao- 
sporea, Conjugate, Confervoidea isogama?, Multlou* 
cleatw, and Coenobiete. The authors* opinion as to the 
phylogeny of these classes ntay perhaps be best'repre* 
seated in a tabular form. All Algae are derived by them 
from the Protococcoldese, the latter group being placed 
among the Frotophyta. 

Protococcoideitt 

Eremobioe rrotococcaceae 


Mulliniiclealro Confervoidero ieogamiie CoenobieB& 


Conjugate PhoEospore® Confetvoidem heterogamro- 


Fucacere Floridcoe 

C n the whole, this arrangement seems to us as good 
as any which has been proposed, though it is necessarily 
provisional. We cannot agree that the Dictyotaceae con* 
nect the Fucaccce with the Phfeosporeae through the 
Cutlcriacese. The resemblance between the latter and 
Dictyotaccae is a very superficial one. Nor are wc satis- 
fied that Colcochsete really marks the transition from 
oosporous Confervoidese to Floride®. FaJkenberg has 
already shown how slender the grounds are for this sup- 
position. Wc should be disposed to seek the origin of 
the red seaweeds much lower down in the scaie, but in 
the present state of knowledge it is quite impossible to 
decide this point. 

The Porphyracese and Ulvaccee arc included among 
the Floridcas as degraded forms. The Ulvacese, how- 
ever, have no Floridean characters whatever, and show 
clear relationships to such Palmelloid forms as Tetra- 
spora, a fact which the authors themselves recognize (p. 
418). If, as is possible, Porphyraccae and Ulvacew are 
really related, the former group will have to be separated 
again from the Floridese, with which it has been some- 
what too hastily associated pn the ground of Berthoid’s 
observations. 

It is impossible to consider all the authors* classes in 
detail. As regards the , brown Alg^, we do not think U 
is correct to say that the diflerentiation of tissms in the 
Laminariacece is less strongly developed than in the 
Fucacese, and we entirely decline to believe that ^ • 
unilocular* sporangia of Cladostephus are dub to ilie 
attacks of parasitic ChytridiaCese 1 (p. 250). The 
gat£e are fully described, but there is some confusion in 
the use of the words ** zygosperm ** and bypnbspoee 
the order Mesocarpese^ The dass Mtdtinuckatae cbeps* 
spends to Siphotiese in the widest sense. We 4 ::annot htpee 
with the authors in rM&nling Vaucheria as the 
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tl^ ganus^’ of this class* It U inferior to most Siphonese 
respect except the heterogamous reproduction. 

In the class Coenobiete the orders Pandorlneae and 
Volvociiwae should, we think, have been united, or at least 
pthced in juxtaposition. 

A ifew words on fossil Alga: conclude this section. 

The fifth subdivision, Fungi, is very clearly described, in 
gooeral agreement with de Dary’s views. The Fungi are 
divided into Phycomycctcs and Sporocarpcse, the former i 
including the Oomycetes and Zygomycetes, the latter the 1 
Ascomycetes, Uredinea:, and Hasidiomycclcs. We may 
note that the Ustilaginea^ are included among the Zygomy- | 
oetes, de Bary’s opinion as to the sexuality of the cell- ' 
fusions in the former groups being adopted, while Brefeld’s | 
opposite view is severely criticized. The phenomena in 
question are really on the confines of sexuality, and both 
opinions are tenable. It may be, however, that we 
have a definite test in the fusion of nuclei, and if Fisch's 
observations are to be trusted this teat, goes against the 
sexuality of the Ustilagineac. 

The account of the Ascomycetes is essentially based 
on de Bary's work. Due stress is laid on all the cases 
in which it is possible to find any indication of sexual 
reproduction. Perhaps it would have been better to point 
out that there are two sides to the question, and that the 
views of Brefeld, van Tieghem, and Moeller also have to 
be taken into account. 

The statement that a nucleus has not yet been demon- 
strated in yeast-cells shows an excess of scepticism. The 
evidence afforded by Zacharias’s observations is as 
convincing as in the case of any other fungal cells. 

llie Uredineae are rather curtly disposed of. In tracing 
their relationship to the Basidiomycetes, the authors 
regard the tcleulospores and basidiospores as correspond- 
ing structures* Several facts may be adduced in support 
of this view, but on the whole we prefer de Bary’s 
Ingenious interpretation, according to which the teleuto- 1 
spores are homologous with the basidia, the promycelium 
with the sterigmata, and the sporidia with the basidio- 
spores, This comparison rests on very strong evidence, 
as an inspection of Figs. 130 and 140 in de Bary’s 
“ Fungi will show. 

The next subdivision is that of the Mycetozoa. If, as 
Che authors, in agreement with most authorities, state, 

** we are justified in placing the Mycetozoa outside the 
limits of the vegetable kingdom (p. 406), it seems to be 
time that these otganisms were excluded from botanical 
hand-books, 

The last subdivision, Protophyta, is a most hetero* 
gesmous group, including the Frotococcoideac, Dia- 
tesnacese, Cyanophyceie, and Bacteria. In our opinion, 
the two first-named groups would have been much better 
placed among the Algae, and the same probably applies 1 
te the Cyanopbyeese, though here there is more room for 
doubt This would only leave the Bacteria, and these 
eventually accompany the Cyanojiihyceae, from 
th/ty eeem to di$er in nothing except the usual 
of chkmaphyll It must be mentioned, however, 
that ahtbors themselves fully recognise that the 
are net a natural subdivision, 
asavrhole Is .a useful summary of Crypto- 
there U room for very material 
Ma^ inacotracks occur^ some of which 


have been noticed above, and though these mistakes 
are no doubt largely due to oversights in revision, they 
are none the less misleading to the reader. We think 
also that in some cases, especially as regards the Vascular 
Cryptogams and the Protophyta, the authors have not 
made sufficient effort to render their classification as 
natural a one as possible. 

It is especially to be regretted that so few good new 
figures have been introduced. Nothing adds so much to 
the freshness and interest of a hand-book as good and 
original illustrations, while the constant reappearance of 
familiar text-book figures, however well selected, has 
become very wearisome, and is unworthy of a living and 
active science. 

We hope that opportunity may be found in a second 
edition to render this book in every way a satisfactory 
account of flowerless plants. It should be mentioned 
that there is a ver>' goDd and complete index. 

D. H. S. 


j * AN ENGLISH RA/L VVA K 

The Working and Management of att English Rail’way. 
By George Findlay, General Manager of the London 
and North-Western Railway. (London : Whittaker 
and Co,, 1889.) 

T O write a good book on the working and management 
of an English railway is no easy matter. The' 
author of such a work must have an intimate knowledge 
of his subject, and be in a position to take one of our best 
English railways for his pattern. It would be quite pos- 
sible to name more than one railway in this country, the 
management of which would, if described in a book, serve 
to illustrate how such a task should not be fulfilled. This, 
however, does not apply to the present volume. It is a 
pleasure to read a book on the subject by Mr. Findlay, 
the General Manager of the London and North-Western 
Railway, for where would it be possible to find a better 
liianaged line than the North-Western Railway > 

In a volume of 270 pages, divided into sixteen chapters, 
the author treats departmentally the various sections of 
staff and plant necessary for the efficient working and 
control of this vast system of railways. Chapter ii. deals 
with the management of the line, and it is evident that 
this is moat thoroughly carried out by means of a system 
of devolution of responsibility. The author says, “ It 
will thus be seen that the chain of responsibility and 
supervision is a very complete one, and, in fact, the secret 
of organizing the management of a great service, such 
! as this, is nothing more than a carefully arranged system 
I of devolution combined with watchful supervision.” The 
I staff consists of about 55,000 men, including all grades in 
the service. It is interesting to note that promotion 
does not depend on seniority, but solely on merit, the 
best man for the particular post being chosen ; and this 
no doubt is the only way of getting work well done. 

In the chapter on the “ Permanent Way ” the subject 
is treated historically. The old cast-iron rails laid on 
stone blocks are illustrated as a relic of the early days of 
railways, and the reader is gradually led through the 
various changes and improvements made thereip, until 
he reaches the standard road of the North-Western of 
to-day^ which is as nearly perfect as it can be made with 
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OUT preseut knowledge. Signals and interlocking are 
efBciently dealt with in chapter v. Then the telegraphs 
are equally well described in chapter vi. The rolling- 
stock of a railway forms probably the most important 
part of the necessary plants and is affected more than 
anything else by the gradually increasing speeds and 
weights of trains. Chapters vii. and viii. deal with this 
important subject The standard types of locomotives 
are very well illustrated, but the descriptions might with 
advantage have been more detailed. The author dis- 
cusses the necessity for an fhcrease of power in the 
passenger locomotives to cope with the increased weight 
of the principal express trains, and the solution of the 
problem by the introduction of Mr. Webb’s fine com- 
pound locomotives. The construction and working of 
these engines are described clearly enough for the benefit 
of non-professional readers. It would have been interest- 
ing to find an account of the Worsdell compound locomo- 
tive, which, although not in use on the North-Western, has 
many points in its favour. Comparing it with Mr. Webb’s 
engine, many engineers consider it the better engine of. 
the two. Perhaps in a future edition Mr. Findlay might 
add a description of it, with an illustration. 

Carriages and different kinds of rolling-stock are well 
dealt with, and it is evident that the author has taken the 
utmost pains to get bis information up to date. The 
locomotive works at Crewe, and the carriage and waggon 
works at Wolverton, are capitally described. With 
reference to the automatic vacuum brake, described on 
p. 120, it is evident that,4hi$ brake is automatic on the 
coaches well as on the guards’ vans. As this is prob- 
ably of recent introduction, the North-Western Company 
are to be congratulated on its adoption in their rolling* 
stock. The earlier vacuum brake fitted was nothing more 
than the simple non-automatic vacuum brake as far as 
the coaches were concerned, and was justly condemned 
by most railway engineers for that reason. 

The remaining chapters deal with the working of the 
trains, shunting and marshalling of goods trains, the 
working of goods stations, rates, fares, traffic, &c. With 
regard to tiH these matters the writer’s statements arc 
clear, concise, and to the point. 

It would be of great service to the railway world 
generally if some of the head officials of the best English 
railways would follow Mr, Findlay’s example, and give us 
some of their stores of experience. Take, for instance, 
locomotive engineering : where is the student or appren- 
tice to find a book of recent date on the design, con- 
struction, and working of the modem locomotive ? Let us 
hope that the infection will spread on the North-Western 
staff, and that by and by Mr. F, W. Webb, the able 
Locomotive Superintendent of that railway, will write a 
book on the department in which he so greatly excels. 

Mr. Findlay’s book displays so much knowlege and 
ability that it well deserves to rank as a standard work on 
the subject. N. J. L. 

UUR BOOK SHELF. 

Zur Giologie ^er Sckwei^eralfien, Von Dr. Carl 

Schmidt. One Plate (Basel ; Benno Schwabe, 2889.) 

This pamphlet gives a summary of the views entertained 
at the present time by many leading Swiss geok^Uts as 
to the geological history of the Alps. So far as we can 


see, It does not profess to he more thafi a compila^n, or 
to contain any original work ; but as a summary it is as 
clear and concise as the subject permits. The author, 
in the first chapter, briefiy sketches the history of the 
principal types of rock which enter into the compositioii 
of the Alps ; and, as might be expected at the present 
juncture, lays much stress upon the results of pressure 
Some, indeed, may think that the pment moment is 
rather inopportune for such a memoir as this ; for the 
modifications due to pressure, especially in rocks already 
crystalline, are still the subject of so much controversy 
among geologists, that it is difficult to know what may be 
taken for granted ; and there is a danger, if the writer be a 
disciple of the new school, of contusing the results of 
demonstration and of hypothesis. A quotation (trans- 
lated) will indicate the author’s point of view better than 
a general statement. After pointing out that two great 
root groups exist in the Alps, one consisting of various 
granitoid rocks, gneisses, ana crystalline schists, the other 
oflimestones, sandstones, and other sediments, he proceeds 
— In Switzerland the region which intervenes betwe en 
the two zones is not very broad. The general strike of 
j this intermediate zone is through Coirc, Ilanz, the Grcina 
Pass, Scopi, Airolo, Nufenen, the Rhone Valley, to 
Martigny, and so through the Val Ferret to the Little 
St. Bernard. The rocks of this intermediate zone are 
crystalline sediments, the age of which it is difficult to 
fix with precision. In the Grisons they have lately been 
claimed by Giimbel as Palaeozoic, in the Valais they have 
been shown by Lory to be Triassic : that the sam^ from 
the Greina Pass to the Nufenen, are Jurassic, can be 
proved by fossils.” This, however, begs the whole ques- 
tion. It has yet to be shown that the Swiss geologists 
have not confused together, as some maintain, two dis- 
tinct rock groups, owing to their having mistaken (not 
for the first time) for crystalline schists, deposits which 
only simulate the latter, because they are locally com- 
posed almost entirely of their dibris. 

But, putting aside theoretical and controversial matters, 
the author’s summary is generally clear. It would, we 
think, have been more useful if he had condensed some- 
what the general discussion in the opening chapter, 
and dwelt more fully in the others on the many interest- 
ing questions of local physiography which are opened up 
by a study of the Alps. To this objection, however, an 
exception must be made in the case of the nagelfiue, 
where Dr. Schmidt’s remarks arc very interesting. In 
certain of these great masses of conglomerate, pebbles of 
crystalline rocks arc fairly common. These, ne states, 
whether granites, gneisses, or crystalline schists, show 
no indications of the dynamic metamorphism which is 
exhibited by similar rocks in the adjoining chain of the Alps. 
From this observation, if confirmed by further research, 
it would result that the schistosity^” or secondary folia- 
tion, which is so marked a feature m most parts of the 
Alps, has resulted, not from the post-Eocene but from the 
post- Miocene set of movements. ^ 

Die Entsiehung der Arten durch rdumlkke Sonderut^. 

Gesamntelte Aufidlze von Moris Wagner, Heraus- 

gegeben von Dr. mcd. Moriz Wagner. (Basel ; 

Schwabe, 1889.) 

Of later years, zoological literature has been significantly 
full of contributions, advocating now addition to, now 
subtraction from, the theory of ** evolution by means of 
natural selection ^Mormulattd by Darwih—cOntributidns, 
the chief characteristics of Which are that they are 
mutually dcftruptive, that they are, comparatively tpeafc- 
ing. unsupported by any serious array of observed facts^ 
and that none of thm meet with more than a few adr* 
herents. We do not befieve thsit truth is u|iirecfehly 
advanced by h^enfeus speetdation of that namfe ; it is 
certainly in so retarded that the energy thus expend , 
would have beda better appHed fe jdiiofeg 
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c)ustont under severe and prolonged teats, such as those 
att^pted in Frita Muller’s “ FUr Darwin/’ and in 
Wdsmann's study of the markings of Lepidopteran 
larvse* As Semper pointed out long ago (and too much 
insiiltenee cannot be laid upon it), the present need is not 
for fine-spun theory — we nave theories galore — but for 
the judieWs compilation of facts selected where the 
leverage will tell, 'facts which shall either upset or 
confirni'-'it matters not which — the theory of natural 
aelectlon. 

The book before us must be classed among the 
speculative works just mentioned ; and the gist of the 
author^s views may be gathered from the fallowing para- 
graph, written in x88o fp. 401) : — “ Every permanent new 
form (species or variety) commences with the isolation of 
individual emigrants, separated for a prolonged period 
from the habitat of some parent species whi^ is in the 
stage of variability. The active factors in the process 
are ^ (1) adaptation of the immigrant colonists to the exter- 
nal conditions of the new habitat (nutrition, climate, soil- 
composition, competition) ; and (2) the impression and 
development of the individual characteristics of the first 
colonists upon and in their posterity by reason of the 
breeding between near kin. This formative process 
ceases as soon as, owing to rapid multiplication, the 
levelling and compensating effects of intercrossing make 
themselves felt, resulting in and maintaining that uniformity 
which characterizes every good species and permanent 
variety,” Wagner’s hypothesis exalts the importance of 
geographical isolation at the expense of natural selection, 
and thus approximates, both at starting-point and con- 
clusion, to Mr. Gulick’s recent theory of ** divergent evo- 
lution through cumulative segregation ” (Journ. Linnean 
Soc., vol. XX. p. 189), though in detail the respective 
courses taken by the two writers are by no means 
identical.'^ 

Consisting of a r^rint of articles published between 
186S-86, mainly in Kosmos^ Das Ausiand^ and X\\tAllge- 
meins Zeitung^ the matter of the book has been long 
before the public, and its conclusions have been attacked 
from time to time by Haeckel, Weismann, Oscar Schmidt, 
and others ; a translation of the first, and perhaps the 
most important article, has appeared in London (Stan- 
ford, 1873) : criticism of the theory in this place is therefore 
unnecessary. The present reprint is edited by Wagner’s 
nephew and namesake, in accordance with a wish ex- 
pressed some time before his death in 1887, and contains, 
besides the articles previously published, a biographical 
sketch by Dr. von .Scherzer, and editorial introductions ; 
while the last 127 pages arc devoted to an attempt of the 
editor to build certain recent discoveries, such as those of 
the CkuiUnger, into the original structure. It is hardly 
necessary to say that, being a close-printed German 
octavo of 667 pages, the book possesses no index. 

Silvan Folk. By John Watson. (London: T, Fisher 

Unwin, 1889.) 

Mr, Watson expresses much contempt for what he calls 
"the dry bones of science.” We are not sure that we 
quite understand what he means by this expression, but 
It evidently does not imply that he dislikes results ob- 
tained by careful and exact observation. In the present 
liHle volume he gives ample proof that he often brings 
himself face to face with Nature, and that he knows how 
to intorpnet many of the innumerable signs and symbols 
which are teadily misunderstood, or altogether over- 
looked, by less Careful inquirers* Mr. Watson is especially 
happy in his notes upon the ways of birds ; but he has also 
hitemsring chapters on mice, voles, and shrews, on red 
deer, fellow, and roe, on British seals, on British fur- 
Pb " Nature by night.” There is not much 
th^t 4a absolutely npw in any of the information he has 
Wbughi together ; but his deacriptlons are so fresh-^-they 
psmhit MO vividly the idea of happy hours spent among 
a^acpve ecehes in the open air*'-fchat they will give 


genuine pleasure to everyone who reads them. The 
book will be especially interesting to young readers, who 
will be glad to learn that it depends very much upon 
themselves, according to Mr. Watson, whether they shall 
be on tenns of intimacy with the wildest woodland 
creatures. Mr. Watson thinks that the power of attracting 
wild creatures was once a much more common possession 
than it is now. 

A Practical Guide to the Climates and Weather ^ India^ 

Ceylon^ and Burmahy By Henry F. Blanford, 

F.R.S, Pp. 369. (London: Macmillan and Co., 1889.) 
The appearance of this book is very opportune. The 
Indian Meteorological Office has been in existence for 
some twenty years, and inasmuch as the region over 
which its operations extend comprisesa very considerable 
area of the earth’s surface, representing climatological 
conditions of the most varied character, a general r^sumd 
of the information as to these conditions is one of the 
most important contributions to climatology that could be 
made, 

Mr. Blanford has well fulfilled his task. He says his 
work “ is not addressed to meteorologists and physicists, 
.... but more particularly to agriculturalists, medical 
officers, engineers, pilots and otlier seafaring men, and to 
those others of the general public to whom the weather 
and the climates of India and of its seas are practical and 
not scientific objects of interest." 

The book is divided into two parts : (i) the elements of 
climate and weather ; (2) the climates and weather in 
relation to health and industry. 

The former is naturally the more technical, while the 
latter appeals to the general public, as it gives a detailed 
description of the climates of the principal and most fre- 
quented hill stations, as well as of the plains, under which 
latter general head the different provinces or districts 
receive each a separate notice. 

One section is specially devoted to the storms of the 
Indian Seas. In their discussion Mr, Blanford is a pro- 
nounced adherent of the spiral in-draft theory in contra- 
distinction to the old circular theory and the well-known 
" eight-point rule.” 

About the most valuable chapter is the last, which 
is mainly occupied with rainfall and evaporation. The 
questions relating to these are of paramount importance 
for the bare existence of millions of the population. Such 
a famine as that of 1834 in the Doab was sufficient to 
induce the authorities of the day to construct the Ganges 
Canal, the greatest work of the kind in the world, and 
one which has in a great measure corrected the injurious 
effects of irregularity in the rainfall. 

The appendixes give the tabular results of the instru- 
mental records, which are required to substantiate the 
general statements contained in the previous pages. 

The work is a most creditable production, and it will 
long remain the standard authority on any question 
bearing on the climate of the Indian Peninsula. 

The Unrh/al led Atlas. E n la rged Edition(i8th). (London 

and Edinburgh : W. and A K. Johnston, 1889.) 

A NEW and enlarged edition of this atlas has just been 
published. The forty maps which it contains are well 
engraved and especially full of information concerning 
railway communication, whilst the fact that the index 
contains 20,000 names of places, with their latitude and 
longitude, testifies to its completeness. An extension of 
the atlas has been made by the addition of two classical 
maps, with an index to them, two physical maps of the 
British Isles, and Europe, and two astronomical plates, 
each being accompanied with descriptive letterpress. A 
misleading paragraph occurs in the explanation of tidal 
action- We read ; ” The moon exerts a much greater 
influence on the production of tides than the sun ; for, 
though its mass is excessively small in proportion, it is 
four hundred times nearer the earth.” The inference that 
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a begiiiAer would draw from such a para]f|;raph would be 
tbnt the predominant effect of the moon in caudihg tides 
y^»s simply due to its proximity to, the earth, whereas the 
fact cannot be too strongly insisted upon, that it is the 
differential attffaction oi the sun and ihoon Upon the 
earth's surface and centre that causes tidal action. The 
atlas is complete and trustworthy. 


LETTERS TO THE EDITOR. 

[ Editor does not hold himsfff re^onsible for opinions ex- 
pressed by his correspondents, NHther can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of NaTURX. 
Ifo notice is taken of anonymous communications,] 

Coral Reefs. 

I BEiiEVic all the qaesUons a^ked by Captain W. Usbome 
Moore in Nature of June (p. 203) have been already 
answered in my papers on this subject. However, as I have 
examined the reefs at Kandavu, Matuku, Ovaiau, and other 
places at the Fiji Islands* T may attempt to answer his questions 
with reference to these special cases. 

According to Mr. Darwin’s view, an island equal in extent to 
the lagoon of an atoll ha<! sunk from view and the circular reef 
that has grown up marks approximately the po>itton of the 
ancient coast line. In the case of a barrier reef, land equal in 
area to the lagoon channels has been submerged, the barrier 
reef here, too, marking the position of . the anient coast line. 
The opponents of Mr. Darwin’s theory hold that there is no 
sufficient evidence that any such land once occupied the site of 
the lagoons and lagoon channels. I believd they might go 
farther, and hold that, had such extensive submergence taken 
place, these lagoons and reefs would necessarily present features 
other than those by which they are everywhere characterised in 
our seas at the present time: 

Wc hold that all the phenomena presented by these coral 
reefs and islands can be better explained on other principles 
without calling in subsidence ; that riow subsidence or elevation 
or rest would only modify in a minor way the general fenturesof 
a reef ; that any one of the three kinds of reefs may be formed 
indifferently in a rising, sinking, rr stationary area. In a sinking 
area the lagoons would probaldy be relatively deeper, the reefs 
narrower, and the islands on them small or absent j'irt a rising 
area the lagoons wduldbe relatively shallower, the rdefs broader, 
and the islands more numerous or united into a continnons band 
of land. 

In surveying the coh'ts' of any volcanic islands situated in the 
ocean where there are no coral reefs, Captain Moore must know 
that these al-e sometimes surrounded by banks extending much 
further seav-ards in one direction than in another. These banks 
ore doubtless Yormed of the loose materials of the island, which 
arc spread out by wave action. The position of these banks 
depends on the nalure of the rocks in the different parts of the 
islands; in the enre of Graham Island, the whole island was 
spread out, forminjg; a submerged bank. In addition to the 
nature of the materials, the depth over the banks depends alto 
on the extent and depth of the surrounding seas. The 20, 50, 
or too fathom line follows sometimes the shape of the coast 
within, sometimes differs widely from the shape of the coast, 
just the same as l>arrier reafs do. 

The Fijis are, in my opinion, such a volcanic group, where 
the shallower waters have now become the home of myriads of 
time-secreting organisms. Thrse have built up the wholly sub- 
merged banks into atolls, and the banks around islands into 
barrier reefs, the depth and dlitunce from land most favourable 
for vigorous coral growth being determined by a variety of Jo< al 
circumstances. When the reef reaches the surface, it spreads 
seawards. 'Jherc i*‘, of course, plenty of living coral In the 
lagoons, but this becomes less and less as the reef becomes mere 
continuous and less oceanic water is admitted. The growth, of 
corals is always, however, niUch less vigorous and much l^s 
rapid in lagoons than 00 the seaward faces of reefs. The posi- 
tion of the opening in the reef is determined by locid conditions, | 
«neh as the mud from rivers in the case of barrier red^ I | 
have elsewhere fully explained my view as to the removal of , 
dead coral, and even comi heads and islands, from the lagoons, ^ 
dhrough solotion of the lime by sen-water. | 


1 cannot have seen as much of lUndavti as Moorev 

but what 1 did see in no way led me (o hetieVe that it.wu p 
sinking island ; ^ Indeed St was here that, not being able 
Mr. Darwin’s theory in explanation of the phenomena of we 
Kandavu reeft, I commsnoed to doubt It alto^ber. TUwoOiit 
around Cape Washington (the western end) appears to'bd {ilsr^ 
iicularly unfavourable for the formation Of extensive rmhi 
because of the high land feet) and deep water, l^siwis #0 
have only narrow fringing re«s or no reefk^ At the end 
the extensive bonks Bunrounding the islets are, on .the otbar 
hard, specially favourable for coral growth, owing to the almost 
comfdete absence of rivers and of detrkus ftom the land ; heeo 
we have what might be called on atoll, except for the presence 
of the small rocks, which, after reachir»g the surface, hasextendod 
seawards. 

If Captain Moore thinks the rock. Solo, was once on island 
about four miles in diameter and of considerable height, be most 
expUtn how in sinking it has left a lagoon around the remalrlii^ 
rock with an average depth of not more that 13 fathoms. He 
must also explain the nature of the ' bidnk extending west front 
Ono, where there is no continuous barrier. 

It is in every way desirable that practical surveyors llfae Capiata 
Moore should take an interest in tMse theoretical views, and their 
observations will be none the less welcome and appreciated urhat- 
ever side they may take in the controversy. The more* observations 
accumulate the more does it seem to me pro^ble that tbera 
never was a barrier reef or atoll formed after th^ manner required 
by Mr, Darwin’s theory. If Profs. Dona, 3 onney, Huxley, and 
Judd, would mention any one barrier reef and any one atoll 
that they believe undoubtedly to have been formed in accordance 
with the subsidence theory, then I think it might be possible 
within the next few years to undertake a thorough examination 
of these with the view of testing the rival theories. 

ChoHenger Office, Edinburgh. John MurraV. 


I HAVSt been immersed in examinations, and away firotti 
London for a few days, so ihat lidid not see Mr. Guppy^ lett^ 
in Nature of June 20 (p. 173) till it was <00 late to reply, I 
will now only ask space for a few last words. To me the matter 
does not appear to have resolved itself into an aifair of out- 
posts.” The position which 1 was led to take up from the 
study of the recent literature on coral reefs, and which I hhd 
hoped that I had made clear in my last letter, is this— that tiU 
Mr. Guppy can produce cases of growing reefs at depths weU 
exceeding 25 fathoms, isolated instances of the occurrence, at 
such depths, of living corals which are among the reef-buUdera 
do not really help him ; and that till he can do this he is only 
supporting hypoihesU by hypothesis. For example, I have not 
seldom, in the Alps, gathers phanerogamous plants, ftourishlAg 
and In fhll bloom, at devatlons of eleven or even twelve thousand 
iket above the sea ; but 1 should not direct anyone to Uila 
mountain zone who desired to pick a posy of Alpine flowers. 

Into the remainder of Mr. Guppy’s letter it would be Waste of 
time to enter, or to continue this controversy, for tw o reafOfM ; 
one, that evidently Mr. Guppy and myself dlfler widely as to , 
the nature of hypothesis, and the diflerenoe between assumption 
and proof ; the other, that I trust, before another number of 
Nature appear, to be among the Alps (with strict orders 
against forwarding letters or papers), so that any return shots 
will fail to reach me, until, in tms rapidly^moving world, they 
have passed into the region of ancient history. 

June 28. t. G. B<iNKRy. 


Before replying to Ci^taln Moore, I should bear witness to 
the searching character of bis anestions, which quite make* tip 
for the fact that during his Tiduaofe servim of many yean abioap 
he has been, fortnnntely periiap *, beyond the reach 0f rehetil 
cofral reef literature. * 

However; I would flrsl point out that when- be rpeaks of thfr 
second edition of Mr^ DaHvin’s "Coral Reefs/' which watmtb^ 
Hshed fifteen years ago (i8f4h asgiven to the worid *^aft«r fetty 
yean of deep researtminto vwou* problems of Nature, hd aaridy 
forgets t,hat after the first editiOD of the author h*d iid;ihp 
ttier aci^ai Dtanoe with covat reefs, Cs^tain M oore also omlb io 
reflect that duriog the interval between the 
and Jukes WesW the dtily two prlnOi|Md ohiervdm that 

S(« Miitat!v« dftlw WA. 1. p. : - 
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|»r^arwi;ii,whUati^aiastthem were ranged L. Agassiz, LeConte» 
Huittf SfVttpiBri and Rein. One might with equal justice claim 
ibr an eminent engineer that a bridge c'>netructed by him as a 
jfotmg man in iSaa and repaired by hini when an Wderly man in 
|B9'4f repfesentea the accumulated experience of a long profes- 
aiOYial^ career, notwithstanding that he had never since erected 
an<>tHer bridgCi and had devoted all his time to works of a very 
diiSenent character, and in spite of the fact that, whilst only two 
en^neers of reputation had in the interval pronounced the bridge 
to DC safe, dve ethers of equal eminence had advised that, owing 
to iU ricketv condition, it should i>e pulled down. If it was a 
question of perstHial safety, most people would trust to the 
<^)inion of the many. 

1 W»h first cleoi' the way by laying stress on the circumstance 
that neither A. Agassiz nor Murray doubt the reality of subsid- 
ence. They only contend that the characteristic form of atolls 
and barrier reefs is not dependent on it, and that such reefs 
would be produced by their natural mode of growth alone. 

Now, with regard to Fiji, Captain Moore is perhaps not aware 
that in the writings of Murray, Semper, Geikic, and others, in 
these columns and elsewhere, the association of the three classes 
of ruefs in the same group, as in Fiji, has often been referred tp 
ws opposed to the theory of subsidence. It wa« the occurrence 
of alt rcefa in the Fijis and in the Felew' Group, and the ascertained 
existence of upraised reefs in the last locality, that amongst other 
reasons led Murray and Semper to find some different explanation 
(ban that of subsidence. Dana saw the difficulty, and tried to 
avoid it by asserting that small fringing reefs are often evidence 
of subsidence, even a greater subsidence than is implied by barrier 
reefs" {Amtr, youru^ Science and Arts^ 3 rc 1 ficries, vol. viii., 
p, 316). Semper, however, pointed out that this conclusion at 
once destroyed the value of the testimony aff >rded by coral reefs 
of the movements of the earth's crust, since, if all kinds of reefs 
can be formed during subsidence, the character of a reef cannot 
guide us in determining the existence of subsidence or upheaval 
(“Animal Life," p. 233). Darwin also saw the difficulty of the 
Pelew Group, where living atolls, barrier reefs, and fringing reefs 
were associated with upraised .ancient reefs ; and thus it came 
sdxmt that, when writing to Semper in 1879, he generously ob- 
served that, although he stilt adhered to the theory of suUidence, 
such oases as that of the Felew Islands, if of at all frequent recur- 
rence, would make his concin&ions of very little value. ^'Future 
ofewrvers," he went on to say, “must decide between us," &c. 
(temper’s “Animal Life," p. 456). 

X contend that in 1889 Mr. Darwin’s condition has already 
been realized, since we have in the interval proved that in respect 
to the occurrence in the same locality of all three classes of coral 
ree& and their association with ancient upraised reefs, the hijis, 
the Tongan Group, and^the Solomon Islands ore but reproduc- 
tions of the Pelew Group. It will therefore be seen that Captain 
Moore is in error when ne believes that Darwin would not nave 
r^rded simultaneous up and down movements in the same 
group as inconsistent with his theory. Darwin’s admission to 
Prof. Semper in the case of the Pelews shows plainly enough 
Vhat_ he would have thought of the Fijis, This difficulty of ' 
intaglniog simullane ms up and down movements in the same 
group was also perceived by the present pircctor- General of the 
Oeological Survey, when he remarked some years ago in these 
columns that “ such an association of upheaval with an assumed I 
general sobsidenoe requires, on the subsidence theory, a cumbrous I 
and entirely hypothetical series of upward and downward move- 
ments " (Nat IT RE, vol. xxix. p. J07 ; Proc. Koy. Phys. 
Soc., viii.), 

It la somewhat remarkable that long as ihe Fiji Group has l^en 
known, it is only of recem years that anything has been published 
concerning its upraised coral reefii and Us other evidences of con- 
ut^ieaval. Darwin, ax lafe as bis edition of 1874, knew 
of the extensively upraised reefs, and he still coloured 
iU his map as in an area of subsidence. Strangely 
amtmgst the many errors perpetuated in the edition 
in the present year of Mr. Darvrio’s work, is that re- 
thW groups In an odiditional footnote (p. 215) we find 

mwenoe to the igtcient coral reefs upraised some hundreds of 
Ip the Dau or Windward Gmttp, which are refemed to in the 
pttWkaUort of Jt88a concerning Fiji, and which 
VWB 4 eecrSbed to me by Llent. Malan some years ago. We find 
jpo i^erepoe in this edititm of 1889 to the conclusion of Mr. Brady 
M as indicated by its Foraminifisra, was 

jSp of from ijo to aoj fathoms in post-Tertiary 

upheaval of from 90a to 1x00 feet 


(Geol. Soc., November 9, 1887). Curious as it may appear, 
Dana, after his lengthened stay in the group, found proofs of ao 
elevation in the larger islands of only 5 or 6 feet, and was 
inclined to negative It altogether in the case of the eastern islands 
(“Corals and Coral Islands," 1872, pp. 34a, 346). 

Captain Moore refers to the “ many evidences of upheaval " in 
Fiji, and instances the occvurence of sliells and coral “at great 
heights." What evidence has he of subsidence ? He points to 
the form of the reef in various islands, and thus assumes the very 
question at issue. However, I will leave to Mr. Murray to ex- 
plain how these reefs attained their characteristic form without 
the assumed movement of subsidence, of which in fact we can 
find no direct proof, H. B. Guppy. 

As Dr. Guppy asks for information with regard to the corals 
found living at the greater depibs round islands in the Indian 
and Pacific Oceans the following may be of interest. 

About two years ago Capt. Wharton, F.R..S., called attention 
to the Tizard Bank, and lost year both it and the Macclesfield 
Banks were examined by H.M.S* Rambler, 

The further investigation of the material sent home has shown 
that the large number of eighteen genera with forty species were 
found living in depth-? from 20-44 fathoms ouuide the reefs, 
and these species differed with but few exceptions from those in 
tlie shallow water. 

The following ten genera were found at a greater depth 
than 30 fathoms— Sly lophora, Astrwa, Pavonia, Cycloseris, 
Leptoseris, Stephanaria, Psamraocora, Montipora, Alveopora, 
and Khoclarcca, besides seven small scarcely rce^buitding genera. 

The total number of species collected was 142, so that nearly 
one-ihird were represented in over 20 f.ai horns. 

V. W. PASSKlT-bMlTH, R.N. 

Hibernation of Martins in the Argentine Republic. • 

Pkc*f. Cari.o SpeoAZZINI, an Italian botanist, and quite a 
trustworthy observer, living at La Plata, the new town in the 
Argentine Republic, writes from there the following account to 
my friend the Marquis Giacomo Doria of Genoa : — 

“The bird known here by the name of Gohndrim, and 
which I think is Prague domesttca,^ is subject to hibernation. 
Last year, while the zinc roof of a small house was being taken 
up in the month of August, just in the middle of our w^inter, I 
found underneath about a hundred martins, all accumulated one 
over the other and lethargic, but in good health, So that, exposed 
to the .sun, they awoke and ftew away very briskly. This year, 
again, having seen some holes on a barrancha^ a steep bank over 
the Plata, I began to dig at them, hoping to find some bats ; 
but there I found several hundre<ls of the martins of the same 
kind as above mentioned, clustered and in a state of lethargy. 
Is such a thing known to naturalists? " 

Tommaso Sai.vadori. 

Zoological Museum, Turin, June 18. 

• Atmospheric Electricity. 

The interesting account-? of certain electrical phenomena of 
the atmosphere in Naturk of May 16, 23, and 30, lead me to 
state that it U a common cxpeiience of surveying parties, cs 
pecially on the high peaks and slopes in the western part of this 
country to undergo these peculiar electrical sensations.^ In 
general these maybe described as tingling or pricking sensations, 
accompanied with hissing or crackling sounds, especially marked 
if a finger be presented to any metallic object near by. But 
further than this it has been noticed tha^ whenever a flash of 
lightning occurs there is a sudden cessation of the distressing 
electrical efifccts. The explanation of this is, we think, founfl in 
some experiments made at the top of the Washington Monument 
(elevation 500 feet) during thunder storms. With a “water 

dropper collecter," Maacart insulators and quadrant electrometer, 
we measured the difference of the electrical potential of the air 
and the groaad. The electrometer needle becomes very active 
with the approach of the “ thunder-heads," and after consider- 
able oscillation begins to move steadily in one direction as if 
subjected to a steadily increasing “pull," and then suddenly, 
when a potential difference of several thousand volts may be 
indicated, there Is an “ instant " drop to zero, and apparent 
rebound in the other direction, not due to the torsion of thq 
' Or Wore likely Pragne cAafybira, Gm.— T. S. 
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ra6Mi»ding wire*fibte. The drop to ztto is aimuUuieoofl with 
eaca Aagh of tightning. So ceitaia is this relation that we 
can time the lightning flashed without seeing them. After the 
flash the needlei>cgtiis to again move in one direction, repeating 
its previous behaviour, so that our electrometer measurements 
seem to prove that every flash of lightning relieves tba state of 
stress or the air, which we may compare with the glass in a 
Leyden jar, the doud and ground being the r<»pective coatings. 

We ma^ also get at the same result by notici^ng the effects of 
the electnflcation of the dust, smoke, water, and other matter 
in the air. Whenever our “collector” was “grounded,” the 
flne stream of water issuing from it preserved a certain even 
rounded form, breaking into drops some four inches away from 
the place of exit. Kemoving the “ground ” connection, and the 
stream being now under the influence of the thunder-clouds, the 
steadily increasing electriflcation ^hows itself in the stream's 
twisting and splitung into innumerable threads and spray ; but 
with each flash of lightning the distortion instantly ceases, and 
the stream has its normal character, only to be again distorted, 

For the beneflt of those wishing to photograph lightning 1 
suggest this as a cheap and eaf^ mode of getting warning when 
to expose. A small tin case with ajnozzle giving a fine thread of 
water or any form of the “homing match” device, well in- 
sulated from the ground, and at some elevation, will indicate by 
changes in the character of the stream or smoke, the approximate 
degree of the electrification of the air. 

New York, U.S.A., June 20. Alexander McAdie. 


Upper Wind Currents over the Equator in the Atlantic 
Ocean. 

Referring to the remarks of the Hon. Ralph Abcrcromby 
on the above in Nature of May 30 (p. 101), I would ank for 
4 he londtude and latitude for the two crossings of the doldrums, 
to ename one properly to follow, and eventually work out, the 
facts. For if our famous meteorologist, on the outer Journey, 
passed within one hundred miles of the West Coast of Africa, 
the great chain of desert landk, extending many hufldred!4 of miles 
through Asia to the Sahara in the main weather thoroughfare, 
would, by its influence, very much contract the width of the calm 
belt, and otherwise draw the doldrum much north of the line to 
what would be found more to the westward, where, as it neared 
the American coast, the breadth of the doldrum bell would very 
greatly increase ; so that, unless the doldrum was crossed at the 
same longitude, th« varying atmospheric conditions should not 
be put down solely to the sun, or difference of December and May 
seasons. 

Perhaps it is from waht of the longitude that I am unable to 
understand “how low clouds from the south-east drove over 
north-east trades up to 15* north.” All else is exceedingly 
satisfactory with the law of winds, on the supposition that the 
return crossing of the doldrum belt took place some hundreds 
of miles further west, and about half that distance farther south, 
than on the out journey. 

If I may he allowed to digress a little, I would refer to the 
splendid travels by your correspondent, as published last Christ- 
mas under the title of “Seas and Skies in many Ijatitudes,” 
which in some respects. I think, may be compared with the 
celebrated CMittn$er Expedition. But, sin^Iarly enough, 
while 1 am able to follow and accept all the author’s research 
and information, 1 hnd myself diametrically opposed to his con- 
clusions. Thus, to quote from p. 428, we have : “ Hence we see 
the proof of the assertion that the trades and monsoons do not meet 
and force one another to rise, and flow back poleward, but 
that the two winds coalesce and form one great eastern current 
over the doldrum.” To my mental capacity all the proof is the 
other way about. If the trades of both oemispheres do not 
ascend over the calm belt, what other escape or vent i« there for 
them? I am aware that the Meteorological Section of the 
Krakat^ Committee of the Royal Society also ibvoar Che idea 
of a great easterly current ever going west at a certain altitude 
over the doldrums, hut so far as I can find out they do not tell 
ofi wdience it cometh Uor whither Or how it goeth. In iu circuit 
going west, we naturally look !br its return from the east, and 
with the constant arrival of fresh winds vid the trades of both 
hetnUpberes, it must accumulate if it does not flow back pole- 
ward cjuiie as fast as it ftrriv<e, for we cannot entertain ahmmU- 
don of atmosphere any more than of matter. If oome other 
way of escape could he found, we should still have to face the 
question, Whence comes the supply to the “trades If not foom 


the poles, and whence our prevailing south-westerly winds if not 
from over the doldmtxm ” ? £. Foutosx. 

Liveipool, June 18. 

F.S.-^l do not call in question “the great easterly curreni; 
over the doldrum,” but rather consider its discovery as extremely’ 
interesting, it being just what a small school of meteorologista 
would exMct ; and it now appears to be left for them to 
supply a tneory for the cause of tne direction and also of the 
motive power of such an atmospheric passage, and possibly for 
that of the Krakat^ dust. E. F- 

Patchea of Priamatic Ll^t. 

I AM curious to know if any of your readers observed the 
following phenomenon in the sky, and could give any informa- 
tion as to its nature. 

When driving with two friends on Saturday evening, June 23 , 
between 6.30 and 7 p.m., in the neigbl^rhood of Glutton, near 
Peterborough, w e omerved on either aide of the sun (the sky 
being almost cloudless) two patches of priamatic light; they 
appeared to be of nearly the same size as the apparent disk of 
the sun, and distant from it a hand’s span measured from little 
Anger to thumb at arm's length. At the time there were a few 
light clouds about, but the prismatic patches were not projected' 
on them, as the clouds passed occasionally in front of them, the 
patches meanwhile shining through the thinnest parts, and 
reappearing when the clouds had passed, clearly standing out 
against the sky. There was no appearance of a continuous arch, 
as in a rainbow, and, unlike a rainbow, the patches were on the 
same side of the sky as the sun. I may add that the phenomenon 
W'oa seen by all three of us, and for half an hour after we first 
noticed it. C. S, ScOTT. 

Glatton Hall, Peterborough, June 28. 

A Chimpanzee's Humour. 

In a recent lecture Mr. Romanes is reported as having strongly 
denied the existence of even “a trace of any feeling of the 
ludicrous in the renowned chimpanzee “Sally.” It may be 
worth while to .record a small fact observed by me lately, 
tending, I think, to favour an opposite view. 

Being alone with a friend in Sally's house, we tried to get her 
to obey the commands usually given by the keeper. The 
animal came to the bars of the cage to look at us, and, adopting 
the keeper’s usual formula, I said, “ Give me two straws, SaHy. 

At first she appeared to take no notice, although she had been 
eyeing us rather eagerly before. 1 repealed the request with no 
further result ; but on a second or third repetition she suddenly 
took up a /ar^ iundU of straw from the floor and thrust it 
through the bars at us, and then sat down with her back to us. 
Our request was perhaps unreasonable, seeing that we had no* 
choice morsels of banana with which to reward her. She did 
not, however, seem ill-tempered at our presumption, and the 
next instant was as lively as ever. It seems to me that her 
action on this occasion certainly came very near to an expression 
of humour. Rather sarcastic humour perhaps it was, out She 
certainly appeared to take pleasure in the spectacle of something 
incongruous, and this surely lies at the base of all sense of the 
ludicrous. Harold FicTOK. 

July I. 


jPJ?OK HUXLEY AND M- PASTEUR ON 
HYDROPHOBIA, 

O N Monday afremoon the meeting called by the 
Lord Mayor to hear statements from men of 
science with regard to the recent increase of rabies in 
this country^ and the efficiency of the treatment discovetetl 
by M. PaKcur for the prevention of hydrophobia* 
held at the Mansion House. Much ^excellent worg was 
done. Several letters were read from those who were 
unable to attend. Among these letters was the fohowing 
from Prof. Huxley i— 

” Mdnit Gemras^t Smitmiani^Juni 3S, 1$^ 
MY Lord Mayor, — 1 greatly regmt tny inability *6 
be present at the meeung which ts td be hem, laideo* y«gtr 
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lAitbhSp^s attspkes, in Tdcrence to M. Pasteur and his 
Institute The unremitting labours of that eminent 
Frenchman during the last half-century have yielded rich 
harvests of new truths, and are models of exact and re- 
fined research* As such they deserve, and have received, 
all honours which those who are the best judges of 
theiT purely scientific iherits are able to bestow. But it 
so happens that these subtle and patient searchings out 
of the ways of the infinitely little—of that swarming life 
where the creature that measures one-thousandth part of 
an inch is a giant—have also yielded results of supreme 
practical importance. The path of M. Pastcur^s investi- 
gations is strewed with gifts of vast monetary value to 
the silk trader, the brewer, and the wine merchant. And 
this being so, it might well be a proper and a graceful act 
on the part of the rcfresentatives of trade and commerce 
in its greatest centre to make some public recognition of 
M. Pasteups services, even if there were nothing further 
to be said about them. But there is much more to be 
said. M. Pasteur's direct and indirect contributions to 
our knowledge of the causes of diseased states, and of 
the means of preventing their occurrence, are not mea- 
surable by money values, but by those of healthy life and 
diminished suffering to men. Medicine, surgery, and 
hygiene have all been powerfully affected by M, Pasteur's 
work, which has culminated in his method of treating 
hydrophobia. 1 cannot conceive that any competently- 
instructed person can consider M. Pasteur’s labours in 
this direction without arriving at the conclusion that, if 
any man has earned the praise and honour of his fellows, 
he has. I find it no less difficult to imagine that our 
wealthy country should be other than ashamed to con- 
tinue to allow its citizens to profit by the treatment freely 
given at the Institute without contributing to its support. 
Opposition to the proposals which your Lordship sanctions 
would be equally inconceivable if it arose out of nothing 
but the facts of the case thus presented. But the opposi- 
tion which, as I see from the English papers, is threat- 
ened has really for the most part nothing on earth to do 
either with M. Pasteur’s merits or with the efficacy of his 
method of treating hydrophobia. It proceeds partly from 
the fanatics of iaisscs faire^ who think it better to rot and 
die than to be kept whole and lively by State interference, 
partly from the blind opponents of properly-conducted 
physiological experimentation, who prefer that men should 
suffer rather than rabbits or dogs, and partly from those 
who for other but not less powerful motives hate every- 
thing which contributes to prove the value of strictly 
scientific methods of inquiry in all those questions which 
affect the welfare of society. I sincerely trust that the good 
sense of the meeting over which your Lordship will preside 
Will preserve it from being influenced by these unworthy 
antagonisms, and that the just and benevolent enterprise 
you have undertaken may have a happy issue. 

** I am, my Lord Mayor, your obedient servant, 

“ Thomas H. Huxley. 

** The Right Hon. the Lord Mayor, 

Mansion House, E.C' 

The following letter from M. Pasteur, dated Paris, 
the ^th ult, was read by Sir H. Roscoe : — 

^DtBx Colleague and Friend,-— I am obliged by your 
sending me a copy of the letter of invitation issued by 
the Lord Mayor for the meeting on Jtily i. Its perusal 
hat given me great pleasure. The questions relating to 
the prophylactic treatment for hydrophobia in persons 
who havt been bitten and the steps which ought to 
he taken to stamp out the disease are discussed in a 
Inaohet' both exact and judicious. Seeing that hydro- 
phobia hat existed in England for a long time, and that 
ni^kal science has failed to ward off the occurrence even 
‘m the pre*bdditory symptoms, It is clear that the prophy- 
^iaedc inethod of treating this malady which I have dis- 


covered ought to be adopted in the case of every person 
bitten by a rabid animal. The treatment required 
by this method is painless during the whole of its 
course and not disagreeable. In the early days of 
the application of this method contradictions such as 
invariably take place with every new discovery were found 
to occur, and especially for the reason that it is 
not every bite by a rabid animal which gives rise to a 
fatal outburst of hydrophobia. Hence prejudiced people 
may pretend that all the successful cases of treatment 
were cases in which the natural contagion of the disease 
had not taken effect. This specious reasoning has 
gradually lost its force with the continually increasing 
number of persons treated. To-day, and speaking solely 
for the one anti-rabic laboratory of Paris, tnis total num- 
ber exceeds 7000 ; or exactly, up to the 31st of May, 1880, 
6950. Of these the total number of deaths was only 
seventy-one. It is only by palpable and wilful misrepre- 
sentation that a number differing from the above, and 
differing by more than double, has been published 
by those who are systematic enemies of the method. 
In short, the general mortality applicable to the whole 
of the operations is i per cent., and if we subtract 
from the total number of deaths those of persons 
in whom the symptoms of hydrophobia appeared a few 
days after the treatment— that is to say, cases in which 
hydrophobia had burst out (often owing to delay in arrival) 
before the curative process was completed — the general 
mortality is reduced to o'68 per cent. But let us for the 
present only consider the facts relating to the English 
subjects whom we have treated in Paris. Up to May 31, 
1889, their total number was 214. Of these there have 
been five unsuccessful cases after completion of the treat- 
ment, and two more during treatment, or a total mortality 
of 3'2 per cent., or more properly 2'3 per cent. But the 
method of treatment has been continually undergoing 
improvement, so that in 1888 and 1889, on a total of sixty- 
four English persons bitten by mad dogs and treated in 
Paris, not a single case has succumbed, although amongst 
these sixty-four there were ten individuals bitten on the 
head and fifty-four bitten on the limbs, often to a very 
serious extent. I have already said that the Lord Mayor 
in his invitation has treated the subject in a judicious 
manner, from the double point of view of prophylaxis 
after the bite and of the extinction of the disease by 
administrative measures. It is also my own profound 
conviction that a rigoroua observance of simple police 
regulations would altogether stamp out hydrophobia in a 
country like the British Isles. Why am I so confident of 
this ? Because, in spite of an old-fashioned and wide- 
spread prejudice, to which even science has sometimes 
given a mistaken countenance, rabies is never spontaneous. 
It is caused, without a single exception, by the bite of an 
animal affected with the malady. It is needless to say 
that in the beginning there must have been a first case « 
hydrophobia. This is certain ; but to try to solve this 
problem is to raise uselessly the question of the origin of 
fife itself. It is sufficient for me here, in order to prove 
the truth of my assertion, to remind you that neither in 
Norway, nor in Sweden, nor in Australia, does rabies 
exist ; and yet nothing would be easier than to intre^uce 
this terrible disease into those countries by importing a 
few mad dogs. Let England, which has exterminated its 
wolves, make a vigorous effort, and it will easily succeed 
in extirpating rabies. If iinnly resolved to do so, your 
country may secure this great benefit in a few years ; tut» 
until that has been accomplished, and in the present state 
of science, it is absolutely necessary that all persons 
bitten by mad dogs should be compelled to undergo the 
anti-rabic treatnrent. Such, it seems, is a summary of the 
statement of the case by the Lord Mayor. The Pasteur 
Institute is profoundly touched by the movement in 
support of the meeting. The interest which His Royal 
Highness the Prince of Wales has evinced in the pro- 
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posed maoiiestation is of itself enough to secure its 
sueoeas. AWow me, my dear colleague, to express ihy 
feeling)s of affectionate devotion/^ 


AI^ INDEX TO SCIENCE, 

1 HAVE lately received the ** Sach Register of the 
B^riehte der Deutschen Chemiseken Gcseilschafl^ 
1668-87, in three volumes, indexing the twenty years of 
publication (thirty-six volumes). I he work is admirably 
done, and is of inestimable value to the student, of science 
generally. German scientific men and scientific Socie- 
ties are far In advance of the English in the art of making 
the results of scientific research readily accessible. Wit- 
ness the admirable “ Bibliotheca Zoologica,’^ by Engel- 
mann and Carus, and still continued by Taschenberg ; 
the ** Sach Registers” to Liebig’s der Chemuy 

1832-83, to Poggendorfif^s (now Wiedemann’s) Annalen 
dsf ' PJiysik und ChemUy 1824-87, and to the Journal fur 
PraEtuche ChemUy 1833-87 ; and the Kepertorium 
Commentationum a Societatibus litterariis editarum/’ by 
Reuss, in sixteen quarto volumes, which last valuable 
production covers the whole ground down to the end of 
the Jast century. 

The fact is very suggestive with regard to the English 
neglect of the scientific knowledge, experiment, and dis- 
covery locked up in the long series of English scientific 
journals to be found in our public libraries. The journals 
have usually, but not always, a short index at the end of 
each volume, obliging the student to occasionally spend 
days and weeks in searching through the series for what 
has been written on a subject he is investigating. The 
volumes accumulate on the shelves, and the experiments 
and investigations are repeated again and again. 

The Royal Society, with a lively sense of the necessity 
lot a remedy to the existing chaos, some twenty years 
ago commenced, and continues at intervals the issue of 
“ A Catalogue of Scientific Papers contained in the 
Transactions of Societies, Journals, and other Periodi- 
cal Works from the Year 1800.” It is an author-list, 
and does not at all meet the requirements of the case. 
It necessitates a knowledge, by the inquirer, of the 
names of all the men who are likely to have written on 
the subject of inquiry. Life is not long enough for this. 
Librarians are occasionally of some assistance in the 
matter, but they often Jail What occurred lately has 
occurred to me often ; I submitted to a chemist of some 
Dote the records of experiments published in 1820, which 
would have saved him many months of investigation of the 
same subject tf a reference to the previous woilc had been 
accessible by index or by personal knowledge. It is the 
experience of all men of science that days may be^pent 
in obtaining a reference to what may be read in five 
mimites, usefully or uselessly. 

The Royal Society Catalogue originated from a sugges- 
tion of the late Joseph Henry, the Director, for thirty 
years, of the Smithsonian Institution (Washington) for 
die Increase ^and Diffusion of Knowledge, who said 
(‘^Smithsonian MiaceUatteous Collections” voh xxi. p. 
395):— 

“ One of the most important means for facilitating the 
use of libraries (particularly with reference to science) 
is widl-digested indexes of subjects, not merely referring 
to volumes of books, but to memoirs, papers, and parts 
of scient:fic transactions and systematic works. 1 luiow 
of no richer gift which could be bestowed upon the 
science of our own day than the provision cJ these. 
Everyone who is desirous to enlarge the bounds of 
human knowl^e should^ itf mstice to himself as well 
ss to the public, be acquainted with what has be^ pre- 
viously done in the same line.*' 

Henrjr afterwards communicated with the Brhi^ Asso- 
ciation on the subject (in 1 85 5). The Association appointed 


a Committee (Mr. Cayley^ Mr. Grant, and Prof, Stplma), 
who reported : — 

^ The Committee are desirous of e^resaing their sense 
of the great importance and increasing need of such a 
Catalogue. . . . The Catalrmte should not be restricted 
to memoirs in Transactions of Societies, but should com- 
prise, also, memoirs in the Proceedings of Societies, in 
mathematical and scientific journals, &c. . . . The Cata- 
logue should begin from the year 180a There should be 
a Catalogue according to the names of authors, and also 
a Catalogue according ie subjects.^* 

The Committee succeeded in interesting the Koyal 
Society of London in the undertaking, and that body 
ultimately assumed the direction of the work. 

But they have achieved an tnstalment only of the 
recommendation of the distinguished Committee at whose 
suggestion they took action. They have produced an 
author- list, but the Catalogue according to subjects ** is 
wanting. All the subjects in the Royal Society’s Catalogue 
should be at once plaol^ under a subject-heading as well 
as under the author- heading in alphabetical arrangement, 
as near a concordance as possible by means of cross- 
references, and should be systematically continued and 
published annually. What has been done by Mr. Poole, 
of Chicago, for the great portion of English general 
periodical literature in publishing a subject-list, al- 
phabetically arranged, of the articles contributed to 
238 periodicals from 1802-S1, and to 14 1 periodicals 
in the supplemental volume for 1882-87, should be done 
for all tne scientific publications. The principle of 
the work is simple, and could be readily carried out. 
“ The main purpose of this (Poole’s) work was to meet 
the average wants of students, literary men, and writers 
for the press — in other words, to help genera) scholars, who 
are many, in preference to the few who give their whole 
attention to a single topic.” From an experience of 
thirty-two years in libraries, I must say, with all due 
deference to Mr. Poole, that a subject-index of the 
scientific journals would be of vastly greater benefit to 
the community— material benefit, if he pleases- I 
however, to add my meed of praise to the practical, 
sensible, and sufficient way in which the work that he 
attempted has been done. 

An attempt at remedying our great literary defect was 
made by Robert Watt, 1819-24, when he added to the 
two quarto volumes of an alphabetical list of 40,000 
authors in his “ Bibliotheca Britannic a, or General index 
to British and Foreign I.iteraturc,” an additional two 
volumes of an index of subjects. This has all the disad- 
vantages of a first attempt. The study of bibliography 
was little known, and less cultivated, at the time. The 
book is almost entirely out of date. A great deal more 
may be said in favour of the combination of authors and 
subjects in onc^neral catalogue, as successfully achieved 
by Lieutenant-Colonel Billings in the “ Index Catalo^pie 
of the Library of the Surgeon-Gcnerars Office, Uhiled 
States Army,” as far as the letter N, in nine vojumea, 
royal octavo. This is a specimen of cataloguit^ almost 
perfect ; every article, and every disease, and the cotii- 
pUcations of every disease, with the various organs, 
being catalogued and sub-catalogued with their cross- 
references. 

The history of scientific research exhibits a continual 
tendency towards apecialuation ; and as the sphere of the 
labourer has become limited each area of research hat 
expanded, so that it has become esaentlallv necessary 
that every Bubdivislon of knowledge should be digested 
and arranged. With the co-operation of a few llbrariaitfh 
a subject-catalogue of all scientific literature might 
readily undertaken by the Royal Society or the Socfel^of 
Arts, the pubUcadons (;ontaihed in the British 
beipg marked by an asterisk or other sign. Or a sya^ 
similar to that of the “Smithsonian CataJk^ij^: Of Sidih- 
tific and Technical Perlodic^s (1665-itfi^** be 
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in 'whicli, by means of a check list at the 
end^ it i» aluma in what American libraries all the 
periodicals may be fbumi. A good portion of the work 
It ckl 9 &e in such works as have been mentioned : in the 
indexes to the literature of special subjects in the Smith- 
sonian collections, in the publications of the Harvard 
yuivmityf and in the indexes to the publications of 
Societies^ such aa the Chemical, Geological, Zoological, 
Liimean^ Ast^omicaJ, Geographical, Engineers, Statis- 
ttcal^ the Society of Arts, and the Royal Society, and in 
the indexes of various periodicals. These should be 
systesmatically arranged ; the chaos should be organized 
and classihed, to enable the man of science to find out at 
a glance ail that has been published on any branch of 
his std>ject, atid the work would be of value to the 
country.. 

The range of subject-headings should include every- 
thing relating to scientific and technical subjects. These 
would include (taking Comte’s classificatton for con- 
venience in the serial arrangement^' Mathematics^ Astro- 
nomy, Physics, Chemistry, Physiology (or what is com- 
monly understood as Natural History, with the generic 
term of Physiology or Physio- Philosophy), and Social 
Physics (including Sociology). These subjects are clear, 
well defined, and well known to the librarians. 

There is nothing so necessary as that scientific thought 
and method should be embodied, classified, and arranged, 
preliminary to its organization as a whole. It would 
quicken the slow process of improvement that has 
extended over a thousand years. It is wonderful that it 
should be necessary to say this in the nineteenth century. 
The need for organization in all departments of science is 
keenly felt ; and the growth of Positivism in these latter 
days is one of the expressions of that need. Three 
centuries ago Bacon aimed at the organization of the 
sciences, holding that the sciences can be advanced only 
by combining them ; that, as natural laws arc invariable 
and uniform, “ Physics being the mother of all science,” 
30 moral and civil philosophy could not flourish when 
separated from their roots in natural philosophy. 

On national groui'.ds it is necessary that this work 
should be done, for it is in the interest of the community 
generally, of the nation, that we should know what we 
possess. Public libraries and educational institutions are 
increasing ; scientific experiment, discovery, and inven- 
tion are increasing ; and the demand for such a subject- 
catalogue win increase. Its value to the community 
would be inestimable. If it is thought advisable that the 
Royal Society or the Society of Arts should take the 
work in hand, the work should be subsidized by the 
Government, for the simple reason that it would be of 
national value. Scientific research is not so remunerative 
but that the student may fairly expect facility of access to 
the labours of those who have gone before. The want of 
a servi^able key to the vast body of scientific work con- 
tained in our literature is daily experienced by cultivators 
of science. There is a serious necessity that this material 
should be made more readily accessible for comparison, 
for verification, And for improvement. Much of it is a 
monument of shattered hopes, the unsuccessful efforts of 
poverty and despair ; but all of it is suggestive to the 
eaxneot student. 

0 one Society or publisher can take the work in hand 
out Government support or benefaction, Attempts 
have bc^ made, such as the attempt of the Royal 
Society, and that of Agassiz in his "Bibno^phia Zooio- 
glse ct Geologise,” published by the Ray Society, which 
velbtolnouft work, be it remembered, “ was mainly com- 
ped ly the Professor for his own private use during 
^ Inbam monMmtft of a life of almost incessant scientific 
In whatever hands tlie work may be placed, 
tbops U no doubt that the co-operation of the scientific 
in%ht be relied upon. With regBxd to the 
afliatance from the Govemmeiit, the following 




Minute of the Lords Commissioners of Her Majesty’s 
Treasury, dated November 28, 1864, referring to the 
Roval Society's Catalogue, is very suggestive 

‘‘Having regard to the importance of the work with 
reference to the promotion of scientific knowledge jgene*- 
rally, to the high authority of the source from whi^ it 
comes, and to the labour gratuitously given by members 
of the Royal Society to its production, my Lords consider 
themselves justified in having the work printed at the 
cost of the public, with the understanding that, reserving 
such a number of copies for presentation as my Lords, in 
communication with the President of the Royal Society, 
may hereafter determine, the work shall be sold at such a 
price as may be calculated will repay the cost of printing. 

“ Their Lordships, however, desire it to be understood 
that the work shall go forth to the public under the 
authority of the Royal Society, by the exertions of whose 
members this important aid to the study of science has 
been produced.” J. Taylor Kay. 


//^^WESCENr CRYSTALS.^ 

T he principal subject of the lecture is the peculiar 
coloured reflection observed in certain specimens of 
chlorate of potash. Reflection implies a high degree of 
discontinuity. In some cases, as in decomposed glass, 
and probably in opals, the discontinuity is due to the 
interposition of layers of air ; but, as was proved by 
Stokes, in the case of chlorate cr)‘stals the discontinuity 
is that known as twinning. The seat of the colour is a 
very thin layer in the interior of the crystal and parallel 
to its faces. 

The following laws were discovered by Stokes ; — 

(i) If one of the crystalline plates be turned round in 
its own plane, without alteration of the angle of incidence, 
the peculiar reflection vanishes twice in a revolution, viz. 
when the plane of incidence coincides with the plane of 
symmetry of the crystal. [Shown.] 

{2) As the angle of incidence is increased the reflected 
light becomes brighter and rises in refrangibility. [Sbown.J 

(3) The colours arc not due to absorption, the trans- 
mitted light being strictly complementary to the reflected. 

(4) The coloured light is not polarized. It is produced 
indifferently whether the incident light be common light 
or light polarized in any plane, and is seen whether the 
reflected light be viewed directly or through a Nicol’s 
prism turned in any w^. [Shown.] 

(5) The spectrum of the reflected light is frequently 
found to consist almost entirely of a comparatively narrow 
band. When the angle of incidence is increased, the 
band moves in the direction of increasing refrangibility, 
and at the same time increases rapidly in width. In 
many cases the reflection appears to be almost total. 

In order to project these phenomena a crystal is pre- 
pared by cementing a smooth face to a strip of glass, 
whose sides arc not quite parallel. The white reflection 
from the anterior face of the glass can then be separated 
from the real subject of the experiment. 

A very remarkable feature in the reflected light remains 
to be noticed. If the angle of incidence be amaJJ, and if 
the incident light be polarized in or perpendicularly to the 
plane of incidence, the reffected light is polarized in the 
o^^ife manner. [Shown.] 

Similar phenomena, except that the reflection is 
are exhibited by crystals prepared in a manner described 
by Mad an. If the crystal be heated beyond a certain 
point the peculiar reflection disappears, but returns upon 
cooling. [Shown.] 

In all these cases there can be little doubt that the re- 
flection takes place at twin surfaces, the theory of such 
reflection {Phil Sept. 1888) reproducing with re- 

* Abftwt of the Frrdoy lecture delivered by Lord lUylelgb, F. R.S. 

at tbtt Xottitudim oit' April is, 18S9. 
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txutrlcable exactness most of the features above described, 
til order to explain the vigour and purity of the colour 
redacted in certain crystals^ it is necessary to suppose that 
there are a considerable number of twin surfaces disposed 
at approximate equal intervals. At each angle of in- 
cidence there would be a particular wave-length for which 
the phases of tne several redections are in agreement. 
The selection of light of a particular wave-len^h would 
thus take place upon the same principle as in diffraction 
spectra* and might reach a high degree of perfection. 

In illustration of this explanation an acoustical analogue 
is exhibited. The successive twin planes are imitated by 
parallel and equi-distant diskaof muslin (Figs, i and 2) 
stretched upon brass rings and mounted (with the aid of 
three iazy-tongs arrangements), so that there is but one 


of freedom to move* and that of such a charaeter 
as to vary the interval between the disks without disturb* 
ing their equi-distanoe and parallelilsih^ 

The source of sound is a bird-call* giving a pure tone of 
high pitch (inaudible)* and the percipient is a high-premure 
dame issuing from a burner so oriented that the direct 
waves are without induence upon the dame (sec NATURa* 
xxxviii. 208 j Proc. Roy, lnst,j[anuary 1888)- But the waves 
reflected from the muslin arrive in the edective direction^ 
and if of sufficient intensity induce daring. The experi-* 
ment consists in showing that the action depends mxin 
the distance between the disks. If the distance be such 
that the waves redacted from the several disks co-operate/ 
the dame dares, but for intermediate adjustments re- 
covers its equilibrium. For full success it is necessary 



that the redecrive power of a single disk be neither too great 
nor too small. A somewhat open fabric appears suitable. 

It was shown by Brewster that certain natural specimens 
of Iceland spar are traversed by thin twin strata. A con- 
vergent beam, reflected at a nearly grazing incidence from 
the twin planes, depicts upon the screen an arc of light, 
which is interrupted by a dark spot corresponding to 
the plane of symmetry. [Shown.] A similar experiment 
may be made with small rhombs in which twin layers have 
been developed by mechanical force after the manner of 
Reusch. 

The light redected from fiery opals has been shown by 
Crookes to possess in many cases a high degree of purity. 


rivalling in this respect the redection from chlorate of 
potash. The explanation is to be sought in a periodic 
stratified structure. But the other features differ widely 
in the two cases. There is here no semicircular evanes- 
cence, as the specimen is rotated in azimuth. On the 
contrary, the coloured light transmitted perpendicularly 
through a thin plate of opal undergoes no change 
when the gem is turned round in its own plane. This 
appears to prove that the alternate states are not related 
to one another as twip cr}'stals. More probably the 
alternate strata are of air, as in decomposed glass. The 
brilliancy of opals is said to be readily affect^ by atmo- 
spheric conditions. 


NOTES. 

The thirty -eighth meeting of the American Association for the 
Advancement of Science will be held at Toronto, On Tuesday, 
August 27, at noon, a meeting of the Council will be held 
at the Queen's Hotel, where will be the hotel head-quarters of 
the Attociation, On Wednesday, August 28, the first general 
session will begin at 10 o'clock in the forenoon in the Con- 
vocation Hall, University Buildings, After the adjournment of 
the genera) session, the several Sections will organize. In the 
ademoon the Vice-Presidents will give their addresses before 
their respective Sections, and in the evening there will be a 
general session, when the retiring President, Major J. W. Powell, 
will deliver his address. The sessions will continue until the 
Tuesday evening following, and on Wednesday morning, Sept- 
ember 4, a meeting of the Council will be held. Saturday, 
August 31, will be devoted to« excursions. The meeting will 
close with excursions extending to September 7. The general 
sesrions and the meetings of the Sections will be held in the 
University Buildings, where also will be the offices Of the local 
committee and of the permanent secretary during the meeting. 


Scitnet states that arrangements have been made for a discussion 
in Section B on the ‘^Relative Merits of the Dynamometric 
and Magnetic Methods of obtaining Absolute Measurements of 
Elect ric Currents. ’* P rof, Thomas Gray, of the Rose Polytechnic 
Institute, will open the discussion with a paper on the Subject, 
and he will exhibit one or more of Sir William Thomson*s most 
recent forms of electric balance. Arrangements have been nmde 
by the local committee for the proper care and exhibition of 
instruments and specimens* 

Efforts are being made by the American Association for 
the Advancement of Science to form a National Chemical 
Society, with its head-quarters at Washington « A meetii^ Will 
be held to consider the matter during the session of the 
American AaOodation at Toronto, 

Tke annual general meeting of the Marine Biotogjteal 
Association was held in the rooms of the Royal Society on the 
26th ult. In the absetioe of Prof. Huxley, the chair was taken 
by Sir E. Bowman, and there were present, among others, 

* It reflection wtreeWPesdlwbr, the {oterval hetWeau sooMssIlw dM 
w^uk) be cqualto the buu wave-length, or meonw tuukkrte of mi*- . 
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Praf, Flower, Prof, E, Kay Lankrster^ Admiral 
JUr ErasiDUf Orntnanney, Mr. Gasaiott, and Mr. Crisp. The 
T6povt of the Council shows that a most satisfactory amount of 
work ha8 been done at Plymouth since the Laboratory was 
0|>ened at the end of Jane last year. Studies on various matters 
connected with the fishing industry are being carried on under 
the instructions of the Council, the most important being the 
etndyof the life-hUtory of the common sole, by Mr. Cunningham, 
and an investigation on the sense-organs of Bshes, by Mr. 
Bateson, which it is expected will throw new light on the bait 
qaestion. Other naturalists, among whom Mr. Weldon may be 
specially mentioned, have utilized the l.aboratory for carrying on 
independent biological researches, and much valuable work is 
being done. The Director of the Liboratory (Mr, Bourne) 
reports that the arrangements at the Laboraloiy are very 
satisfactory, and that the arrangements for the rirciiktion of sea- 
water in the aquarium have worked well during the year. A 
substantial increase has been made Jn the library, a complete 
set of the Challenger publications,* resen ted by the Lords 
Commissioners of the Treasury, being the most noticeable 
addition to its shelves. With one exception, the officers, Vice- 
Presidents, and Council, are the same as last year. Mr. Crisp 
has been compelled by increasing pressure of work to resign the 
post of Hon, Treasurer, which he has held with so much profit 
to the Association since its foundation. His place is taken by 
Mr. E. L. Beckwith, formerly a Prime Warden of the Fwh 
mongers* Company, and Mr. Crisp retires lo the Council vice 
Mr. W, Caine, M.P. 

The Council of the Library Association has decided to hold 
the twelfth annual meeting of the Society in London during ihc 
second week in September. The Masters of the Bench of 
Grayk Inn have placed their Hall, for the third time, at the 
disposal of the Association. 

On the night of June 15, about 10 p.m., there was a shock of 
earthquake, accompanied by a heavy subterranean rumbling, 
In the villages around Lake Arreid, in Denmark. Windows 
rattled and furniture oscillated, and in one place people ran out, 
believing that a powder-mill had exploded. The sound seemed 
to Come from the east. 

On June 12, at 11,16 p.m., a brilliant orange- coloured meteor 
was seen at Copenhagen. It radiated at t Lconis, moving 
slowly towards Virgin is, where it burst into mapy frag- 

ments. It was accompanied by a tail, pointed at the end, about 
*• in length. 

' In 1886 the Prince of Monaco, wishing to study the course 
of the Gulf Stream, threw into it some copper flasks from the 
Hinmdellc* Three of these flasks have come ashore on the 
tooth coast of Iceland, two near the 0 Mountains, in the Ran- 
g 4 rvaU district, and the third at Fldj, in the Amaes district. 

It appears that the meteoric stone found in Scania, and ac- 
quired by Baron Nordenskibld for the National Museum at 
Stockhbim (p. 179), fell on April 6, and that its fall was accom- 
panied by a red flash like lightning and a thundcr-Hke <letona- 
tion. It weighs 11 kilogrammes, and had made a hole 30 
centimetres in depth ; but, having recoiled, it Jay on the level 
ground a! the edge of the hole. The colour is greyish-black, 

, iqiid the ilracture greyish- white, Frbm a hasty analysis made by 
Herr A. Wing&rdh, of Helsingborg, the chief mass appears 
to cqn^t of mSngancse, in which are yellow and grey 
particl^^ of The meteorite seems to have been in a 

sutc* being covered with a glazed coating of fused metal 
4 tqiliiinetre in thickness. 

, TtttbouOH the effort* of Dr. Filip Tjybotn, the Swedish 
Society is attempting lo acclimaire the Amerl<3en 


oyster, imported from Connecticut, in several places along the 
coast of the province of Bohus. The young oysters seem to 
thrive well. 

The Norwegian cod- fishery in Finmarken this spring has 
been above the average, viz. 16,000,000 fish, against 9,000,000 
last year. In Lofoten the fishery was a good average one, 
yielding 20,000,000 fish. Here the shoals congregated off the 
fishing'bank, in deep water, some five to ten miles from the 
shore. ^ 

On both sides of the Jbsen Fjord, on the west coast of Nor- 
way, mountains rise perpendicularly to a height of several 
thousand feet. One morning, some days ago, stones and rocks, 
some of which are said to have been ns large as a house, began 
to fall on the western side of the fjord. The avalanche con- 
tinued for over two hours, accompanied by a noise heard 10 
miles distant. A black cloud settled over the fjord, the water 
of which was in terrible commotion for many hours. 

At a recent meeting of the Scientific Society of Copenhagen, 
prof. Steenstrup gave an account of the results of his examina- 
tion, last year, of the great mammoth deposit at Predmost, in 
Moravia. Dr. Wank cl and Prof, Maschka, who have devoted 
much attention to the subject, are of opinion that the mammoths 
whose remains are found in this district were killed by man, and 
that their bodies were dragged thither to be eaten. Prof. Steen- 
strup, on the contrary, holds that the mammoths themselves 
sought the locality, and that they must have died from want of 
water, or from some othqr cause with which man had nothing to 
do. The splits in the remains are due, he thinks, to the action 
water and sand, and afford no support to the notion that the 
knuckles were cleft for the sake of the marrow. It is certain 
that some of the bones have been exposed to the action of fire ; 
but Prof. Steenstrup maintains that the traces of fire may be 
due to the fact that fires were at one time lighted upon them. 
On some of them, decorative lines have been scratched, but 
these may have been made long after the mammoth was extinct 
in Moravia. The lines, according to Prof. Steenstrup, arc 
identical with the ornamentation of pottery of the Neolithic 
Age. 

Mr. Boswokth-Smitk. in a leport on the Kolar Gold Field, 
in Southern India, issued by the Madras Gjvernment, records 
some “finds*' of old mining implemeuts, old timbering, frag- 
ments of hones, an old oil lamp, and broken pieces of earthen- 
ware, including a crucible, the remains of ancient mining 
operations. He expresses astonishment at the fact that the old 
miners were able to reach depths of 200 or 300 feet through 
hard rock, with the simple appliances at their command ; and 
he describes ihc method which he thinks they pursued, sinking 
pits at short distances from each other, and leaving a “bar” 
between to prevent falling in. 

Heur Kick ARP Andrek has issued a new aerie-, of 
his ethnographical parallels and comparisons. Ten ycar« 
ago the first series appeared, and now, as then, the system 
pursued is lo select a particular topic and then range over the 
whole literature of ethnology in search of references to the par- 
ticular subject and collate them, until, finally, an ethnological 
monograph on the topic in question is produced. This method 
of work is of course exceedingly laborious, but it has the merit 
of being exhaustive and effective. Single subjects are thus worked 
out, and the results published in some scientific periodical ; as 
soon as one is concluded another is taken up, and so on. By 
and by material for a volume is accumulated, the various sub- 
jects are brought up to date, and the public gets a work on 
ethnology, conceived on a novel plan, and full of interest. Each 
topic is pursued all over the earth, from country to country, with 
marvellous industry. The present volume deals with such topics as 
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albinoR, gntnes, m«sk«, marki of property, saperatitions 
ctonnected with the chase, *' tree and man,” circumcUlon, draw- 
ing amongst primitive peoples, thunderboUa, money for the 
deadr emotional eapreasions and gestures, demoniacs a^ mental 
disorders, &a » 

The latest number of the Joarnal of the Asiatic Society of 
Bengal (vol. Hi. part ii. No, 4) contains, among other papers, 
some interesting notes, by Prof. J. Wood Mason, on objects 
from a Neolithic settlement recently discovered by Mr. W. H. P. 
I>river, at Ranchi, in the Chota Nagpore district. Among the 
cdDijects described, and represented '6n plates, are some chisel- 
edged arrow-heads similar to those which harve been found in 
Egyptian tombs— in several cases still secured by bitumen to the 
sfaaft^-axid on Neolithic sites in diflTerent parts of Europe, 
including the British Isles. 

The Trustees of the Indian Museum, Calcutta, have issued 
the first number of a Catalogue, by Prof. J. Wood Mason, of 
the Mantodea, with descriptions of new genera and species, and 
an enumeration of the specimen*^, in the collection of the ' 
Museum, This number consists of 48 pages, and U illustrated with 
34 woodcuts. 

We have to welcome the first report on Greek climate pub- 
lished in Greek by Prof, Sp. E. Marinos, of Corfu. Some 1 
meteorological reports relating to Greece have at times appeared { 
in the Proceedings of the Society Parnassus at Athens, but these 
have mostly emanated from the late Baron Sina’s observatory, 
directed by Dr. Schmidt, have related to Attica, and have been 
published in Gernian. The present paper is a short notice of the 
records of Corfu for 1887 and 1888, 

The Annual Report of the Director of the Mauritius Observa- 
tory for the year 1887 shows that the mean leraperalure of the 
year was l‘‘’4 below the average, and that the temperature .was 
below the average in every month, the greatest deviation being 
in August. No storm passed near the island, which has 
not been viwilcd by a hurricane since March 1879. During the 
year 1887 the velocity of thirty miles an hour was reached only 
once, in Jane. Rainfall is recorded at seventy- five stations, and 
Dt. Meldrum states that the comparisons made during the last 
ten years show conclusively that there is a close connection 
between the rainfall and Che malarial fever on the low lands. 

In his last Meteorological Report for India, Mr. Elliot, re- 
ferring to sun-spots and weather in India— a subject which has 
been frequently mentioned in these Reports — says : — ** So far as 
India is concerned, it would appear that it is Che period of mini- ^ 
mum sun-spots which is associated with the largest and most ; 
abnormal variations of meteorological conditions and actions. | 
Thus, exceptionally heavy snow fell in the North-West Hitna- j 
layas in the winter of 1866, and again in 1876 and 1 87 7. 
The latter is to some extent described in the Annual Reports 
on the meteorology of India for .these two years. Again, the 
most striking and disastrous famines of recent years in India 
have occurred near the period of minimum sun spots ; as, for 
example, the Orissa famine of 1866, the Behar famine of 1874, 
and the Madras famine in 1876-77. Similarly, there is a clearly 
marked tendency for the largest and most intense cyclones to 
occur shortly before the period of minimum sun-spots ; as for 
example, the great Calcutta cyclone of {864, in which 60,000 
people were drowned by the storm -wave, and the still larger 
Backerganj cyclone of 1876, in which 100,000 lives were lost 
by drowning. As vre are now approaching or passing through 
the same phase of ihe sun-spot period, it u interesting to inquire 
whether there are any large abnormal variations common to the 
present period of minimum sun-spots, and the previous corre- 
aponditig periods of 1865-66 and 1876-77.” 


The Manchester Miomeopicat Society has publishod 
Annual Report, wUh a Presidential address, by Ihrof. 
Marshall, on ** lnherxtaiac»i” and a lecture, by Prof. W. Stirlings 
on "Electrical Bhenomeoa in Animals.” The volume a$eO’ 
contains many papers and communications by membem of 
Society. 

The new number of the MiHira/offirai Ma^gaxiiH opens with 
a valuable paper, by Mr. Fletcher, on crystals of percyUte, cara- 
colite, and an oxychloride of lead (daviesite) from Mina Beatrix, 
Sierra Gorda, Atacama. 7 'he number also contains, besides 
some shorter papers, an article by Prof Judd, on the procewes by 
which a plagioclase felspar is converted into a scapoUte. 

The ninth part of Cassell's "New Popular Educator” haa 
just been published. It contains a good map of the world, 
showing isothermal lines, and the distribution of races an'd 
vegetation. 

The first twelve nuuArs of Zi/e a monthly magazine 
of biology, have now been collected in a volume, a copy of 
of which has been sent to us. The volume contains many 
brightly- writ ten articles, and should do much to excite the in- 
terest of young readers in the more popular aspects of biological 
science. 

Prof. Milton Whitney, Professor of Agricidture and 
Vice-Director of the Experiment Station of the University of 
South Carolina, has devised a modification of Six‘s thermometer 
for soil temperature. The bulb is 6 inches long, protected by a 
metallic cylinder perforated with many holes, and is buried if> 
the soil, so that the bulb shall extend from 3 lo 9 inches below 
the surface of the soil — the maximum and minimum scale being 
of course above the soil, and arranged very much ai in the 
ordinary Six’s form. The long bulb allows a good height of 
scale, while it is narrow enough to respond readily to changes of 
temperature. In a series of readings the instrument gives exactly 
the mean of the readings of a 3-, 6*, and 9 -inch thermometer ol 
the usual form placed beside it at these respective depths in thv 
I soil, besides recording the maximum and minimum temperatures. 
This length of bulb and depth in the soil was decided on, as k is 
assumed to be the depth which contains most of the roots of the 
ordinary cultivated plants. The instrument need only be read 
! once a day, and saves an immense amount of caloulatibn 
and tabulation attending the tri-daily readings of the6to8fii^ 
struments comprising the set of the usual form. 

The Russian Geographical Society is now publishing il» 
Memoirs in parts, each of which contains a separate paper, 
and is circulated as soon as the paper has been printed. The 
last parts of the " Memoirs of General Geography "contahr tbr 
following interesting papers; — "The Agricultural Meteoro- 
logical Observations in Russia in 1885 and 1886,” by Dr, 
Woeikof, being the observations made at fifty-one different 
stations in accordance with a scheme issued by the Geographical 
Society ; ** On Barometrical Observations at Distant Stations 
and during Journeys,” by R. N. Savelieff ; "On the Maaturea 
taken In Western Europe for consolidating Abiding Sands, and 
growing Bushes and Trees upon them,” by S. Rauncr ; and "On 
the Comparison between Normal Barometers of the Brincipal 
Meteorological Stations of Europe,” by P. Brounow. It appe» 
that the corrections to be applied to the pressures riiovdi by tlie 
barometers of the following stations are as fellows (the borma^ 
barometer at Bt. Petersburg being taken for zero) 

- 0-02 millhaetres ; Hambutg, - 0-39 ; Utreebt, ,0’32 ; 
Brussels, -t- 0*23 ; Paris, + o'li ; Sevres (Bureau Iiitarnalional 
des Poids et Mesutes), -I- 0^10 ; Zurich, - ; Viensta^ 

-P out. 

In a commmilearion lotaly inaile to the Ruarian < 3 «t>gtai>bical 
Society, General Aimetvfeo^ insisted tipont the poeribilPy of 
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Tmuew^uui r«ftion being coloni^id. He pointed onl that the 
^dle 0^ loeas which encircles the mouniainjs is ^uitc as pro- 
at the toess in China. The climate is, of cour^, quite 
dlffetent— not so much on account of the want of rain (the amount 
of tain at Merv, during the winter months of 1885-86, 
teacbed the very High figure of 1654 millimclTes), as on account 
of its absence during the summer months. But the rivers of the 
tegion-— the Amu, the Tcjen, and the Muqjhab— if their waters 
were uftiiized for irrigation, instead of being lost in the sandy 
deserts, would supply the amount of water necessary for irri- 
gating immense tracts of land. All that is wanted to make of 
Central Asia a rich oasis of agnculture is hunun labour and 
human intelligence. The soil, when irrigated, is not inferior in 
fertility to the fertile loess fields of China. 

TitE Inspector- General of Indian AfTairs in Canada, in his 
Rq>ort for the past year, urges the continuation of the policy of 
amalgamating the Canadian Indians as far as possible with the 
iturrounding population, especially by^nducing them to adcjpt 
agrioultore and handicrafts, so that they may acquire a taste for 
a settled life. The Indians of the Province of Ontario seem to 
be most successful in reaching this end, and in all cases the 
tribes show an increase in numbers. There were no serious 
^Hsttirbances during the year, and the only excitement was pro- 
duced amongst the natives on the Upper Skeena, in British 
Columbia, owing to the arrest and execution of one of their 
number for murder. The total number of Indians in the Do- 
minion is given at 124,589; of these, 37,944 are in British 
Columbia, 36,368 in Manitoba and the North-Western Territory, 
17,700 in Ontario, 12,465 in Quebec, 8000 in Athabasca, 7000 
in the Mackenzie district, 4016 in Eastern Rupert’s Land, 4000 
•on the Arctic coasts, 3145 in New Scotland, 2038 in the Peace 
River district, 1594 in New Brunswick, 1000 in the interior of 
Labrador, and 319 in Prince Ed>vard*s Island. 6127 Indian 
youths and girls attend the schools provided for them, nearly 
half the pupils belonging to Manitoba and the North-Western 
Territories ; of the 956,000 dollars appropriated for native 
af&im, the same districts received 876,000 dollars. 21,344 acres 
■of the land set apart for the improvement of Indians were 
alienated during the year, and 458,283 acres still remain. 

The additions to the Zoological Society’s Gardens during the 
paiE week include a Black -headed Lemur {Lemur brunneus 6) 
from Madagascar, presented by Mr. Clmrles C, Stewart ; four 
Angora Goats {Ca/yra /circus, var., <5 9 9 9 ) from BarroJ, Cape 
Colony, presented by Messrs. Theophilus Bros. ; a Two-spolied 
Paradoxure {J/muiittia /nnpfaia) from West Africa, presented 
by Mr. Philip Lemberg ; a Ring -necked Parrakeet 
Urfuaiust yellow var.) from India, presented by Colonel C, Swin- 
hoe ; a Common Kestrel ( Tinnuttculus aiau<ianus)t British, 
preaetited by Master W. P. Teil ; two Goshawks {Asiur faimn- 
European, deposited ; a — I-emur {HapaUmur, sp. 
ke.) from Madagascar, two Undulated Grass Parrakecls 
^nduiatus) from Australia, purchased ; a Thar 
{CaptB Jimiaka), two Mule Deer (Cariacus macroHs 6 6 )y 
American Wild Turkeys {Mtleagrh gailo pavo), l>rcd in 
the Gardens. 

Om ASTRONOMICAL COLUMN 

AsTiM^bMtCAi. Society of the Pacific.— The second of 
tiM {uiMhuMions of this Society ha^ appeared, oontaining an ad- 
dress deUvared before the Society on March 30, r889, by the 
Prof. Holden, on "*The Work of an Astronomical 
PrM’. Holden sketched the stale of aatronomical 
•hknton in England immcdiatBly prior to the foundation of the 
AKtranomical Society, and quoted freely from iu first 
^ the spirit which should Inspire similar onjanka- 

l^em^sPxtrf; Holden especially put lorward 
hi ,*oie by ifee new body were the publication of ob- 

of amatetir workew, especiatty those who 


\yere skilled photographere, the instruction of learners, the forma- 
tion of on astronomical libniry, together with all the advantages 
resulting from free discussion, and the friendly interchange of 
ideas. The addre-s was ablq, straightforward ojsd unpretemiouSf 
and concludes with the recommendation, ** Whatever we do, 
let us do thoroughly. Whatever we say, let it be wcU considered 
Let us clearly understand the objects for which we are organised, 
and let us pursue these with entire confidence.” With these 
principles for its guidance, the new Society will not fail of an 
nonourable and useful career. 

A New CoxfEl’.^A new comet was discovered by Mr. E. E, 
Barnard (Lick Observalor)^) on June 2 3 ’9499 G.M.T., R.A. 
20** 13' 21^ N.P.D 51® 9' 16"; daily motion, R.A.-I-I* 6', 
N.P.D, - 0® 34'. The comet was only faint. 


l^HE 


ASTRONOMICAL PHENOMENA FOR 
WEEK 1889 JULY 7-13, 

/p^OR the reckoning of time the civil day, commencing at 
^ ^ Greenwich mean midnight, counting the hours on to 34, 
is here employed.) 

Ai Greemvich on July 7 

Sun rises, 3h. 55m, ; souths, I 3 h. 4tn. 40*01. ; daily increaw of 
southing, 9 ‘5s. ; sets, 20h, 1510. : right asc. on meridian, 
7h. 7*3m. ; deck 22* 33' N. Sidereal Time at Sunset, 
]5h. 19m. 

Moon (Full on July 12, 2ih.) rises, ijh. 46m.; souths, 
I9h. 16m.; sets, oh. 34m.*: right asc. on meridian, 
I4h. i9*8m. ; deck 8* 49' S. 


Planet. Rises. 

Souths 

Sets. 

Right asc. and declination 
on meridian. 

h. m. 

h. nu 

h. ou 

h. m. 


Mercury.. 2 49 . 

. 10 40 . 

. 18 31 . 

• s 42 -3 

.. 19 44 N. 

Venus..... I 18 . 

. 8 SI . 

. 16 24 . 

• 3 S 3‘4 

.. 16 46 N., 

Mars 3 21 . 

. II 41 . 

. 20 1 

• 6 43 5 

*3 SS N. 

Jupiter.... 19 9 • 

• 23 3 ■ 

,. 2 57 *. 

. 18 7-6 

.. 23 s 

Saturn.... 6 55 . 

. 14 24 ■ 

. 21 53 . 

. 9 zO'S 

.. i6 14 N. 

Uranus ... 12 33 . 

. iS 4 . 

■. 23 35 . 

• >3 7 » 

.. 6 28 8. 

Neptune., i 16 . 

■ 95 . 

16 54 .. 

• 4 76 

... 19 18 N. 


.laly. 

[O 


12 


* InJicat«a that the setuos itt Utat of the following inoraiag. 
h. 

8 ... Venus at greatest elongation from the Sun, 

46” west. 

14 ... Jupiter in conjunction with and o'’ 52' south 

of the Moon. 

10 ... Mercury at greatest elongation from the Sun, 

zY west. 

12 ... — ... Partial eclip-ic of the Moon; first contact 

with shadow, igh. 431x1. ; middle of eclipse, 
20h. 54m, ; last contact with shadow, 
22h. 5m. In England the Moon rises 
generally before the middle of eclipse. 

Saturn, July 7.— Outer major axis of outer ring = 37'’'*4 ; 
outer minor axis of outer ring -= 9" ‘2 ; southern surface visible. 
Variable Stars, 
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OPTICAL TORQUE! 

1 . 

i^EVENTY-ElGHT ^ara have elapsed since the jSrst dU" 
^ oovervi by Arago; of tbft remarkable chromatic effects 
|[>rodaced by slices o? itjuarts crystals upon light, previously 
polarized, which was caused to traverse them. These effects 
were shown, one year later, by Biot, to be caused by a peculiar 
action of the quartz in rotating the plane of polarization ; the 
amount of the rotation being dijferent for lights of different colours. 
Ever since then, the rotation of the plane of polarization of light 
has been a topic familiar to physicists. It has stimuldted the 
devotee of research to an endless variety of experiments and 
suggestive speculations : it has lured on the mathematician to 
problems which tax his utmost skill : it has afforded to the lec- 
turer an array of beautiful and striking illustrations. Here, in 
this place, made classical by the researches and expositions of 
Thomas Young, of Michael Faraday, and of William Spottis- 
woode, and last, but not least, by the lal>ours of those eminent 
nien whom we rejoice still to number amongst the living — here, 
I say, on this classic ground, the rotation of the plane of polar- 
ization of light is almost a household word, and its phenomena 
are amongst the most familiar. We know now that not only 
certain actual crystals, such as quartz, bromate of soda, and 
cinnabar, rotate the plane of polarization, but that many non- 
crystalline bodies — liquids, such as turpentine, oil of lemons, 
golutions of sugar and of various alkaloid^, and even certain 
vapours, such as that of camphor — possess the same properly. 

In 1845, culminating point of hU unique career 

of research, Faraday opened a new held of inquiry, linking 
logethcr for the first lime the science of optics with that of 
magnetism, by his discovery that the rotation of the plane of 
polarization of light could be effected by the application of mag- 
netic forces. This effect he ohserved first in his peculiar ** heavy- 
glass,’* when it lay in a powerful magnetic field. Subsequently 
be found other bodies to possess similar properties : some of 
these being magnetic liquids, such as solutions of iron, others 
being diamagnetic. Time w'ilJ only permit me in passing to 
refer to the researches of Verdet, and those of Lord Rayleigh 
and of Mr. Gordon upon the numerical values of the magne’o- 
optic rotation in these substances. H. Becquerel has extended 
them to gases, and has shown how the magnetism of the earth 
rotates the plane of polarization of the light which, previously 
polarized by reflection from the aerial particles which give the 
sky its ** blue,” passes earthward through the oxygen of the air. 

Other experimenters have dealt with the rotatory effects 
(whether crysiallme, molecular, or magnelic) in relation to 
lights of different colours, and have studied the dispersion 
which arises from the greater actual angle of optical torsion 
which is produced upon waves of short wave-length (violet and 
blue) than that which is produced under the influence of equal 
rotatory forces upon the waves of longer wave-length (red and 
orange;. It has also been demonstrated that the plane of polar- 
ization of waves of invisible light, whether those of the infra-red, 
or those of the ultra-violet species, if they have been i)reviou8ly 
polarized, can b; rotated just as can that of waves of visible light. 

In 1877, Dr. Kerr, of Glasgow, discovered a point which 
Faraday had sought for, but fruitless]y~-namely, that in the act 
of reflection at the pole or surface of a magnet, there is a rota- 
tion of the plane of polarization of light. This discovery was 
completed in 1884 by Kundt, of Strasburg, by the further 
demonatration, also dimly foreseen by Faraday, that a mdg- 
neto-optic rotation of the plane of polarization U caused by 
the passage of previously polarized light through a normally 
monetized film of iron so thin as to be transparent. 

^stly, in this brief enumeration, we were shown a month 
by Oliver Lodge, how the magnetic impulses generated by 
the rapid oscillatory discharges of the Leyden jar can pro- 
duce corresponding rapid oscillatory rotation in the plane of 
polarization of the waves of previously polarized light. 

You will not have failed to notice the cumbrous phrase which, 
whether in speaking of the purely optical effects (of quartz, or 
sugar, or turpentine), or in speaking of the magneto- optic effects 
of more recent discovery, I have* employed to connote a very 
simple fact. You may hive wondered that any lover of simple 
Ei^Ush speech should indulge in such sef^uip^alhin words. 

Of course, at ^hii period of the nineteenth century it is 
no longer open to debate that light consists of waves. The 

* A Pi3<iour» delivered at the Royal loidt jtion, May 17, 1889, by Prof, 
ftilwiQi P. ThcMupfOn. 


plane of polarization of the waves of light is the plane of polar- 
ization of the light itself. The rotation of the plane of 
polarlzatiOT is the rotation of the polarized waves, and therefore 
of the polarized light itself. Yet I must draw attention to the 
fact that in all the array of discoveries which I have enatnep* 
ated, that which had been observed was the rotation^whether 
by crystalline, molecular, or magnetic means— ^not of natural 
light, but of light which had by some means been previously 
polarized. It was not known to Arago or to Biot, to Fresnel, 
to Faraday, nor even to Spottlswoode or to Maxw^l, that 
natural unpolarized light could be rotated. They may have fa* 
ferred so, but it was not in their time even demonstrable that a 
beam of circularly-polarized light could be rotated upon itself in 
the same sense as that in which a beam of plane-polarized light 
could be rotated. 

That light of any and every kind, however polarized or devoid 
of that which is called polarization, can be, and in fact is, 
rotated when it passes across a slice of quartz or along a mag- 
netic field, is a wider generalization of more recent date ; but 
one of the reality of which I hope to convince you before the 
warning finger of the clo^ puts a period to my discourse. 

In order the better to enable this audience to comprehend the 
ultimate .significance of this discovery, I must claim the indul- 
gence of those amongst them who arO already familiar with the 
subject of the p^^larization of light, whilst I go back to the most 
simple elementary matters. Having illustrated the fundamental 
facts about the plane of polarization of light and its twisting, 1 
shall then po on to methods of precisely measuring the amount of 
optical torsion produced by the various substances under various 
conditions. And after dealing with the magnetic os well as the 
crystalline and molecular methods of producing optical torsion 
in the cose of light that has been previously polarized into a 
given plane, I shall he in 0 position to speak of the nature of the 
torc^ue,^ or twisting force, which in the several cases produces the 
torsion ; and shall finally endeavour to indicate the scope of the 
researches by which it is now definitely ascertained that the very 
same optical forces which are capable of impressing a rotation 
upon light wJiich has been artificially pfjiarized into a definite 
plane are also capable of impressing a rotation upon natural^ 
non*polarizcd light. 

At the outset, to elucidate to any who may not comprehend 
the meaning of tlte term polarization as applied to wave-motion, 

I will show a simple app.aratus, constructed from my designs 
by Mr. Groves. In this there arc two sets of movable beads, 
fixed upon stems which pass into a box containing a piece of 
mechanism actuated by means of a handle. These beads, when 
I turn the handle, oscillate to and fro in definite directions, and, 
by their succeysivc motions, give rise to progressive waves. One 
i set of beads, tinted red, executes movements in a plane inclined 
I 45° to the right, another set, silvered, simultaneously executes 
I movements at 45“ to the left. There are therefore here two 
I waves, the planes of j^olarization of their movements being at 
right angles to one another. Their velcMiity of march is equal ; 
but in this model, as a matter of fact, their phases differ by one- 
quarter— that is to say, each successive wave of the one set 
always a quarter of a wave-length behind the corresponding Wave 
of the other set. [Model exhibited.] 
j Now, in the case of waves of natural light from all ordinary 
I sources — sun, stars, candles, gas- flames, Or electric light— the 
; waves emitted are not found to be polarized. That is lo ^y, 

; their motions are not executed in any particular plane, nor even 
j in any particular path of any kind ; they appear to be ablolutaly 
I heterogeneous at least so mr as this, that no vibration of the 
I millions of millions emitted in a second of time is followed by 
I more (on the average) than about 50,000 vibrations of a similar 
' sort, executed along a similar path — the plane of the polarization, 
j if any, changing after the lapse of such an incredibly short time 
j that for most purposes the vibrations in different directions are 
AS inextricably mixed as If they had all been simultaneocilly 
I jumbled up. Since, then, natural light Is non-polaHamd or 
mUcellaneous, the production of polarized light must be bro^t 
about by the employment of polarizing apparatus or agents which 
will so operate on or affect the mixed waves as to odhg tbeSr 
vibrations into one direcilon--of, what amounts to tb* saA^ 
thing, transmit the light whilst destroying or absorbing thW 

* The convenient term /omt wkt firrt prow^ by Frof. Jwhes 
of raesgow, for the older atia mow qumbroiw phraw of 

or “ angaUr force.” lu general accepunm by an^tkttsra the ek* 

tenswri of the twm to onttes. Ai a mechanical torque ti that |l*WuteeS i 
or teadi to produce mechanical torsion, so omlcil toique may be defiasd as. ^ 
that which produces or tends (0 produce opuca) tortloA ; 
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l^c €(f the vibretionA which are executed across the desired line 
^dbiration. So we have consisting tourmaline slices ; 

oblique bundles of thin glass plates ; black-glass reflectors ; and 
Kic^ prisms cat from calc-spar. About the two latter 1 may be ! 
pennittedapassingworrl presently. Tbeseob;ecl8polarjze,s./.turji i 
into one plisne^ the vibrations of light falling upon them. A rough ! 


mechanical illustration may here be permitted me. A long 
india-rubber cord is passed throt^h the open ends of a boa pro- 
vided with vertical partitions. Fig. t shows the arrangement. 
These partitions conflne the motion of the cord, and eflectually 
polarize the vibrations which I now impart to the cord by 
shaking the end of it to and fro. If the partitions are VerticaU 



the box polarizes, into vertical vibrations only, the mi‘vCellaneous 
vibrations which are sent to it. If rotated until its partitions are 
horizontal, it poUrizes the vibrations into a horizontal position. 

Let us now turn to the optical analogue of this experiment. 
The large Nicol prism which I introduce into the field of ihe 
elcctric-light lantern, polarizes the light, so that the vibrations 
are executed simply in an up-nnd down direction. Vour eye 


I will not detect this, the motions being millions of times too 
j rapid. To detect (he direction, an analyzer is necessary. For 
I this purpose a second apparatus of the same son is used, for 
! then, by-crossing the positions of the two, the whole of the light 
is cut off ; the second Nicol prism, if set so as to transmit only 
horizontal vibrations, cutting off the vertical vibrations that are 
sent through the first prism. So, uhilst the first prism serves as. 



Fjc, a.-^Acousiic model illuBOtiCng polarization of vibrations, r, the polarizer ; a, the analyzer. 


a polarizer, the second serves as an analyzer to detect by cutting 
them off when turned to the proper position, the direction of the 
polarization which had been previously impressed by the first 
prism. 

Here I may illustrate the action of the analyzer for delermin- 
it% the plane of polarization of the vibrations, by the extinction 
wmch it produces when turned to the crossed position. For this 


purpose 1 have refined upon the box with partitions, using in- 
stead parallel plates of glass 'mounted in wooden cylinders, whilst 
for the cord swung by hand I am using Schwednff^s 

device, and am producing the vibrations in this silken coid by 
means of an electrically-driven tuning-fork (F'ig. 2). At the first 
nodal point of the stretched cord a pair of parallel glass plates 
acts as a polarizer, the cord from that point vibrating in the 



fiam Itnposed upon It. I can alter this plane at will by 
roitttitttif the pbUiixer. Thi« polarizer, p, consktmg of a pair of 
plates^ ut mounted in a t^indrlcal mount, and is provided 
io indicate thefr direction. If now at any sub- 
' 1^ I introduce a second such device, it will act as 

T'his excellent euggeistlon Is due to M. Mac^ 


d« Lepinay. In Fig. * the polarizer and analyzer are parallel. 
You see (Fig. 3) bow the vibration is extinguished when the 
positions of analyzer and polarizer are crossed. Half a degree of 
error in the position of the analyzer produces something less than 
perfect extinction of the vibrations. Hence it is possible, by this 
analyzer, to determine the plane of the vibrations to the accuracy 
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ibilf a decree. I »hwld fifty the whole of thie model 
hftfi b^en coastractel by rnyhifi^tant, Mr. E^^taoe TtioAae. 

Ntfw let ms show you, the ppticU eflfect which corresponds to 
thif. JPlaciog a second Nicol prism as analyser in the path 
•of the polatixed waves, 1 turn It to the position where it Cuts 
^ the polarised lighlt. The**</tfr-fe /#/(/’' so produced by the 
•crossed Nicol prisms corresponds to the motionless cord beyond 
the crossed analy/^r of the acoustic apparatus. 

Returning for a moment to two well-known forms of polarising 
Apparatus, vis. the black glass reflector and the Nicol prism, I 
may be permitted to refer to some recent attempts to loaprove 
•upon these devices. 


Flu. 4 — Nicol prUm ; original form. 

The Nicol prism, as is well known, consists of a rhomb of 
Iceland spar cut into two pieces, which are reunited by a film of 
Canada balsam. As originally devised, it had oblique end faces 
<Fig. 4), and a comparatively narrow angle (iQ**) of aj>erture. 
These may be noticed in the small example which I here exhibit, 
which is an original constructed by William Nicol himself. It 
also has the disadvantage of giving a field in which the directions 
^f the planes of polarization are not strictly parallel to one 
another throughout its whole extent. Consequently, there is 
never complete extinction of light all over the field at one time. 
Hartnack and others have attempted to remedy this by giving the 
prism a difierent form and using oilier materials than Canada 


Fiu. 5,— S. P. Thompson'* modification of the Nicol prUtn. I 

balsam. I have from time to time made many attempts to im- 
prove upon the original construction. First, 1 have made the ; 
-end faces principal planes of section (Fig. 5 ) ; secondly, I have 
made the axis or vision cross the crystallographic n%h at right 
angles, so getting a flatter field, a shorter length, a wider angle, 
and less loss of light by reflection. Mr. Ahrens, the prism-cutter, 
on whose able assistance 1 have relied during the last six or seven 
years in cutting these prisms, has aided me with his ingenuity in 
”<levt»ing a meSod of cutting up the spar so as to give these ad- 
vantages with a minimum waste of material, tie has further 
devised a method of putting a polarizing prism together in three 
instead of two piece^illustralod in the diagram (Fig. 6 )— which 


FiC. 6.— Ahrens'* triple prism, 

,-fi\Ves a still wider angle. The prism which I shall use as analyzer 
in the next experiments is one of these forms. 

Unfortunately at present there is a spar-famine, pieced of 
Iceland spar of a size and purity suitable for the niaking of Urge 
polarizers such os that I employ^ being not now procurable at 
■Any price. To avoid the excessive cort of large Niools, I have 
lately fiot Mr. Ahrens to construct for mo a larw reflection* 
jpedanser, on the plane of Belesenne, but momfied by. Mr. 
Ahrens U detail In this prism the light is first tamed 
iiothe proper poUriring angle by a jatge total-refieoiioh prism 
^ glass, and then refiected back, pazaUel to iu original path, 





Iw impioging upon a mirror of black glass cowed h!|f a aiiu^ 
sheet of %e thinnest patent plate-glass to inotease the Intei^ 
of the light. This form of polaricer, depicted in FJg. 7 , is 
equal for projection purposes to a Nicol prism of eQual 
and is much less costly. This one has zi inches riear 

Having so far reviewed the apparatus for polaruibg 
analyzing, I will return to the apparatus set with Its prisms 
crossed, so that the analyzer completely extinguishes the polarised 
light emitted from the polarizer. 

If in the space between polarizer and analyzer anything 
be introduced which can cither resolve obliquely the poiarUM 
vibrations or twist them bodily round, then them will not be 
complete extinction ; the amount of light passing the analyzer 
depending in the one case on the obliquity of the resoluUon, In 
the other upon the degree to which the vibrations are twisted or 
rotated i«>on themselves. 

The effect of oblique resolution I may illnstrate by introducing 
a slice of tourmaline between the crossed Nicoh, and rotating it 
till it Islands at 45 ’ ; or, in the acoustic model, by introdutiog an 
oblique pair of guide- pins. 

The other case — namely, that of producing a bodily t^wist of 
the vibrations, rotating the plane of polarization amofid the 



Fio. 7.^Ahreofi'* reflecting polarizer. 


path of the wave— is not so easily illusiraled by the model. 
But it is optically perfectly simple : all that is requisite iS to 
introduce between the crossed Ntcols a thin slice of that ctyttal 
— namely, quartz— in which this effect of rotating the plane of 
polarization was first observed. 

I t^e a clear plate of quartz, just i millimetre in thickness, 
and interpose it between the crosset Nicol prisms. You will 
note how the introduction of tbb plate of quartz brings lefiMr 
light into view. 

Suppose we now turn the analyzer to try and obtain extino- 
lion : we get tiuting. If we put in a coloured glass so ait to 
work with one kind of light only, we shali get extinction fitt a 
particular angle. The table of data to which J fbur 

Optical Torsion produced hy Plate of Qutsrh^ 
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iAief^on amount fot the diiSbrent colours. If we 

of <]tiarc« bo thick that U rotates any particular tint 
90^ that tint will be cut ofTby the croned analyBer» and all 
utfhwe wiU^^n greater or less proportion-^be transmitted » so 
iiliai the restdth^ tint wiU be complementary to that cut off, 
11^ citainpief a slice just so thick as to twist yellow waves round 
tni^ he 3*75 mnlltDetrcs thick. (I may remarki for the 
bhoeftt of those who think it easier to express this exact thickness 
In fractions of a inch, that the quarU which rotates 

yellow light 90* must have a thickness equal to one-eighth^ plus 
thrfeC-slatecnihsaf att eighth, plus one sixty-fonrth of an eighth of 
ah Inch.) When such a quarts is placed between the crossed NicoK 
the light shown is yellow ; but if placed between parallel Nicols 
(t\«. in the bright held), it shows a rich purplish- violet colour, 
the eoroplementary of the yellow. This particular lint Blot 
found to be excessively sensitive, the smallest inoGCuracy in 
adjustment between the prisms at once producing a change, the 
colour appearing too red or too blue, according to the direction 
in which the analyzer has been turned out of exact adjustment. 
Thit tint is accordingly known as the ** transition tint” or 
** sensitive tint," its accurate definition being due to the fact 
that the human eye is more sensitive to the presence or absence 
of the complementaryyeliow than to any other tint In (he whole 
^pectrUitn. If we take, however, a quartz plate twice as thick os 
this^namtely, 74 nulUmetres thick--thU will give the yellow 
light a torsion of iSo*'. Hence this gives the purple transition 
tint in the dark field, and is yellow in the bright field. A quartz 
plate u} millimetres thick gives again a transition tint in the 
bright field. I shall recur presently to the question of the 
transition tints of the several orders. 


One of the fkmiliar facts in this subject is that there are two kinds 
of quartz CT3^tals, optically alike in every other respect, differing 
only in this, that one kind produces a right-handed twist, the 
other kind a left-handed twist. All the pieces of quartz I have 
so far employed are right-handed specimens. I now introduce 
two small slices of crystal, each 3 i mUHmetres thick, giving the 
y^low tint when the Nicols are exactly crossed, but you will 
notice thwt when we are using the righl-hsndetl crystal, the tint 
grows reddiah as the analyzer is turned towards the left, and 
greenish when the analyzer 19 turned towards the right ; W'hereas, 
when I substitute the left-handed slice, the lint grows greenish 
as the analyzer is turned toward the left, and reddish when it is 
turned toward the right. If the analyzer is turned through an 
exact right' angle, we get an extinction of the yellow light, the 
regaining blue and red rays combining to give us the purple 
transition tint. 

You will have noticed that the way in which we have 
(apptoximately} measured the angle of rotation has been first to 
SOI the analyzer to extinction, then to Introduce the substance 
s^ich'has the property of rotating the beam, then to turn the 
anmtyzer again to extinction, and read off its angle. For, of 
conme, the angle through which the analyzer h turned measures 
the angle through which the plane of polarization has been 
turned. 

It is possible, however, to show in the lantern something like a 
mera obvious rotation of the light by introducing between the 
NIooU a crystal star, built up of radial pieces of mica, twenty- 
fdw iu tiumber (Fig. 8). You see in ihe bright field a whit^ 
cross with black seciors at 45^ Or, iu the dark field we have a 
blank ertrt* with vottical and horizontal arm», the sectors next to 
those that are black seeming dusky. If now I put in a quartz 
plate between the star and the analyzer, you see the cross shift 
rtmnd, and it showa colours, because the blue rays ave twisted 
roimd more than the green, the green than the yellow, the yellow 
than the rad. Repeating' the experiTnent with ihe 3*75 mUti- 
matra quaitx which tutus yellow waves round just 90”, we get 
thlf gntlgions radiMldn of colours, and our black cross is turned 
iittdf a yeHbw one. With the 7*5 millimetre quartz, the black 
la rapfaeed by one of " tmaaiekjn " tint- 
bla^ ctom aeen In certaSn sections of natural crystal, 
aptoroUthAb sections of ataUcUtts, crystallizations of salicme 
aitd or *l^wraaittUf> may alto be instead of the a4-rayed 
ttiitr mieai But bestof all I fiad to be the beauUfat black 
ctiom^yhleh' Is aeon by polaelj^d Hfifht k the prepared orystaUine 
the ^ a fish, You nodee hew, when the 
iMk pooled and the qnaftz introdueedi the crosa turns 

a rottgh-ami-raady way of displaying the lota- 
ikbf vast pramleafirnpmanoe tbat praotse methods 
of rotatiioa shodM he avallable^f vast 


importance, because in several large industries this optical method 
U applied as a species of handy analysis, t have named a sotu- 
tion of sugar aa being an active" substance. In the industry 
of sugar-rafining, as in that of brewing, the strength of sugar ii* 
the liquids is dinictly measured by measuring its optioal effect. 
Consequently there has been developed a special instrument, the 
po^aHmder^ for this express purpose. 

I have here examples of several practical forms of polari- 
meters ; there are diagrams of several more upon the Walts. 

The problem of finding the best polarimeier naturally leads to 
the inquiry what special means are there for making the 
observation of the angle more precise than by merely observing 
the extinction of the light, its restoration when the active substance 
is interposed and the subsequent renewal of extinction whe n the 
analyzing prism is turned. V('' 7 T 

Biot considered that much greater accuracy could be attained 
by watching for the restoration of the sensitive tint than by 



Fto. 8.— Mica disk of twcaty>four rays, shownf black cress in the dark field* 

watching for the mere restoration of extinction of the lii^ht. 
Accordingly we will use the plate of quartz 7*5 millimetres thick, 
giving the purple tint, to enable us to measure the rotation 
produced by the tube of sugar solution which is now inserted 
in the beam of polarized light. Von notice how the tint has 
changed. But 1 have only to turn the analyzer to an amount 
equal to that to which the light has been twisted l>y the sugar, and 
again I obtain the sensitive Iransition tint. 

The eye is not always, however, alive to minute changes of 
colour in a single colour^ patch ; it much more readily distin- 
guishes a minute difference between two lints when both are 
present at once. Hcncc Soleil devised the well-known biquartz 
arrangement, consisting of two pieces of crystal, equal in thick- 
ness but possessing opposite notation*. You will notice how the 
slightest inaccuracy in placing the analyzer causes the two halves 
of the field to differ in lint. This is est^ccially marked when the 
lint chosen is the transition purple. 

1 7 tf h continued . ) 


THE PLANET URANUS. 

^HAT anomalous section of the solar system, Uranus and its 
satellites, offers yet a wide field of investigation to astro- 
nomical specialists of all kinds. Its figure, its rotation, satellites, 
and physical constitution altogether, are moot tioints, which 
should be more or less settled with the increased optical power 
now' at our disposal, 

The circttmsunces attendant upon the discovery of Uranus-, 
in 1781 (Phil. Trans., 1781, p. 49a) are matters of common 
knowledge. The planetary nature of the supposed comet seems 
to have been first suspected by Maskelyne, and it was this sug- 
getition that induced Lexell to calculate for it a circular orbit in 
1781 (Grant's History of Physical Astronomy," p, 274). The- 
elibticeletnents of the planet were first calculated by Laplace in 
lyaSl Ami, des Sciences^ Paris, January ^783). 

The Brat measures of the Uranian diameter were singularly 
ineobgruous. Herschel found -<11 in March 1781 to be 
whlfet in the fidlbwing month be measured it as 4” 52 and 
(PhiL Tnws-^ 1781, f. 494)» A like discordance occurred in 
the results obtained by oUier sfttronomers. Maskelyne fixed the 
magnitude of the apparent diameter as 3'', whilst Mayer, of 
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MiUtWmi eftimatod it to ^ a& high a$ lo'^ (Grant** '* History of 

^l^vreen these measures of the diameter of 
UrkiDtift would seem to be a consei^tteoce of the fact that it is 
always extremely difficult to get the planet clearly defined in the 
field of the telescope. Heracbet himself noted (Phil. Trans., 1798, 
p. 69), ** The Geor^tian planet Is not so well defined as, from 
the ejttraordinary distinctness of my present 7^feet telescope, it 
ought to he. There is a suspicion of some apparatus about the 
planet.*^ 

Herschel several times had the impression that Uranus was 
surrounded with a ring. One of his observations is contained in 
the following (Philosophical Transactions, 1798, p. 68 X: — “ My 
telescope is extremely distinct, and when I adjust it upon a very 
mintite double star, which is not far from the planet, 1 see a very 
faint ray, lilic a ring crossing the planet, over the centre. This 
appearance is of an equal length on both sides, so that 1 strongly 
suspect it to be a ring. ... I have turned the specutam one 
quadrant round, but the appearance of the very faint ray con- 
tinues where it was before, so that the defect is not in the 
speculum nor is it in the eye- piece/' Later observations, how- 
ever, led Herschel to conclude *'that Uranus has no ring in the 
least resembling that, or rather those, of Saturn." 

Following upon the observations as to the existence of a ring 
round Uranus, are found others relating to its polar compression. 
The flattening at the poles was first observed by Herschel in ] 
Felmiary ^794 (Phil. Trans., 1798, p. 69), and announced in the « 
following wordis 1 “The planet seems to be a little lengthened j 
out, in the direction of the longer axis of the satellite's orbit ;** and 
again hi April of the same year : “ The disk of the planet seems to | 
be a little elliptical," Madler measured the ellipticitv in 1843, > 
and found it 1/9*92 (Grant's "History of Astronomy/* p. 278). 
Schiaparelli, in 1883, using two different methods, obtained the 
results 1/10*98 and 1/10*94 {A Hr, Nach.^ No. 2526). A few 
measures trade by Young in the same year gave an ellipticity 
i/i4 (“ General Astronomy," Young, p. 367). The fact that 
the ellipticity was in the same plane as the major axis of the 
satellite's orbit led Herschel to conclude from analogy with 
Jupiter and Saturn, " That the Georgian planet also has a rota* 
ticn upon its axis of a considerable degree of velocity " (Phil. 
Trana, 1798, p, 71). Other observers of the bulging out of the 
Uranian equator— Schiaparelli, Young, Safarik— agree with 
Herschel in saying that the plane is coincident with that of the 
satellite’s motion, l>ut tht following observations of markings on 
the surface of Uranus lead to an entirely different conclusion. 

Buff ham noticed some bright markings on Uranus in 1870-72 
{Afmtkiy Notices^ vol. xxxiii. p. 164), and, from observations of 
their motion, deduced the time of rotation as twelve hours, but 
ihe plane of rotation was mt coincident with that of the satel- 
lite 's orbit. 'Phis was borne out by observations of dusky bands 
by Young, in 1S83 (“ Princetown Observations,** 1883) ; of ap- 
parent equatorial belts by the brothers Henry, in 18S4 {CompUs 
remiusy t. xcviii. p. 141 9h and observations in 1884, at Nice, of 
a bright spot by Lockyer, Perrotin, and Thollon {Compta rtmiusy 
t. xcviii, pp. 717, 967). The plane of rotation, according to 
these observers, is from 15" to 40* from the trend of the salel* 
Ike's. Thus the difference between the two sets of observations 
am'iunts to nearly half a right angle. Does the error lie in the 
observation of the belts, or in the measurements of the planet’s 
ellipticUjr and the satellite's orbit ? This is an enigma which 
yet remains to be solved, and another character of Uranus re- 
quiring investigation. 

Heri>chel made the first determination of the mass of Uranus < 
in 1788 (Philosophical Transactions, 1788, p, 369), and found 
it to be 17*740612 as compared with the earth, or about 
1/18, OOP that of the sun. Houvard found a value 1/17,918; 

in 1837, 1/24,605. Lassell's observations of the motion 
of the satellites gave a value 1/20,897, whil'Jt Struves obser- 
vations gave a value 1/26,860. The mass, 1/22,600, found by 
Newcomo (“ Washington Observations," 1873), is probably the 
moirt correct, and he estimates that the probable error in the 
denominator is not more than 100* This mass, revolving round 
the sun at a mean distance of about 1800 milUoxu of miles, 
must exert considerable influence ppon bodies near it, ipjjuence 
which may often predominate over that of the sun. 

But it is the question of Uranian satellites thut is w enig- 
matical Herschel discovered two on Jahuaiy it, 1787 (Fhw. 
Trana, 1787, p. 125 H rry*)» and in 1798 announced iJte IUb. 
oovery of four more. Hegardittg the real existence 0/ these four, 
HetvChel remwks (Phil. Trani,, 1798, p. 66) t “ It remains now 
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only to be mentioned that, hi such delicate observations ns thesis 
of the additional satellites, there mky possibly arise some dotd^s 
with those who are very scrupulous ; but as 1 have been madli 
in the habit of seeing very small and dim ofcrjects^ / Aap€ nai d/sw 
fr0m publishing these obsirmthns siaaHer^ tteedmti pf 
the least ' uncertainty abeut ihe exisUme of these seHeltiUSy^ but , 
merely because I was hi hopes of being able soon to give 
a better account of them, with regard to their peiimScal 
revolutions." 

Sir John Herschel observed the two brightest satellites ' 
tween 182S and 1832 (Mem. Ast. Soc., vol. viti. p. 1) ; but 
“of other satellites,’* he says, than these, “1 have no evi* 
dence,'* although the telescope he was using was precisely similat 
to that used by his father. A systematic search was mode by 
I^ssell for the lost satellites, and a definite announcement of 
ihe discovery of two satellites between Uranus and the two 
brightest was made in 1851 {Monthly Notices H^A.S.y ytX, 
240). .He declares, however, that it would have been impos- 
sible for Sir William Herschel to have seen these two mint 
bodies ; and although Prof. Holden has attempted to identify 
the two with two of Herschel's quartett, the balance of evidence 
is certainly to the contraiy, and we are bound to conclude that 
no one has ever seen the four but Herschel himself. 

Herschel announced, in 1798 (Phil. Trans., 1798, p. 48), the 
retrograde movements of the Uranian satellites in the terse 
paragraph, “ 1 take this opportunity of announcing that the 
movement of the Georgian satellites is retrograde.*’ The fact 
that their orbits were inclined about 80^ to tlie ecliptic plane 
was discovered in 1788. 

Herschel also particularly noticed that the light of the two 
brightest satellites was subject to considerable fluctuations, and 
in 1815 (Phil. Trans., 18 K, p. 356) he suggests for a cause that 
given by Newton in the “ Principia” to account for the periodical 
variability of certain stars. His conclusion vras : — “The variable 
brightness of the satellites may be owing to a rotation upon their 
axes, whereby they alternately present different parts of their 
surface to our view. These variations may also arise from their 
having atmospheres that occasionally hide or expose the dork 
surface of their bodie.s, a.s is the case with the sun, Jupiter, and 
Saturn.” 

The two inner satellites, Ariel and Umbriel, discovered bv 
Lasscl), seem also to fluctuate in brightness, and Newcomb 
observed in 1875 (“ Washington Observations," 1873, p, 43) i — 
“I strongly suspect that Ariel, at least, belongs to that class of 
satellites of which the brilliancy is variable and dependent on its 
position in its orbit. The evidence of variability of some kind 
seems indisputable, as 1 have repeatedly failed to see it when 
the circumstances, distance from the planet included, were in 
every respect favourable, and when Umbriel, though less favour- 
ably situated, was visible. On the Other hand, there were two 
occasions, January 28, 1874, and March 25, 1875, when it was 
surprisingly c'>nspicuouB. Unfortunately no systematic record 
was made of the times when, being near greatest elongation, It was 
looked for and not seen ; but on at least one sttch occasion its 
position angle was 180^. An inspection of the observations shows 
that out of the eight observations only two were made near the 
southern elongation ; while in the two cases where its brightness 
was most remarkable, the position angles were respectivdy 348" 
and 351°." 

The time of revolution of Ariel is 2*520378 days at a mean 
distance of 120,000 miles ; its diameter is ab^t 500 mites, 

Herschel also observed that these satellites became invisible 
some distance from the planet's disk (Phil. Trans., 1798* p. 75); 
thus, on February 22, 1791, the first satellite was lost w&n 9 $** 
from the planet. This distance was not, however, constant, for 
on May 2, 1791, the same satellite disappeared at an apparent 
distance 19" *8, A table is given showing at what distance from 
the planet the first and second satellites respectively becaipe 
invislb’e during a periotl of seven years* A fact exhibited by this 
table is that the distance at which the satellites disappeared 
regularly diminished from 179X to 1797, until in the latter ywr 
the first satellite was traced to 4^**8 from the planet's disk. The 
reason assigned to account for this phenomenon by Herschel was 
that the light of the satellites was “put out" k«y tltC atranmsr 
kght of their primary, and regarding this be remarks (jPhiL 
Trans., 1798, p. 78):—“ We may avau ourselves of the obietnm- 
tions that relate to the distances at which the sata^Hes vatdMhi 
to determine their relative brightness, The *#ond Sateffbb 
generally appears brighter than the first ; but u thp tormr Is 
usually lost fisrther from the planet than the tatter w« may 
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the fint iittelilte to nttber brighter then the stecond/' The 
of the hnt «od s^ood saiellltes ere about xooo and 
Aiilea respectively, hence Herschel's ooRiparative xneasares 
were oomct K. A. Gregory. 


BABYLONIAN ASTRONOMY^ 

J. 

^1>ASS1CAL writers seem to be unanimous in considering 
^ the Babylonians as the most ancient astronomers ; a close 
examination shows, however, that the statement emanated from 
one or two writers, and that all the others merely repealed it 
without taking the trouble of verifring it. The hgures given by 
various authors as to the period covered by the Babylonian 
astronomical observ^ions are most extravagant, but the disagree- 
mem of the authors proves their inaccuracy. In spite of all dis- 
crepancies, one fact comes out clearly— that is, the Semitic origin 
of the Babylonian astronomy. Belus, the eponymic king of 
Babylon, considered by the classics as the first ruler or even the 
colomcer of Babylonia, is called the “ inventor of astronomy/' 
and Seneca considered the work of Berosus as a translation of 
that of Belus. 

If we turn now to the native documents— the tablets now in 
the British Museum — we can class them under two distinct 
periods, those previous to the Greek rule and those contempo- 
raneous with the Seleuoids. Some tablets of the first period give 
us lists of certain astronomical or atmospheric observations, with 
the events which took place at the same time ; the others are 
mere reports of the official astronomers stating what they 
observed, as the occurrence or non-occurrence of an eclipse. A 
characteristic point is that the observations are in no case dated : 
the day and the month are, indeed, given, but not the year ; and 
this leaves no doubt as to the real character of these documents. 

The Babylonians held the belief that the^ky was a rejection of 
what wan going on upon the earth : if, therefore, a certain event 
took place at the time of the conjunction of two stars, the same 
event would repeat itself when the same conjunction would take 
place. There were no predictions, but merely statements of real 
facts taking place at the same time in the sky and upon the 
earth, the actual date of which was of no consequence, as the 
object in view was to establish the supposed connection between 
what happened in the sky and what happened upon the earth 
— in J short, correlative events. It appears also that the 
Babylonians admitted the existence of a cosmical year — that 
is, a period after which the same events were to occur 
; this period was one of 360,000 years. The number 
was obtained by a mere play on figures, 'fhe basal num- 
ber of the Semites was six, as the system used to form their 
numerals shows ; by multiplying it by ten (the numl^er of the 
fingers) they formed the jwj, 60 ; by multiplying again by ten 
was formed the nrr, 600 ; and the square of the former gave 3600, 
the wir, or '* multitude," The cosmical year was supposed to be 
formed of 100 sari^ of the square of the ner ; this was probably 
the number given by Berosu^i to the antediluvian period, 10 mri 
ba ng attributed to each king. From this number weie derived 
those given by the classics as the period of the Babylonian 
astronomical observations— 720,000 years (or two cosmical years) 
by Epigones, 1,440,000 (or four cosmical years) by Simplicius^; 
the 490,000 years given by Berosus, according to Pliny, -represent 
one ^mical year and i3o,ocx) years, elapsed in his opinion, of 
the actual period. It cannot be doubted, however, that the 
stars have observed in Babylonia from a very high antiquity, 
fbr we have lists of eclipses for almost everyday in the year, and 
os these eclipses actually took place, they prove a long perif>d of 
Ohsemtioos ; some of the astronomical statements aUo refer to 
the pr«- Akkadian ^od— that is, aarlier than 7000 b.c. If the 
Babylonians, in spite of this long period of observaiions, never 
arrhM at any correct knowledge of the motion of the planets 
and stars, h is m> doubt due to their deficient calendar. 

Oinen^t^ing being therefore the only object of the Babylonian 
aatxtmometa, or rather star-gasan, they distributed the stars and 
niandts ander die dbection of certain gods, according to the in- 
ineiKCOnttribdteil to them. TMs hos unfbrtnnatefy thrown much 
odnloiloo In^ their nomendature, fi>r the name of the god is 
ahnattimes for that of the star which he is supposed to 
^ ^ irdhaenoes several ; In some cases, 

the iaai|/$Ur h sometimes under the InBuence of one god, 

^ of the first IsctttM dallvaied hy Mr. G. B«rda at ihs iMtilh 


sometimes under that of another. Betides this, we have many 
groups of seven stars : the seven iiMu or planets, the seven 
masu or double stars, the seven zih-u or males, &c. The stars 
were also divided by regions — ihe twelve stars of the north, and 
the twelve stars of the south — and associated in groups of two 
with certain months ; the months themselves were associated with 
certain r^ions, and were under the guidance of a god. 

In all this we see the rudiments or rather germs of astrology ; 
but, as astrology requires a knowledge of the movements of the 
planets, the Babylonians never arrived at this point — they merely 
took omens, and to do so they appear to have proceeded exactly 
as did the augurs of Rome. They described first in the sky a 
circle with their rod, divided this cirble into eight divisions by 
lines passing through the centre, and then observed the position 
of the stars in this imaginary geometrical figure, and what kind 
of phenomena took place, m order to draw from them their 
omens. Having made hU observation, the operator, or priest, 
then refierred to the lists of omens, copies of which have come to 
us, to ascertain if the same celestial phenomenon had already 
been noted, expecting as correlative fact the same terrestrial 
event which had happened in the previous case. 

It may be noticed, before concluding, that all the astro- 
nomical omen tablets recovered from Nineveh or Babylon are 
written in the Semitic language ; there are no doubt a great 
many ideograms, but the phonetic complements, the words 
spelt phonetically, and the grammaiLcal peculiarities show that 
the idliom used must be Semitic. 


UN/VERS/rV AND EDUCATIONAL 
INTELLIGENCE. 

Dubun- 
of Dublin 
Mr. F. W. „ 

Gardens, received the honorary degree of M, A, The Public 
Orator, Prof. Palmer, called attention to the benefits con- 
ferred on botanical science by Mr, Burbidge, by his travels 
in Borneo, and by his labours in elucidating the natural history 
of those classic flowers the Narcissi and the Hellebores, llie 
honorary degree of LL.D. was conferred on Mr. Valentine 
Ball, F.R.S., the Director of the Science and Art Museum, 
Dublin, and at one time Professor of Geology and Mineralogy 
in Trinity College, Dublin, whose works on the geology and 
mineralogy of India, and researches on the identification of the 
animals and plants of India which were known to the early 
Greek authors, merited the eulogium pronounced on them by 
the Orator. 


, — At the Summer Commencements of the University 
, held in Trinity College, Dublin, on June 27. 
Burbidge, Curator of the Trinity Collece Botanical 


SOCIETIES AND ACADEMIES. 

London. 

Linnean Society, June 6.— Mr. Carruthers, F.R.S., Presi- 
dent, in the chair. — Dr. John Anderson, Mr. J. G. Baker, Dr. 
Braithwaite, and Mr. F, Crisp, were nominated Vice-Presidents, 
— Prof. Martin Duncan exhibited under the microscope some 
beautifully mounted preparations of the ambulacra! tentacles of 
Cidaris ^pillata^ and drew attention to the fact, previously un- 
recordecl, that the tentacles of the abactinal region of the test 
differ in form and character from those of the actinal region. 
The latter have a well-developed terminal disk, and are richly 
spiculated ; whereas the former have no disk, but tei'mUiate 
distally in a pointed extremity with very few spicula;. Mr. W. 
P. Sladen made some remarks on the significance of this 
dimorphism vrith reference to its archaic character, and its 
relation to the primitive forms of Echinolds and Asteroids. — 
Mr. Narracott exhibited a singular fasciated growth of Ranun- 
culm acHSf found at Castlebar Hill, Ealing.— Mr. H. B. 
Hewetson exhibited under the microscope a parasite of Pallas's 
Sand Grouse (SjfrrJkiiMis paraehpnts) taken from a bird shot in 
Yorkshire, and descrined as a species of Ar^tu. Mr. Harting 
pdated out that an apparently diflerent parasite from the tame 
M3eGi«» d* bird hod been recently described by Mr. Pickard 
Cambzme {Ann* A^. JEst.t May 1889} under the name 
Dr. Cogswell showed some examples 
of Jfcruwem: Arti^oke and Potato, to illustrate the ipital 
developtnent of the shoots from rfoht to left. — Governor Maloney, 
of the oolpny of Logos, exhibiteda large collection of birds and 
Insects from the Gambia, the result of twelve months' collecting 



in id84-Ss. The birds, beloDg'mg to 131. species, had been i^eoloi^nl Society^ Tune — Prqf. J. Judd, 

exiRfqined and namedby Captain Shelley. Anaongst thebeetlci,of Vicc-Prestdcnt, in the cnair^^The fnUtMViiij; commwdeawine 
spedes had been collected, he called attention specialty were read undeteriM leenstfM 

ep Gakrita dfrUatm and megclH^ and to the R!iinoci!r>^ deposits at ^Saint .Cross, SOutheimham, in Sufibik, by Chftrlea 

ahd St ig-horned Beetles. Of butte vdies there were 9 > species, Candler (communicated by Clement Reidb Some remarks 
amongst whl^ the ipost noticeable and characlerUtic were the were made on this paper by Mr. Clement Reid, Prof. Pn^t^ldtiii 
^rrr<ir and the palc'grften a said to be typically and Mr. Lydekker.^On certain Chelonian resaaiiiB from the 

Gambian. The moths, of which some aao species haa been Wealden and Purbfct:k, by R. Lydekker. In the first part of 
brought home, were named by Mr. Herbert Druce, and several the pap^r the author described a portion of the hind lobe of a 
bad proved to be new or undescribed. A portion of this Chelonian plastron from the Wealden, which was sTemaikahle na 

collection had been exhibited at the Indian and Colonial showing a median row of epideruml shields. The ii4me df 

Exhibition of 18S6, but had since been carefully gone over and ArchacKhtlys valdams was proposed for the form so repieaeAtiML 
named, nnd was now exhibited for the first time in its entirety. — The new generic term Hytmckelys was also proved for Ijw? 
Mr, Herbert I>ruce alluded to some of the Lepidoptera which are Purbeck Chelonian described by Sir R, Owen as 
most characteristic of the Gambia region ; and Mr. Halting made IcUiscutalunt^ and was also taken to include some Other forms 
some remarks upon the birds, pointing out the wide geographical from the Wealden, The second section of the paper treated 
range of some of the species which had been collected. “Mr. of the affinities of /Vir«w/rrw«*«. It was oonoUded that 
Clement Reid exhibited several specimens of fossil plants from A«wj, Cope (as represented by the so-called Plattn^^s Bulheki^^ 
a newly-discovered Plriltocene deposit at South Cross, South- is tdealioal with PUurostx'rnum^ of which there appears to 
elmham, near Harleston. — Mr. D, Morris exhibited specimen « only one Purbeck species. Evidence was brought forward to 
SitieroxylondidHJicum^ the so-called ** miraculous show that in the adult PUurosternum the pubis had a laeat 
berry " of West Africa, belonging to the Sap^iacecc. Covered for articulation with the xiphipUstraJ ; and it was proposed to 

-externally with as Tift sweet pulp, it imparts to the palate a refer this genus, together with and Ba^na^ toafoow 

sensation which renders it possible to partake of sour suUtonces, section termed ** Amphichelydia,” which was regarded as (tllied 

and even of tartaric acid, lime juice, and vinegar, and to give them both to the true Cryplodira and to the PJeurodira.— On the 

a flavour of absolute sweetness. The fruit of Thauma^ococcus relation of the Westlelon Beds or Pebbly Sands of Sufiolk to 
{^Phrynium D^nUlli)^ possessing similar properties, was a^so those of Norfolk, and on their extension inland; with some 

shown ; and living plants of both had lateV been received at observations on the period of the final elevation and denudation 

Kew from Lagos through Governor Moloney. — Mr. Thomas of the Weald and of the Thames Valley, by Prof. Jotaph 
Christy exhibited growing plants of to/VflWa (the Upas- Prestwick, F.R.S. The author in this, the first part of jfiU 

tree) and ^itrophiutthits Kombe^ both of them poisonous, to show paper, described the WesUeton beds of the East Anglian oc^t. 
the similarity of the foliage. -^On behalf of Dr. Buchanan White, Me commenced with a review of the work of previous writers, 
a paper was then read by Mr. B. D. Jackson, entitled a especially Messrs. Wood and Harmcr, and the members of 
** Revision of the British Willows,” H.M. Geological Survey, including Messrs. H. B. Woodwiwd, 

. Whitaker, and Clement Reid. In discussing this work, parti- 

Royal Meteorological Society, June 19. — Dr. W. Marcet cular attention was paid to the Bure Valley beds, which were 

E.R.S,, President, in the chair, — Mr. W. Marriott gave a very considered as a local fossiliferous condition of the Pebbly Sands; 

g;rapbl6 and interesting account of the recent thunderstorms but the term is not so applicable to these sands as tlMt of the 

which have prevailed over this country. On Sunday, June 2, a Westleton and Mundesley Beds,” which the author propOfled 
thunderstorm passed across the country in a northerly direction in 1881. The Westleton beds were carefully described, as sem 

from Wiltshire about 5 t.m., and reached Edinburgh by 10.44. i*' coast-sections in East Anglia, proceedii^ from south to north, 

It travelled at the rate of about 50 miles an hour. Ft is possible and the following classification was adopted 
that this storm travelled still further north, and reached Kirkwall 
at 3.37 p.m. A severe thunderstorm prevailed over the neigh- 
bourhood of the Tweed between ii a.m. and noon, and was » 

accompanied by hail of very large size, some of the stones The WesiUton 

A j . and Mundesley 

series 

(The Mundesley 
section of it). 


7 'he Fifrest-hed 
series of Reid 
(exclusive of No, 3 
of above). 


The Westleton beds were found to rest with dlscotdem on 
various vmderlyii^ beds ; in places gn the Forest aeries, else* 
where on the ChilTesford Clay, whilst occesionalJy the Ifitferised 
beeft portly or entirely .eroded before Use depoaftiQ^ nF ^ 
WcBtleicm beds. Jo the north, where the present seri«», 4 iei o«t, 
they come in contact with the so-called WgdioUm Cstgi smtit 
the author st^posed to be the equivalent the ^ 

A similar discordance has been noted between the WeelUltpn 
beds and the overlying ghmlol .beds, so thet the /owaervmiwfeA 
distinct period^ (diaracterised by a definite fiuuu, moA by ipfic* 
tieuW physieia coaditioos. the WesOeten beds^b^ UseM/ 
and the Mundesley Ws estueiine end |reab!vir*t«^>, tSs. 
proposed to use the double term to indfisate the fwo 
has been done in the case of other depoim^ 
v^ere found to be looali end the most pemiiMHmbwd 
beds is the ^ence of t shingle of prec£% tbe^e aiwpjm 
over a ^ wide % mwms ctf tbis' the Wesmtim l^ 


oeing 5 incnw in circumiereuce, a very acsiructive storm 
occurr^ over the whole of the north-west of England and south 
of Scotland during the afternoon ; much damage was caused by 
lishtning, and very large hail fell over an extensive area. Some 
of the hailstones measured 7 inches in circumference and weighed 
7 ounces. During the night of the same day a severe thunder, 
■storm prevailed over Norfolk, whidi was also accompanied by 
very large hailstones, some of which were 5 to 6 inches in cir- ' 
cumference. On Thursday, the 6th, thunderstorms prevailed 
during the aftenu^ over the whole of the south-east of 
England ; that wbrnt passed over the Metropolis about 9 o'clock 
^as remarkable for the brilliant and cootinuotis display of light- 
wing. During the same night and in the early miming of the 
following day a very destructive storm prevailed over the Eastern 
Countiga, much damage being done by the lightning In the 
nortb*west of Norfolk, Severe hailstorms occurred between 2 
and 3 sum., both at Margate and Ipswich. During the afternoon 
of tfis 7th, destructive thunderstorms prevailed over the whole 
of ttie Sonthem Counties, much damage being done by lightning, 
while at Tunbridge Wells there was a most remarkable h^storm. 
■One of the hailstones which was weighed was actually half a 
pound in wei^C. An interesting collection of over forty photo- 
of Ijightning taken during the storm on June 6 was also 
CKhtblted to the meeting. In addition to the sinuous, ribbon, 
.and .meandering ftashes of Ughming, several photographs Showed 
knotted* and dark flashes. —The following papers were 

also md t»Tbe iclimate of British North Borneo, by Mr. R. H. 
Scott, the variation of the temperature of the air 

in Et^laad during the period 1849 to t 886 , by Mr. lAT. Ellis. 
**-^tlantic weather ana rj^id steamship navi^ieili^ Mr. 


knotted* and dark flashes.— The followii] 

also md t»Tbe iclimate of British North Borneo, 


weather and T$p\A st< 
Q* Hmding- ^Meteorological nl 
4 n the isdighbourhood of 
Ccisder*^-^RiA^^ m China* and 
. made at lehang and South Cape in 


henomena 


j . Laminated clays, sand, and shingle with 
' plant -remains ami freshwater shells 
(the Arclic forest-bed of Reid). 

2. Sam] and quartZQse shingle with marine 
shells (ifae Leda myedis bed of King 
and Reid). 

j 3. Carbonaceous clay and sands with flint- 
gravel and pebbles of clay, driftwood, 
land and lacustrine shells and seeds 
^ (the Upper freshwater bed of Reid). 
/4. A greenish clay, sandy and laminated 
in places, containing abundant mam- 
malian remains, and driftwood, srith 
stumps of trees standing on ita ear* 
} foee (the forest- and elephent-bed of 
authors ; the estuarine divirion, in 
part, of Reid). 

5. Ferruginous day, peat, and fteebwatei' 
remains and gtaVel (the Lower fiteh- 
V -water bed of Reid)« 
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far East Anglia.^ and whete there is no 

eiVidence, and they throw a considerable light on important 
changes. The aathor described tlie composition 
or jth* Slnhg;te, whien, tifiUlce the glacial deposits, contained 
eif aovHhern ongin. The paper concluded with a list of 
fhfttifiii eiclndhtg those tif tlie Forest' bed (the stumps of which, 
anchor considered, were frequently in the position of growth). 
Should the Forest-bed eventually prove to be newer than the 
Cj^Ws^chl beds, it vitas maintained that the former must be in- 
clilded in the Westleton seiies, and its flora and fauna added to 
the Hat, whilst if, on the contrary, the Forest- bed should be 
firoN^ed synchronous with the Chillesford beds it must be relegated 
to the Crag. The second part of this paper will treat of the ex- 
tension of these beds into and beyond the Thames Valley, and 
on snme^ints connected uith the physical history of the Weald. 
The t^amng of this paper was followed by a discussion, in which 
Mr. B. H. Woodward, Mr. J. A, Brown, and Mr. Topley took 
part. 

June IQ. —Prof. J, W. Judd, F.R S., Vice President, in the 
cmiir.— The following communications were read : — On tachy- 
^e from Vioipria Park, Whiteinch, near Cllasgow, by Frank 
Kulley.— The descent of and of Ilammatoat as^ by S. 

S. Buck man. — Notes on the Ragshot Reds and their stratigraphy, 
by H. G. Lyons, — Description of some new species of Carboni- 
ferous Gasteropoda, by Miss Jane Donald ; communicated by 
L G. Goodchild.-— crassus^ a new species from the 
Kadioladan marls of Uarbados, and the evidence it affords as to 
the age and origin of those deposits, by 1 . W. Gregory.— The 
next meeting of the Society will be held on Wednesday, 
NtiWmbet 6, 

i^ 04 >)ogical Society, June l8. — Prof. Flower, F.R.S., Pre- 
sident, in the chair. — The Secretary exhibited (on behalf of Mr. 
J, F. Green) a very line examp’e of the Common Eel, obtained 
from "a pond in Kent, and measuring upwards of 4 feet in 
length. — Mr. B. B. Woodward exhibited, and made remarks on, 
a drawing representing a living example of .-Erope kaffra^ a car- 
nivorous snail from the Cape Colony.-— Mr. Woodward also 
exhibited an example of a fossil shell from the Eocene of 
the Paris Basin {Neriiina schmk/eUatiii)^ and a section of it 
showing the peculiar mode of its growth. — Mr. Eadweard May- 
bridge, of the University, Pennsylvania, exhibited a series of 
projections by the oxyhydrogen light, illustrative of the con- 
secutive phases of movements by A/arious quadrupeds while 
walking, trotting, galloping, &c., and of birds while flying. — 
A communication was read from Prof. Henry H. Giglioli, con- 
taining the description of a supposed new genus and species of 
Pelagic Gadoids from the Mediterranean, projiosed to be called 
Mretmophorks kleineMler^i. — Lieut, -Colonel H. H. Godwin- 
Aasten, K.R.S.^ read the first of a proposed series of papers 
descriptive of the land -shells collected m Borneo by Mr. A. 
Everett, with the descriptions of new species. The pre‘»cTil 
paper treated of the Captain G. E. Shelley 

read a li,^t of birds cjJlecied by Mr. II. G. V. Hunter 1 ft Masai 
Land during the months of June, July, and August 1886. The 
collection (which Mr. Hunter ha<l presented to the Briii.sh 
Museum) consisted of examples of ninety-four species, seven of 
which were d*’8orlbed by the author as new to scif^ncc. — Mr. P, 
C Sclater, F.K.S., gave a further descripiioa of Huoter’s Ante- 
lope {DmmHs kttnttn) from specimens obtained by Mr. H* Cr 
V- iittnter ott the Kiver Tana, Eastern Africa. — Mr F. E. 
U^ddard read a paper on the fresh- water and terrestrial Annelids 
of New Zealand, with preliminary descriptions of new species. — A 
cmnmuiiication was read from Mr. M. W. Bates, F.R.S , con- 
tftftiing deserLptions of some new genera and species of Coteo- 
pt^us insecta collected by Mr. Whitehead during his recent 
visit ID ICiua Bak. The collection was stated to comprise an 
iniUSttal' proportion new and remarkahle forms.-— This meeting 
itksed the session. The next session (1889-90) will begin in 
November 18S9, 

yietorlo Ihftkute, July 1. — Annual Meeting. -^Sir George 
SloArejs, BarL/TwR.S,, President, in the chair, —After the read- 
in;g adoption of the Report, an address by Prof. Saycewas 
b)^ Pr* Wriiifht It irave a 'description of whai has become 
9 A to the oonquesta of AmenopiUH III,, the palace and its 
l^iVe's, Whibh‘ have only lately been discovered, and which 
PM Hayce iww^it l#(i, U-mler to investigate on the spot. Of the 
.Wteta and he said t— From them we karn that In 

4 wi ; 'fflftc^th’-oemury before Our century befofre the 

kefary InterCoursO was going on ^nfOUghoat 


the civilized world of Westcin Amr, tetween Babylon and 
Egypt and the smaller S-tates of Palestine, of Syria, of Mesopo- 
tamia, and even of Eastern Kappadokis. And this intercourse 
was carried on by means of the Babylonian language, and the 
complicated Babylonian script. 'Ihis implies that, tdl over the 
civillxed East, there neic libraries and schools where the 
Babylonian language and literature were taught and learned. 
Babylonian, in met, was as much the language of diplomacy and 
cultivated society as French has been in modern time*, with the 
j difference that, whereas it does not take long to learn to read 
French, the cuneiform syllabary required years of hard labour 
and attention before it could be acquired.' A vote of thanks 
j was passed to Prof. Sayce for his address, to Dr. Wright for 
I reading it, and to the President. 

j Paris. 

Academy of Sciences, June 34. — M. Dcs Cloiaeaux, Prc«‘- 
dent, in the chair.— On the condition of matter near the critical 
point, by MM. I... Cailletet and E. COlardeau. The series of 
experiments here described, and carried out for the pur|>ose 
of testing the views of Cogniard de Lntcur, Andrews, Kami- ay, 
and other physicists, tend to show that the critical temperature 
of a liquefied gas is not that at which the fluid is totally eva> 
poratcu ahrupUy within the space containing it, for the liquid 
state perisists beyond this temi>erature ; nor is it the temperature 
at which a fluid and its saturated vapour have the same density ; 
but it is the temperature at which a fluid and the gaseous atmo- 
sphere above it become cnpalde of being mutually dissolved irv 
any proportion, so as to form, when shaken, a homogeneous 
mixture. This inter] retation of the critical point supplies some 
interesting data on the unbroken continuity of the liquid and 
gaseous stales of matter.— On the heat of formation of the 
hyponilrites, by M. BerlheJol. M. Maquenne's experiments on 
the hyponitiites, here communicated to the Academy by M. 
Berthelot, seem todecide the question of the formula of hyponitrous^ 
acid, which corre’^ponds with the percentage composition .suggested 
by Divers, but with twice the molecular weight. The complete 
anRly«>is of the Falls of calcium and strontium removes all fuither 
doubt on this point. — Restoration of the skeleton of Idnoccias, 
by M. Albert Gaudry. 'J'he specimen here described is that 0) 
Marsh's /^. mirahilt^ copies of which have been supplied both to 
the British Museum and to the new gallery of palouonlology in 
the Paris Museum. — On the raastodom found at Tournan, Gers, 
by M. Albert Gaudry. The numerous remains of mastodons 
recently found by M. Marty in the Middle Miocene of Touinan, 
all belong to M. attguatuUns. Amongst them is the most per- 
fect head of any mastodon jet brought to light in Europe. 'I'his, 
with some other important parts, has been secured for the Paris 
Museum, and affbrd.s facilities for determining the specific dif- 
ferences between A/. fzn^gtifMprs of the Miocene and the 
ameHtanas of the Quaiernary epoch.- On the occlusion of 
gases in the electrolysis of the iulphale of copper, by M. A. 
Soret. Having already shown {Compes rendus, November 5, 
1888) that certain relations exist between the quantities 
of gas occluded in electrolytic copper and the conditions 
of temperature and acidity of the tlectrolyte, the author 
has carried out acme fun her experiments leading to more 
accurate results, and throwing some light on the action of 
the electrolysis in this paiticular case. He finds that the 
electrolytic copper contains caibon dioxide and hydrogen, 
the latter of which is in most cases present in largest iiro- 
portion (five -sixths may I e taken as an average), and in all 
cases when the electrolyte is acid ; further, that the hritiieness 
of the deposit of cojiper is related to the presence of carbon dioxide. 
—-On the compounds of ruthenium and ammonia, by M. A. July. 
The author has already shown that the constitution of the red 
chlorides of rttihenium was more complex than was suppo cd by 
Claus. It results from his further researches that the chloride 
and all I odies derived from it contain an atom of nitrogen more 
than was indicated by Claus, and that their formula might be 
written thus; Ku . NO . OH . Xg(4NH4). — On the presence cf 
sulphate of soda In the atmosphere, and on the origin of 
Koltne dust, by M. P. Marguerite-Delacharlonny, Some facts 
are here aodnoed which may give a more general and perhaps a 
more eOTt ect explanation of the presence of the sulphate of scdti 
in tbo aMospheVe than that of M. Par men tier,— Camphor and 
bOrneo^' rosemary, by M. A, Haller. A ntiw method is 
dmori^d for lepOratlng these substances,— Mean aHItudO of the 
eontiAtiUa and mean depth of the oceans, by M, A. de TlUo, 
Ttctk the aothorV minuU researches it results that the mimerical 



datft hitherto accepted by rariotts authorities require to be tuodi- 
fi0d* He finds the mean elevation of ell the continents above 
•eadevcl to be 695 metres r northern hemisphere* f 7 13 ; southern 
hmUphere* 634; Europe* 317; Asia* 957; Africa* 612; 
Koith America, 622 ; South America, 6r7 ; Australia* 240. 
Mean depths of aV the oceans* 3803 : Pacific* 4380 ; Atlantic* 
4032 ; Indian* 3674 ; northern seas* 3627 ; southern seas* 
39 ^ 7 - 

Berlin. 

Physical Society* June 7.— Prof, von Helmholtz, President* 
in the chair. — Dr. K. von Helmholtz communicated the rosuUs 
of his experiments on the radiating; power of flames. The problem 
which he had set before himself was to determine the relationship 
between (he radiant energy of flames, and the amount of gas 
consumed for their production. The latter was measured by the 
fidl of the gasometer-globe which contained the gas* the former 
by means of a bolometei||iibr each of whose sc^e-divlsions the 
equivalent value in heat*til^its had been carefully determined by 
three different methods. The radiating energy of the flames 
depended upon a number of conditions which were each severally 
investigated ; as* for instance, the size and shape of the flames* the 
amount of foreign gases introduced, and the ratio of the amount 
of oxygen to the amount of gases with which it was mixetl. 
For the purpo'ses of comparative measurements, a moderately 
high flame was chosen, which produced no smoke and was 6 mm. 
thick. Luminous flames radiatra more energy than non-luminous, 
and it was proved by an extended series of careful quantitative 
experiments chat the radiating power of the flames was not 
dependent upon their temperature. From this it follows that 
Kircho^s law does not hold good for flames — -a result which is* 
however, quite in accordance with the limitations he put to his law 
(nr those cases in which heat is directly converted into radiating 
energy. In the case of flames it must be borne in mind that 
.chemical affinity comes additionally into play: the speaker 
entered fully into the influence of this upon the radiation of 
energy* and endeavoured to make it clear by means of an ex- 
tremely interesting hypothesis. After this he staled the numerical 
data which he had obtained for both luminous and non- luminous 
flames* produced with a series ofgases —hydrogen, carbonic oxide* 
methane* coal-gas* methyl-alcohol* dec. Starting as a basis with 
Julius’s statement that the products of combustion arc the only 
criteria of the amount of radiation* and hence calculating the 
radiating energy of the flames, he obtained values which 
corresponded veiv closely in most cases with those actually 
observed. Finally he calculatecl the total useful effect which 
can be obtained as radiant energy from the gases wbiq)t are 
bring consumed in the production of the flame. From this he 
nrri'^ at the imeresting result that it is far more economical 
(0 use the gases for driving a dynamo which supplies incan- 
descent lamps, and to utilize the enetgy radiated from the latter* 
than to buriLthe gases, and utilize the energy which is radiated 
out from their non-luminous flames. The communication* as a 
whole* of which only a short sketch has here been given* 
contained a large number of very valuable quantitative results. 
— Dr. Budde spoke on " tautological ” contacts in mechanics* and 
deduced the general conditions under which a close determination 
•of contacts between surfaces and points U unnecessary (‘tauto- 
logical”). 

Phyaiological Society* June 14.— Prof. Munk* President, 
in the chair.— Dr. Openchowski spoke on the researches which 
he has carried on since 1883 on the movement and innervation 
■of the stomach. The movements were recorded by introducing 
into the stomach a small bag filled with water and connected 
with a manometer* the motion of the column of fluid in the latter 
being recorded graphically. The fundus and first third of the 
stomach never exhibit any spontaneous peristaltic movements* 
these beingronfined to the second and last third* including the 
Monis. centre for the initiation of the motor movements 
lies k the ganglion celts under the serous coat which extern^ all 
over ihe stomach along the branches of the vagus The 

motor and inhibitory centres on which the movownts of the 
■cardiac end depend are situated in the brain and Spinal bord ; 
the motor centres Ue in the corpora quadi^mina wii in the' 
mnnaloord between the fifth apd eighth • ihe 

centres lie in (he corpus striatum* 

. 4 eved cord. The connection 

and the stomach is provided by Che 1^1 tt ho 
^canbe^a between the cranial and spinal oenti^ 1m cenrias 
for the pyloric end are situated in the same places oi those for 


the cardiac end* but the centres which are InibiWttiry fiw tW. 
latter are motor for the former, and vice The Speyer 

has studied the act of vomiting very fully* The stomach plays 
an active part in this act. After paralysis of the stornach* tno 
movements of vomiting may be brought about* but ,do nt rt *e ^ 
to an ejection of the stomach’s contents. After adtuinsST 
terlng an emetic, such as sulphate of copper, the fundus and 
first third of the stomach is actively dilated ; the pylorus ll at 
the same time relaxed, and the contents of the sn^l intestine 
driven into the stomach by the contraction of the intestinal waliSr 
and then, by the strong and progressive contractions of the 1^ 
two* thirds of the stomach, they are driven on into the first third 
of the stomach. At this stage the stomach has a pea^like shape, 
the fundus being unduly distended. The reflex movements of 
vomiting now occur, and the pressure exerted by the abdominal 
muscles leads to the emptying of the highly distended fundus. 
As after paralysis of the stomach, so also after section of the 
vagi and excision of the stomach and intestines* the movements 
of vomiting occur when an emetic is administered. No 
centre for vomiting appears to exist and be actively functional 
during tbc act* but there would seem rather to be a combination 
of co-ordinated centres, whose position has still to be more 
definitely ascertained. 
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AFRICAN RIVER LIFE. 

A Visit to Stanley's Rear Guard at Major Barttehfs 
Camp on the Aruhwimis with an Account of River Life 
on the Congo, By J, R. Werner. (Edinburgh and 
London; Blackwood and Sons, 1889.) 

T hat, with our present knowledge of its geography 
and resources, Africa should be considered the 
special field for travellers en grand^ is not surprising. 
Nor is it strange that merchants and moneyed men 
should be attracted to a land so rich in the means and 
materials of commerce. Immense progress has of late 
years been made in filling up the blanks for which its 
maps were* notorious up to a very recent generation of 
school-boys ; but the impulse in this direction is not yet 
expended, and Europe awaits eagerly much-needed en- 
lightenment on the Sahara and Western Soudan, besides 
those countries of which more is heard, and remains to 
be heard, in the development of our existing foreign or 
colonial relations. To the north, Algiers and Egypt ; to 
the south, the Cape of Good Hope and neighbouring 
territories ; and east and west, the coast lines, and out- 
lying islands generally, of the main land, have long since 
become familiar localities to students of travel and current 
events. It is only, however, within the last ten or fifteen 
years that equatorial Africa has been fairly opened out. 
Across the huge continent Europeans have now placed 
a broad and continuous girdle, reaching from the 
mouth of the Congo at Banana to the dominions 
of the Sultan of Zanzibar. Looked at from west t© 
cast, the component parts of this girdle are ihe 
French Congo, won to France by M. De Brazza and 
Belgian concession ; the Portuguese Congo, allowed to 
Portugal in deference to a long-asserted claim, the fre- 
quent rejection of which by the English Foreign Office 
seemed to demand a change of treatment ; the Free State 
of the Congo, founded and acquired by Stanley and a host 
of explorers and emissaries serving the King of the 
Belgians, first among promoters of Central African ex- 
ploration ; the wide-spreading (icrman lands obtained 
from the chiefs of Usagara, Nguru, Useguha, and 
Ukanio, by three skilful and enterprising negotiators, 
whose work— like that of the Society of German Coloniza- 
tion — was almost immediately taken under the protection 
of the Imperial aigis on the signatures being affixed to 
the Treaty of Berlin ; and now the girdle has become 
deepened by the important addition of the tracts ceded 
to the chartered Imperial British East African Com- 
pany. What may be done by the Company dealing 
with the African Lakes is a problem the solution of which 
should belong to the combined or separate action of both 
philanthropists and commercial speculators. 

If the progress of mapping out Africa has been mar- 
vellously rapid in the second half of the present century, 
the educational gain to the civilize^ world from the process 
is due not only to the labours of practical exploration, 
but also the literary skill and ability with which those 
labours have been recorded. Travellers such as Burton, 
Livingstone, Baker, Johnson, Thomson, 
ahd Sentry, have been enabled, by the of 

natural qualifications, io give to the world Ash' iigemmai < 
You XL,— No* \ 


impressions and experiences with more or less of artistic 
power, and the advantage to a reading and appreciative 
public has been consequently great. But a second class 
of writers must not be ignored, who, without laying claim 
to the rank of chief explorers or the merit of original 
discovery, have shown themselves fully capable of 
strengthening the revelations of the princes of African 
travel, by chronicling the results of their own lesser, yet 
always intelligent, nomadism. Of this class Mr. Werner 
is a good representative. His well-written narrative 
might well have won attention as a mere description 
of African river life, without the use of an ad captandum 
title in reference to “ Rear Guards.^' 

The author, accepting serviceHs an engineer under the 
Congo State, embarked from Antwerp in April 1886, 
arrived at Bandna late in May, passed up the river to 
Boma and Matddi (which has taken the place of Vivi on the 
left bank), and left the latter station for Stanley Pool, by 
land, on June lo. After many days of roughing and 
sickness, he reached the Pool station at Leopoldville, was 
detained there until the middle of July, and on August i 
came to a halt at Bangala, his prescribed head-quarters. 
This is one of the more northerly posts of the Free State, 
and is situated about a third of the way between the 
Equator and Stanley Falls stations. Here he was seldom 
allowed to rest for many weeks together ; for the little 
steamer to which he was attached was in constant requisi- 
tion. In fact, his river expeditions— at one time of a 
punitive or political, at another of a searching or scientific 
character — extending, in advance, to Stanley Falls, and, 
in rear, to Leopoldville, or limited to places within either 
distance-' “form the substance of his book. 

Mr. Werner’s official residence may be described in his 
own words : — 

“ Bangala Station stands on the north bank of the 
Congo, in the town of Iboko, which forms the centre of 
a ten -mile line of towns and villages inhabited by the 
Ba-Ngala tribe. This settlement is surrounded on three 
sides by swamp, and on the fourth the River Congo cuts 
off all communication except by boat. According to 
native accounts it is possible in the dry season to go 
some two days’ Journey inland ; and I should think it 
quite practicable to penetrate as far as the Oubangi, but 
as the tribes on the bank of that river are hostile to the 
j Ba-Ngala, 1 had no means of ascertaining the fact, and 
I I have never been more than six or seven hours’ journey 
i in that direction myself. I found the country gently 
• undulating— the rising ground for the most part cleared 
and cultivated, and the hollows filled with a dense scrub, 
which, in the wet season, grew out of three or four feet of 
water, sometimes more. After some three hours’ journey 
inland, all cultivation ceases, and the path runs through 
one continuous jungle of scrub, there being very few 
large trees.” . 

Vivid pictures of scenery are not wanting in these 
pages, and a chapter headed “ Exploration of the 
Ngala,’* gives an account of a nine days’ endeavour 
to test the navigability and uses of a feeder of the Congo 
which empties itself into the larger river about forty or 
fifty miles above Iboko. This expedition was, however, 
abruptly to an end by hostilities on the part 
of apd wariike tribesmen. Mention is also 

mikbt of ft; iafge lake supposed to exist in the feghms 
beti^een t|^ Lower Lomami and the head erf the' Congo, 
and to bie distant only one day’s canoe journey ftom the 
former* Its appearance in the map accompanying Mr. 
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Wtmer's narrative presents a new geographical featurei 
the warrant for which has probably by this time been 
cot^firmed or disallowed. Dut the chief interest attaching 
to the book arises /rom the description of living persons^ 
Enropean or native, who take, or have taken, part in the 
story of the Congo Free State. The narrative may not 
always be as gratifying as truthful ; nor is the record of that 
kind of warfare which tells us of the shooting of natives as 
though they were but large game, quite pleasant reading ; 
but allowance must be made for unrecorded provocations 
and exigencies, and let us hope that conciliation will ! 
have a wider field for exercise when the harder obstacles I 
to peaceful settlement shall have been removed. No civil- 
ised being could wish forthe renewal of days such as those ; 
in Which Mr. Werner ** saw more than one poor wretch 


THE MATHEAfAtICAL METHOD IN 
POLITICAL ECONOMY. 

Untcrsuchungcn uher die Iheorie dts Preises, Von 
Rudolf Auspitz und Richard Lichen. (Liepzig : Vwrlag 
von Duncker und Humblot, 

T he usefulness of mathematical reasoning applied to 
political economy, the value of the methods origi- 
nated by Cournot and developed by Jevons, may be 
said to be still sui^ jttdice. The consideration^ of Messrs, 
Auspitz and Lieben^s diagrams and symbols tends to 
confirm the opinion that mathematical analysis is a 
potent, if not an indispensable, means of obtaining clear 
general ideas in economics. The metaphysician w’ho 
twists and turns the terms force and energy without 


put up his shield, only just in time to receive a ball right 
through it and himself as well, and come rolling down the 
clay bank into the river, dead as a door-nail.” The | 
author has dwelt, moreover, upon a passage in his own | 
particular career which cannot but leave a painful impres- 
sion on the mind of his reader. He bad been told that ' 
Tippoo Tip had threatened mischief to Major Barttelot j 
if certain conditions were unfulfilled, and he had been j 
restrained by circumstances from communicating intel- j 
figcncc of the threat to that gallant and lamented officer. ; 
It is easy to understand how this non' revelation of fore- ' 
shadowed ill haunted his brain, and how mental distress 
became aggravated by the sad news of Major llarttelot's 
death ; but he may well derive consolation from the 
conviction that the reported threat was the outcome of a j 
state of things which must have been fairly appreciated 
by all Europeans in those days encamped in the neigh- 
bourhood of Stanley Falls. 

Mr. Werner is no doubt right in assuming that 
“facility of transport to the coast by means of railways 
and steamers will do more, by making slave* caravans 
unprofitable, to put down the curse of Africa,” than the 
extinction of elephants—an hypothesis much favoured by 
recent writers. Were steam once made available for 


grasping their mathematical signification is not more 
likely to become entangled in his talk than the practical 
man who reasons about supply and demand, and cost and 
value, without having once for all considered the ideas in 
their clearest and most abstract form. For the purpose 
of this contemplation Messrs Auspitz and Lieben employ 
a construction differing from most of their predecessors ; 
namely, a figure in which the abscissa represents the 
quantity of a certain commodity, the ordinate the amount 
of some other article— in particular, money— which is ex- 
changed for that which the abscissa represents. We 
cannot, however, quite admit the statement : “ Unsere 
Kurven unterscheiden sich schon durch die zu Grunde 
geleglen Koordinaten von Jenen unserer Vorgiinger.” The 
same construction is used in the papers of an eminent 
English Professor, which, though unpublished, liave been 
widely circulated in the learned world. It has also 
appeared in at least one English publication, Mr. Edge- 
worth’s “ Mathematical Psychics,” with due acknowledg- 
ment to the distinguished originator. 

However, our authors have made the construction their 
own by many important developments. They employ, 
in addition to demand and supply curves, a less familiar 
locus ^ which may be thus described. In the accompany- 


iraffic along the main thoroughfares of the Dark 
Continent, the necessity for the employment of slaves in 
the conveyance of ivory would naturally cease, and one 
source of evil would thus be stopped by the mere force of 
circumstances— ttteans quite as efficacious as, and more 
satisfactory than, armed intervention. In the final chap- 
ter tihe author considers with much intelligence and 
practical sagacity the different lines of communication 
now being opened out between the coast and the interior 
of Africa. These art notably, on the cast, a land and 
water route fimrii Uganda to the sea-mouth of the Tana 
River, passing through or skirting the possessions of the 
British East African Company ; to "the westward, the 
pro^bd railway to facilitate traffic between Banana and 
and, on the south, communications develop- 
4t9 Imaibt the far from insignificant agency of the African 
Lak^s Company. Truly, European entetprise Is astir hi 
the land ; and England, the payty most interested in fhe 
movtm^t, if she remain content to be me most re* 
sjponsl^le spetifddlfor in its risks, ,^ould furidier b 

in WftiSts, , 

, ' 'this vc^ume is enhsoM^ by 

Stahlby’s likens it exteRent, 
aed tll ^Itcb of Mata Bwyki highly chartetwriatic. 


ing diagram let any abscissa, 0 Q, represent a quantity of a 



certain commodity; and let QK represent die amount of 
money which a consumer wbuld be just willing to give in 
exchange for the commodity OQ; in such wise that it 
woeld be indifferent to him whether he procuired 0 Q: Oh 
such terms, or did not consume the artldle kl all lAe 
ioois trf dfls pdlftt O N is called the utility cuM. "'Cdri't*: 
laeed cutve is the demand ourte 0 
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wliicb indicates the amount wbicb any individual is willing 
to ^tchasc at the price represented by the tangent of the 
afagle r' 0 Q. The advantage which the individual derives 
from that purchase is represented by the length of the 
H«e RR' — that is, supposing money to be a uniform 
measure of value, which would cease to be true when the 
tramsaction is on a very large scale : for instance, the 
paym^t of so much as Q r would so cripple a personas 
resovroefi as to render money a more important object to 
him, to alter his WirUchatzung des Glides. Still, even in 
this general case, o N is regarded as a curve of constant 
satiefaction," which we may describe as much the same 
as the “ line of indifference of the English publication 
to which we have referred. By a parity of construction 
we have the cost curve to represent the amount of money 
in return fbr which one would just .be willing to produce a 
certain quantity of on article ; and the offer or supply 
curve indicating the amount which the producer will offer 
at a certain price. 

The curves which we have described represent primarily 
the effective dispositions of individuals. By superposition 
of such individualistic curves, we obtain corresponding 
colkcUve curves. The intersection of the collective de- 
mand curve and the collective offer curve gives the price. 
On this point our authors’ analysis throws some new light. 
They point out that most of the curves with which we 
have to deal are of the nature of an envelope^ made up of 
a number of distinct loci. Consider the cost curve of the 
individual, for instance. His dispositions may be re- 
presented by two discrete curves, according as we con- 
sider different scales of production ; say, hand-work and 
manufacture by machinery, corresponding to the neigh- 
bourhood of Q and q' respectively, in the accompanying 
figure. The outer portions of these lines, marked black 



in our figure, form the genuine cost curve ; from which a 
similarly composite offer curve may be derived. This 
sprt of discontinuity has not been unnoticed by other 
in the case of production. But we bdieve that 
l&esm. Auspstz and Lieben are the first writers who have 
malfltaifwd ^at the Imis on the side of consumption is 
shpilatly coibposite ; that the demand curve is made up 
df^^veral bits^ corresponding to differmt styles of life 

It foHowa from these oonce{^loas that the demand 
aupply curve, whose intersection determines pri^p, 
must be of a simple shape, not re-^tnmt add erjumpi^ 
^ as they lUtve sometimes beiim eepreiebte^^ 
we mvy deduce rimt—theomtlcatei;.^ 

* i Of eidightened ‘ ^ * * * 



tends to prevail in an ideal market is not only determinate, 
but unique. There cannot be, as it were, several solutions 
of the equations of exchange. The interest of this con- 
clusion will be apparent when it is remembered that the 
contrary statement is advanced as important by Mill, with 
respect to international trade, and by Prof. Sidgwick, 
with respect to trade in general. 

The curves employed by Messrs. Auspitz and Lieben 
assist us in conceiving a subject on which many mis- 
apprehensions exist— the gain of foreign trade. It takes 
Mill and Prof. Sidgwick a good many words to prove 
that it is possible for a country, by a judicious import or 
export tax, to benefit itself at the expense of the foreigner. 
The truth is seen much more easily, and in a higher 
degree of generality, by a glance at the appropriate 
mathematical diagrams. 

The method also adapts itself to the dealings of a 
monopolist. The influence of a single large dealer in 
competition with several small ones is represented by a* 
construction of peculiar beauty and originality. If it is^ 
true that we are drifting towards a Hgime of trusts, com- 
binations, and monster establishments, surely any ray of 
[ new light on this somewhat unexplored field ought to be 
i welcomed. It may be ditflcult, perhaps, to estimate the 
! positive practical value of this use of the mathematical 
i method. We might compare, perhaps, the function ^of 
j the sovereign science in respect to the theory of mono- 
' polics, with the duties of government in respect to their 
' management— to exercise a general supervision without 
attempting to control details. 

; Messrs. Auspitz and Lieben have also treated the case 
of monopoly in which an individual or combination deals 
with another economic unit. They of course see the 
point, which is often misled by the litterateur^ that, without 
perfect competition, the determination of price is, within 
certain limits, indeterminate. On the question, what basis 
of arbitration— in the absence of the mechanical principle 
of competition — should prevail, we venture to regard their 
answer as much more profound than that which has been 
given by the roost eminent English Professors. An agree-, 
ment to the terms which afford the greatest sum total of 
utility will tend to come to pass. The utilitarian position 
thus indicated would coincide with the settlement towards 
which perfect competition tends, upon a certain con- 
dition which our authors have introduced. The condi- 
tion may be described as proper to perfect competition ; 
namely, that every portion of an article should be ex- 
changed at the same rate. We are not satisfied that our 
authors are justified in predicating this condition of a 
bargain, such as that between an employer and a com- 
bination of workmen. Nor do we accept the implied 
optimistic conclusion that, in the abstract at least, the 
play of competition in the labour market tends to the 
astangement which is the best possible for all conceirafid* 

But we aw sensible that on points so abstruse it i» 
hardly f!<w^uble to make our own meaning, or that of our 
authow, efear, without a more copious uee of symbols and 
vei;{i^exp^ation th^ be here admissible We 
wl^ indicating sonse salknt &amres 
of the tts, we have not been 

out Wild completeness of the w Imhi^ 

no other, piece of reasoning which has issued ffenn the 
mathtmatiffifl school of economics is so perfectly fitted 
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together. No other of equal originality is equally easy 
to understand. The intellectual pleasure which is com- 
pounded of mathematical exertion and the interest in 
human affairs is herO enjoyed must purely. F. Y. E. 


PROFESSOR VON “ CRANKS 

Richtigstellung der in hishcriger Fassung unridttigen 
Mechanischen WhrmetheoHe und Gf'ttndzuge einer 
allgemeinen Theorie der Aetherbewcgungen, Von 
Albert R. von Miller- Hauenfels, Professor a. D. in 
Graz. Pp. 256. (Wien : Manz’sche k.k. Hof-Verlags- 
und Universitats-Buchhandlung, 1889.) 

I T is quite refreshing to come across a real “ crank ” 
among the sober Germans. As might be expected, 
there is a good deal of irregular metaphysics involved in the 
luaibrations of a German “ crank.” One would not, how- 
ever, expect an entire ignorance of the first principles of 
the mathematics involved. The author of this hardly 
sufficiently ingenious to be even curious work begins by 
objecting to the well-known thermodynamic equation for 
perfect gases — 


because, forsooth, it is not identical with the general 
differential equation — 




dv 

dt 


+ v 


di* 


forgetting that the definition of C, as he himself gives it, 
assumes that, in the first equation, p is constant. In 
order to escape this invented difficulty, he loads himself 
with an equation — 

JQ ■■ -f vdp + 


which involves the remarkable result that the heat required 
to warm a gas at constant volume is JQ = ]cdt 4 * ^^dp^ 
while by definition it is — ]cdt. It is not necessary to 
remark that the author carefully neglects to draw this 
conclusion. His equation is founded on the interesting 
principle that, when any event produces two different 
effects on the same organ of sense, each effect must be 
due to a separate flow of energy. When a mass of gas 
is warmed at constant volume, and one resists its expan- 
sion, one feels two effects with the same organ of sense : 
(i) the increase of pressure, and (2) the increase of tem- 
perature ; and it is argued that each must be due to a 
separate flow of energy. This interesting principle leads 
to the startling conclusion that the heat required to 
change a body from one state to another, is independent 
td the states through which the body passes, and spends 
only m the initial and final states ; and this startling 
involves the equally startling that 

' ‘ thelntemal energy of a body is a function iSoteS k 
has passed through. It would b«;^ very to 

study difference betweeiv water that 
passed through i^me cyclic process, an^ 

nef ; no chemist has yet detect^ 4 

m auldd be multiplying words withoar 
thffoi^ elobovate bolstering of bypothe^^ assump- 
tion and unreason required to deduce any imidance 
to fact fitom these beginnings. It may however, be 
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worth while to notice something in the second part of 
this work on the nature of the ether. It is assumed that 
Fresnel has conclusively proved that an ether consisting 
of molecules which repel one another would transmit 
transverse vibrations like light ; and, in order to turn the 
difficulty of the existence of longitudinal vibrations to 
useful account, it is assumed that these latter exist and 
are heat. It is hardly necessary to investigate a theory 
of electric and magnetic forces founded upon such an 
ether, and upon some curious ideas as to forces flowing 
from place to place. 

And what is the use of spending time looking into such 
a work as this ? It is by studying extraordinary and 
startling departures from reason, and not the ordinary and 
familiar ones, that we learn the causes of our aberrations 
and how to avoid them. It is the same unreasoning pre- 
judice for I can hardly believe it otherwise,” the same 
neglect to study the meanings of symbols, whether words or 
letters, the same satisfaction with a theory that leads to 
some trueconclusions, which bristle upon every page of this 
book, and which are some of the most important factors 
in the prejudice that ignores the necessity for verification, 
the muddle-headedness that is content with vague notions, 
the clinging to an incomplete hypothesis that stands in 
the way of a true theory, all and each of which are in all 
and each of us such bars to progress. If the study of 
Prof. Miller- Hauenfels^ errors leads to even a state of 
preparedness to look out for similar errors in our own 
work, the study will have been fruitful G. F. F. G. 


Ol/R BOON SHELF. 

Trai// EncyclopSdique de Photographie. By Charles 
Fabre. Vol. I,, Part I. {Paris: Gauthier- Villars, 

1 889.) 

This is the first part of an encyclopaedic work on the 
history and development of photographic methods. Its 
general object is to set forth, not only full particulars of 
the methods now in actual use, but also a complete story 
of the gradual improvements which have led up to them. 
There is I i tile doubt that the rapid progress which has 
been made in photography has been largely due to the 
fact that the whole subject is so new, that every in- 
vestigator who sets himself to work soon becomes 
familiar with what has gone before, and is thus in a 
position to consider what further advances arc possible. 
It is certainly not too much to expect that such a work 
as is contemplated by M, Fabre will do a great deal 
towards simplifying the acquirement of this knowledge. 

It is proposed to issue the work in twenty monthly 
parts, of which five parts will constitute a volume. The 
first volume will treat more particularly of the geneml 
history of photography and photographic apparatus, 
special attention being mven to the subject of lenses. 
The second volume will deal with the production of 
negatives, and the third with positives of every de- ^ 
senption. The fourth volume will first treat of the 
methods of enlargement, and then of photographic 
chemistry and theories of the formation of photograi^k 
images. This comprehensive scheme, if well followed 
out, as no doubt it will be, if we may judige by the excel- 
l^ce of the first part, will obviously constitute a valuaUe 
edition to photographic literature. • 

In the first* ;paxt the whole subject of lenses is con- 
siderediijl)^ toe chemical Composition of the various 
in their construction to the yariohs 
used. Spherical aberhkion, 
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astigmatism, and chromatic aberration, and their reme- 
dieSf arc all fully conaidered. A useful bibliography is 
also appended to each chapten 

Les Levers Photogf^apkiques, et la Phoiographie en 

Voyage. By Dr. Gustave Le Hon. Part I. (Paris ; 

Gauthier- Villars et Fils, 1889.) 

This work treats of methods of obtaining by means of 
photography elevations and plans of monuments, build- 
ings* &c.^ the intention being to render unnecessary the 
laborious tasks and long calculations which up to the 
present time have been unavoidable. 

The modifications a camera has to undergo before 
operations are begvin consist of the addition, first, of an 
india-rubber support fitted between the camera and the 
tripod, and, secondly, of a graduated ground glass in the 
place of rt plain one. The india-rubber support is to enable 
the camera always to assume a horizontal p>05ition in what- 
ever position the tripod may be ; the ground glass thus 
being parallel to the face of the building which is about 
to be photographed. There is also an arrangement by 
which the camera can be rotated, liy means of the 
ground glass the dimensions of objects can be easily 
measured, and horizontal and vertical angles can be 
read off. 

The first few chapters relate to methods of graduating 
this glass, and its employment in the measurement of 
angular distances, also the mode of determining the focal 
lengths of the lenses employed, and the measurement of 
the sizes of objects after they have been photographed. 
Chapter v. treats of the general principles of photographic 
perspective, followed by the applications of those prin- 
ciples to the solutions of various problems, such as, “To 
determine the height of an inaccessible tower by a single 
photograph “ To obtain without any measurement on 
the object itself its various dimensions, &c. Lastly, 
Chapter vi. deals with photographic triangulation and 
methods of measuring large base lines. 

Tke International Annual 0/ Anthony s Phoiographie 

Bulletin. Edited by W. j. Harrison, F.G.S., and 

A. H. Elliot, Hh.D., F.CS. (London; Ilhffe and 

Son, 1889.) 

This is the second issue of an interesting and use- 
ful work. The number of articles has been con- 
siderably increased, and there is also an increase in 
the number of tables at the end, which will be of ser- 
vice both to professional and to amateur photographers. 
Various methods of printing are displayed in the illus- 
trations. Two pretty views are given, one of which is 
taken with Dallmeyer^s long-focus rapid landscape lens, 
and the other with his wide-angle landscape lens, 
showing well the effect of these different focus lenses. 
No pains seem to have been spared to make this issue 
surpass the first one, and the editors arc to be congratulated 
on the results of their labours. 

Industrial Education. By Sir Philip Magnus. (London; 

Kegan Paul, Trench, and Co.) ^ 

The articles and addresses brought together in this ^ 
voluine form a valuable contribution to the study of one 
of the most important and interesting questions of the 
iwesent day. Sir Philip Magnus has not attempted to 
exhaust hU subject, or to deal with it systtSmatically, He 
merely presents it from various points of view, offering 
suggestions as to the urgent need for a proper technical 
training, and as to the methods which may be most fitly 
used for the attainment of the ends in view, Every page 
bears witness not only to the wHtcr^s gfeeral knowledge 
and ability, but to his braclical famllla^'sy^ all the 
aspects Of the problems he discusses. A best 
^pdrs in the book is that in which 


of the school system of Bavaria, whose educational ar- 
rangements are not so well understood in this country as 
those of Prussia. No one who reads this paper, and 
takes into account all that has been done for education in 
the other States of Germany, will find much difficulty in 
explaining the fact that in industry and trade the Ger- 
mans have become our most formidable competitors. 
Another excellent paper is on mercantile training, and 
there is aUo a good paper on technical instruction in 
elementary schools. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions esc- 
pressed by his correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of NA 7 'UlLtt. 
No notice is taken of anonymous communications. ] 

An Index to Science. 

I AM ^Ittd to see that Mr, Taylor Kay has again Ijrought for- 
ward the question of a subject index to scientihe periodicals. 1 
say again, because the proposal to make such an index was 
suggested by me in a short letter in Nature, vol, xviii. p. 2JI, 
and more fully at the first meeting of the Library Association 
at Oxford, in October 1878 (Transactions of Library Asso- 
ciation, 1878, p. 85). l)r, Garnett also read a paper before 
the same Association on this subject in 1879, which was fully 

f rinted in Nature, vol. xx. p. 554. In my original letter 
suggested making the index from the papers themselves, and 
not #rom the Royal Society’s Catalogue; my reason for' this 
was the difficulty that must be experienced in indexing many 
papers, should the indexer have nothing but the title in front of 
him. Ucfcrence to the paper is absolutely necessary in many 
instances, especially when tlie title does not fully set forth its 
contents. Dr. Garnett, however, pointed out that much labour 
might be saved if the Royal Society would give two copies of 
its Catalogue of Scientific Papers, which might be cut up to 
form the copy of the subject- index. There can be no doubt 
that Dr. Garnett is right, l>ecause, by his plan, how’ever many 
papers it might be necessary to refer to, the amount of labour 
as regards manuscript would be very materially diminished. 
The greatest difficulty of all is the money. Mr. Taylor Kay 
lakes comfort in a Treasury Minute of November 1864, and 
hopes, from that, that help might be obtained from the Govern- 
ment,* I am afraid, however, it will damp his ardour to be told 
that the Government have refused to bear the cost of printit^ 
the Catalogue for the decade 1874-83, although the matter is 
all ready for the press. It seems to me that, as suggested iu my 
oiiginal paper, the co-operation of the learned Societies is the 
only way in which the necessary funds can be obtained. 

I gather from Mr. Taylor Kay’s paper that he rather suggests 
a ** classified list of papers. If that be so, 1 would like to 
protest against such an undertaking, feeling sure that it will, 
like all its predecessors, be doomed to failure. What is wanted 
is an index pure and simple, in which information can be turned 
up without consideration as to what “ class” or ^'classes” the 
indexer has thought fit to enter the subject under. Anyone 
who has used the admirable catalogue of Dr. Billings will at 
once admit its superiority to any “classified” arrangement, 
whether it be that of Comte or of any other philosopher. 

The question of this index has been hanging hre too long, 
and I should be delighted if Mr. Taylor Kay\ paper were the 
means of some active steps being taken to start the wOElc, 
Poole's Index is a standing answer to those who say it cannot 
All that we want are willing hands and a ^ 

if the" ocieetific Societies or an enterprising publisher fimi 
the taUik, I cannot believe the former will be wanting. 

' James Blake Bailey. 

of Surgeons, July 5. 

'I 

a' C ordial Recognition. 

I witnessed a curious case of bird Which 

seems mstm tecprdmg. A gardener living at Zukalerki, three 
miles iFOdn here, caught in ms garden a young but fully fiedged 
sparrow, which he brought to the house of a friend with whom 
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we m stayins in Canea, leavine home early in the mornii^, 
tie presented Uie bird to one of the children in the house, and 
it in a cage and hung at the window, where it aeemed 

Ukdy to be contented, losing its fright after a few hours. I^te 
in the afternoon an oM bird was noticed fluttering about the 
cage apfiarentty trying to get at the little one, and the yoUng 
bi^ on iu appearance became frantic to get out to the old one. 
It was e*ridently the mother of the young one, as the recognition 
was too cordial to have been owing to the interest of a strange 
bird j and when my daughter opened the cage, as she did after a 
little, they both flew oft r.ipidly in the direction of ZukaJeria. 
It is impossible that the old bird should have followed the 
gardener, as we should have seen it earlier in ihe day. 

Canca, Crete, June 27. W. J. Stiu,man. 


Seismology in Italy. 

I KAVif, only lately seen Pr. Johnston -La vis’s article in 
Nature (vol. xxaix. p, 329), on the present state of seismology 
in Italy. T have read it with much interest, and with the 
reatest satisfaction, because it deals with the most recent works 
ue to the new and serious impulse given to the study by the 
Government during the last five years, I thank the author'for 
having noticed one of my writings, “ Sulla Bistemarione delle 
osservazioni geodinamiche regolari.” There is little — hardly 
anything — absolutely new in this work, because in writing it I 
desired only to sum up the deliberations of the Royal Geody- 
namtcal Commission, to which 1 had the honour to belong. I also 
brought together in it all that was really seilous and positive in 
other works, with the intention of dispelling the confusion 
which unhappily prevailed when this scientific branch was in the 
power of dilettantism, which had the prerogative of the long^ 
winded style, the tharlatanism, and the seismic magic, of which 
the author of the article justly complains. In a word, I wished 
to set forth a proper programme, vith the ideas which the 
Commission conceived, and which continue to form the principle 
of the deliberations of the directinjj Council for Meteorology and 
Geody namics, in which the Comnussion has been merged On 
this serious and well -determined principle the service is continued 
in the island of Ischia as elsewhere. 

In accordance with the jost ideas of your correspondent, I 
must nevertheless make one remark on the subjects which relate 
more especially to the studies carried on in the island of l>chia ; 
namely, that there is really something of novelty in some of the 
other writings of mine included in the volume that contains the 
work commented on. 

One of these writings consisted of the theoretical relation I 
presented in response to the demand of the Royal Geoclynftmical 
Commission in the sittings of June 1886, The approval of this 
work by the Conitnisiion contributed to the adoption, for the 
study of the form of seismic movements, of the mechanical 
principle of three components adapted to a steady point This 
principle was studied, and nut into execution, by the mechani- 
cians Brassart of the Central Office of Meteorology and Geody- 
namics : and while it has tended to simplify completely the 
methods used in the observation of earthquakes, and to bring to 
an end the innunterable imperfections of former times, it is not 
oven yet w’cll understood by men of the old school 

Three of my works relate to the variations ob.^erved In the 
temperature of the thermal springs at Porto dTschia. A 
rigopously mathematical analysis has revealed a hydrostatical 
law in relation to clranges in the level of the sea. Tatar studies 
which I undertook upon the diagrams of a registering ihermo- 
mater, and which the Director, Prof. Tacchini, presented to the 
Accawmia dei Tdneci on October 7, 1888, proved the in- 
flnSfnee aleezted by the horary stale of the tide, while previously 
•otbd Isolated observations had made way for hypotheses of 

of my works expounds a new principle foe ren^ring 
astatic-^ot nearly so— >m a horizontal direction, the steady point 
in and gives a maihemutical demonstration of IV 

Upon tku principlej which I conemved in 1886, U 
based the ^nstruciion of an instrument by fVof, AmeU 

0/ ^cieftest February |8S8, p, ;btit' the 
fact made the suspension with fbur threads^ Wtead of 

tttfWs to prave that be has not formed a pradi^ Idea of 
wy orifiieel ptitocjplo; end that he has much less ^tdejted it 
neeeiait^ tb procure for himself the mathematical prmf of it. 
Some months before the publication of Mr, Ames’s work I took 


care to bring out prominenttyi on p, ad6 of the volume referred 
to, the error to which one Would expose oneself in this way. 

Of the ten writings by me in the volume, these are the works 
to which I attach some importance; and I take the liberty of 
directing to them the attention of your readers, in the hope of 
making known the beginnings of the success which U to be 
achieved through the action of tlie Italian Government. For 
the re^t, the history of iliis enterprise is set forth in the abstract 
of the sittings which forms the introdiiciion of the volume. 

Giulio Gkablovitz, 

Director of the Osservalorio Gr^tnamico 
di Casamicciola. 


Saxicava Borin ga and Valvea in a Boulder Clay^Brratic* 

WnE»i examining a few weeks ago the boulders in the w orkiiys 
of the New Ferry Brick and Tile Comi>any, Cheshire, with Mr. 
Harnett Harrisson, we discovered a boulder having superficittUy a 
scoriaccous appearance, which on examination proved to be 
of limestone, and perforated with Saxicava and Other borings. 
After careful washing several of the burrows were found to be 
occupied by the shells of the animal that hod made them, both 
valves complete. The washings that came out of the burrows 
after careful reduction by pouring off the clay water I found to 
consist of well-rounded grains of ouartz intermixed with a few 
microscopic drift pebbles and small shell fragments. Some of 
them were very much rounded and waterworn. Several broken 
spines of Echinus also occurred. 

The stone was taken from a heap picked out of the boulder clay 
previous to passing it through the machine. There is no doubt a» 
to its origin, as one side is strongly planed and striated in the 
direction of the longer axi.s. Tne extreme measurements are 
6i" X 44" X 23|"; weight, 3 lbs. 10 oz. The Saxicava burrows are 
placed BO as to give the idea that the stone had lain on the 
glaciated side when most of them were made, as they pjet nearly 
horizontal towards the glaciated bottom. The termination of 
one burrow, however, occurs on the planed face. There are also 
other wormdike bunows which occur on the glaciated face, and 
one of them has been cut longitudinally for a length of an indj 
by the plane of glaciation. 

It T now about eighteen years since I commenced a study of 
the glacial deposits of the north- west of England, but have 
never found a similar example with the burrows occupied, 
although the low -level boulder clay in which it occurs is almost 
universally more or less full of ahcll fragments. The liearing of 
the di«»covery on the origin of the low-level boulder clay is 
obvious. 

The history of the stone appears to have been this. It had iU 
origin in the Carboniferous limestone of the north ; it has theft 
been rounded into a boulder, has lain upon a shore, and become 
the seat of operations of moUuscan and oilier burro wers. After- 
wards it has been frozen into conit-ice, glaciated by attrition on a 
pebbly or rocky ijhore through tidal movement, has been again 
released from the ice grip, spent another tiixe on the shore resting 
on its glaciated face, during which period it became perforatea 
with the Saxicava burrows now occupied by the remains of the 
animal. While still on the shore, fragments of shells of other 
Mollusca got washed into the occupied and unoccupied perfora- 
tions, and finally it was again frozen into coast-ice, floated oflT, 
and dropped into the bed of the low-level boulder clay sea, 
where it remained undisturbed until the pick of the brickmaker 
disinterred it. The boulder clay in which it occurs is plasilc^ 
and. lontains comparatively few stones, and there are no sand 
seams to be seen in the present face, though I believe they 
occur at a greater depth below the bottom of the pit. 

The special interest of this example lies in the proof it aftorda 
of the marine origin of the low-level boulder clay of Chedkira 
and Lancashire. Some gectogists contend that this clay is the 
bottom of the Irish Sea ploughed up by land iqe, but the 
necessities of a theory that requires such on operation to have 
taken place in the past when there is an obvious and siixtole 
CTPpienatkm at band does not commend h to my ndud^ It is net 
even proved (hat aueh a ploughing up is possible yno examples era 
adduced ihete such a phenomemm u going on ; it does liht 
aiccount ibr the structure of the beds of low-level bowlder dvf ; 
and s^akSn^ ikom «gh(e«ft years of close tuvesUgatlon^ there is 
no necessi^ hautre of the case for resostwg to saOl| an. 

The IIP, I»ecad«d that of the tew^level Mrine 
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luottldkr cla^i and nomerous examples of striated rock surfaces 
otW phenomena occurring he\ow the low*level marine 
boulder day can be quoted in support thereof. 

T. Mfcu-A.RD Read!!. 

Park Corner, Blundel (sands, June 5. 


Teat of Divisibility by any Prime. 

In Nature of May 30 (p. 115), Mr Tucker has given the 
formula 

N = aiM -f io«"’(7Q) - 7Q'. 

In an exactly similar way we may show that— 

N = ilM -f |0"’'(iiQ) = iiQ', giving a multiplier i, ^ 

N = 9JM 4 - (13Q) I3Q\ ,, „ 9, 

N = stM + io"‘Wi7Q) = 171/, „ „ 5, 

&c., dte,, for any number ending in digits i, 3, 7, or 9.’ 

The general principle may be simply shown as follows : — 

We have 17 x 3 = 5*1, say. 

This tneans (i) that, if any number ends in unity, and is also 
of Form 17M* then all the figures to the left of unity will form a 
number of Form 17M -f 5. 

It also means (21 that, if we multiply the units tii^^iit by 5 (casting 
out the prime 17, if need be), we get the figures to the left ; e.g. 
*346 ends in 6, and is of Form 17M. Therefore, 234 is of 
Form 27M + 13 (since 17 x 8 = I3‘6) ; also, 6x5= 30, and 
30- 17 ” 13, The process can be repeated to any extent. 
Thw, since 234 = 17M + 13, subtract rj from 234, giving 
221 — lyMj. Since 221 ends in unity, therefore 22 is of Form 
17M + 1)1 and, subtracting 5 from 22, we have 17 = i7Mj. 
Hence the rule. 

From similar considerations I have deduced the following 
formul.'i, giving the periodicity of ^ where N is a prime : — 

If [[(«N + i)/i('}^ 4- N - i]/N = I (an integer), then / will 
be the periodicity of i/N. 

Here « means the unit's digit of N, or else the integral 
quotient of 9 divided by the unit's digit. 

Thus for all numbers ending in 9 the formula becomes 
[)(N 4 * 4 * N - i]/N, (2^ 4- 1 8)/ 1 9 gives the period- 

icity of 1/19, &c. 

The corresponding formulae for numbers ending in 7, 3, i, 
are, respectively, 

[{(7N + i)/io’/ 4- N - i]/N ; [lf3N 4 i)/ioy T N - i]/M ; 

1 [( 9 N 4 - i)/io}/' 4 - N - Ij/N\ 

Another useful deduction from the same principle is 

If p be the periodicity of the recurring fraction i/N (where N 
ends in I, 3, 7, or 9), then the test will give the true remainder 
of any 4 2 figures; What is the remainder of 98765 37 ? 

Since 37 x 3 «= in, our multiplier is ii. 

Theielore 9876 -11x5=: 9821, and 982 - ii x I - 971. 

AUo 97 - n X 1 = 86 5= 37M -h 12. Thus 12 is the 

remainder. 

I find tliat by this new process the remainder may be obtained | 
in aliout one-half of the time taken by the ordinary method of i 
division. Robt, W. D. Christie. j 

Wavertree Park College, Liverpool. 


QUARTZ FIBRES^ 


I N almost all investigations which the physicist carries 
out in the laboratory, he has to deal with and to 
measuTO with accuracy those subtle and to our senses 
inappreciable forces to which the so-called laws of Nature 
give tise. Whether he is observing by ari electrometer 
the behaviour of electricity at rest, or by a galvanometer 
the hetion of electricity in motion ; whether in the tube of 
Croedees he is investigating the power of radiant matter, 
or with the famous experiment of Cavendish he is finding 
thk mass of the earth-^-^in these and in a host of Other cases 
he i* boun 4 to measure with certainty and accuracy forces 
SO amaR that in no ordinary way could their existence be 


coa givtt, all fh# ttti{u 
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detected ; while disturbing causes which might seem to 
be of no particular consequence must be climmoted if his 
experiments are to have any value. It is not too much 
to say that the very existence of the physicist depends 
upon the power which he possesses of producing at will 
and by artificial means forces against which he balances 
those that he wishes to measure. 

I had better perhaps at once indicate in a general way 
the magnitude of the forces with which we. have to deal. 

The weight of a single grain is not to our senses appre- 
ciable, while the weight of a ton is suflficient to crush the 
life out of anyone in a moment. A ton is about 15,000,000 
grains. It is quite possible to measure with unfailing 
accuracy forces which bear the same relation to the 
weight of a grain that a grain bears to a ton. 

To show how the torsion of wires or threads is made 
use of in measuring forces, I have arranged what 1 can 
hardly dignify by the name of an experiment. It is simply 
a straw hung horiiontally by a piece of wire. Resting on 
the straw is a fragment of sheet-iron weighing ten grains. 
A magnet so weak that it cannot lift the iron yet is able 
to pull the straw round through an angle so great that 
the existence of the feeble attraction is evident to every 
one in the room. 

Now it is clear that if, instead of a straw moving over 
the table simply, we had here an arm in a glass case and 
a mirror to read the motion of the arm, it would be easy 
to observe a movement a hundred or a thousand times 
less than that just produced, and therefore to measure a 
force a hundred or a thousand times less than that exerted 
by this feeble magnet. 

Again, if instead of wire as thick as an ordinary pin 1 
had used the finest wire that can be obtained, it would 
have opposed the movement of the straw with a far less 
force. Jt is possible to obtain wire ten times finer 
than this stubborn material, but wire ten times finer is 
much more than ten times more easily twisted. It is ten 
thousand times more easily twisted. This is because 
the torsion varies as the fourth power of the diameter, so 
we say 10 x JO «» 100 ; loo X 100 == 10,000, 'Therefore 
with the finest wire, forces io,ooo limes feebler still could 
be observed. 

It is therefore evident how great is the advantage of 
reducing the size of a torsion wire. Even if it is only 
halved the torsion is reduced sixteen-fold. To give a 
better idea of the actual s.zes of such wires and fibres as 
are in use I shall shoA upon the screen a series of 
photographs taken by Mr. (“hapman, on each of which a 
scale of thousandths of an inch nas been printed. 

The first photograph (Fig. i) ordinary hair -a suffi- 
ciently familiar object, and one that is generally spoken of 
as if it w’ere rather fine. Much finer than this is the specimen 
of copper wire now on the screen (Fig. 2), which I recently 
obtained from Messrs. Nalder Brothers. It is only a little 
over one-thousandth of an inch in diameter. Ordinary 
spun glass, a most beautiful materia), is about one- 
thousandth of an inch in diameter, and this would appear 
to be an ideal torsion thread (Fig. 3). Owing to its fine- 
ness its torsion would be extremely small, and the more so 
because glass is more easily deformed than metals. Owing 
to its very great strength, it can carry heavier load* than 
would be expected of it. 1 iinagine many physlqists 
mast have turned to this material in their endeavow^ to 
find a really delicate torsion thread, I have so mrned " 
only to be disappointed. It has every good quality but 
one, and that is its imperfect elasticity. For instance, n 
hufig by a piece of spun glass is casting an image 
of a'tpot on the scale. If I turn the by 

means of' twice to the right, and then turn it back 

iHgaini tilA: does not come back to its aidant of 

rest^ about a point on one side, ^hlcn^ how^ 

ever, is changing, so that it is impossible to say what 

the pednt af rest really is. Further, if the glass is twisted 
one way first, and then the other way, the point of rest 
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moves in a manner which shows that it is not inRuenced 
by the last deflection alone ; the ^lass remembers what 
was done to it pre^ously. For this reason spun glass is 
quite unsuitable as a torsion thread ; it is impossible to 

® fi /o 

L— I — I 1 I 1 » » > I 

SciU« of loootha of an inch for Figs i to 7. The settle of Figs. 8 and 9 i*. 
mu<^ finer. 



Fig. Fic. z. 


say what the twist is at any time, and therefore what is 
the force developed. 

So great has the difficulty been in finding a fine torsion 
thread that the attempt has been given up, and in all the 
most exact instruments silk has been used. The natural 
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cocoonvfibres. as shown on the screen (Fig, 4), consist of 
two irregular lines gummed together, each ataiottt on* two- 
thousandth of an inch in duinieter. These fibres must be , 
separated from one another and washed. Then each 
component will, according to the experiment of Cray^ 
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carry nearly 60 grains before breaking, and can be safely 
loaded with 1 5 grains. Silk is therefore very strong, earth- 
ing at the rate of from 10 to 20 tons to the square inch. 
It is further valuable in that its torsion is far less than 
that of a fibre of the same si*e of metal or even of glass, 
if such could be produced. The torsion pf silk, though 
exceedingly small, is quite sufficient to upset tl’e working 
of any delicate instrument, because it is never constant. 
At one time the fibre twists one way, and another time in 
' another, and the evil effect can only be 'mitigated by using 
large apparatus in which strong forces are developed. 

1 Any attempt that may be made to increase the delicacy 
i of apparatus by reducing their dimensions is at once pre- 
I vented by the relatively great importance of the vagaries 
I of the-siJk suspension. 

I The result, then, is this. The smallness, the length 
j of period, and therefore delicacy, of the instruments at 
I the physicist’s disposal have until lately been simply 
j limited by the behaviour of silk. A more perfect sus- 
I pension means still more perfect instruments, and there- 
' fore advance in knowledge. 

j It was in this way that some improvements that I was 
making in an instrument for measuring radiant heat came 
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to a deadlock about two years ago, 1 would not use 
silk, and I could not find anything else that would do. 
Spun glass, even, was far too coarse for my purpose ; it 
was a thousand times too stiff. 

There is a material invented by Wollaston long ago, 
which, however, I did not try because it is so easily broken. 
It is platinum wire which has been drawn in silver, and 
! finally separated by the action of nitric acid. A specimen 
j about the size of a single line of silk is now on the screen, 

) showing the silver coating at one end (Fig. 5). 

: As nothing that I knew of could w obtmned that 

I would be of use to me, 1 was driven to the necessity of 
trying by experiment to find some new material. TTie 
result of these experiments was the development of a 
process of almost ridiculous simplicity which it may be 
of interest for me to show. 

The apparatus consists of a small cross-bow, and an 
arrow made of straw with a needle point To the tall of 
the arrow is attached a fine rod of ouartz which has been 
melted and drawn out in the oxyhyorogen jet. I have a 
piece of ihf same material in my hand, and now after 
ends and joining them togetheri an opira- j 
tloh vmeh produces a beautiful and dazding lights all It , 






luv« to do is to liberate the string of the bow by pulling the 
trigger with one foot, and then if all is well a hbre will have 
been drawn by the arrow, the existence of which can be 
made evident by fastening to it a piece of stamp -paper. 

in this way threads can be produced of great length, of 
almost any degree of hneness, of extraordinary uniformity, 
and of enormous strength. I do not believe, if any ex- 
perimentalist had been promised by a good fairy that be 
might have anything he desired, that he would have 
ventured to ask for any one thing with so many valuable 
properties as these fibres possess. 1 hope in the course 
of this evening to show that I am not exaggerating their 
merits. 

In the first place, let me say something about the degree 
of fineness to which they can be drawn. There is now 
projected upon the screen a quartz fibre one five-thousandth 
of an inch in diameter (Fig. 6). This is one which 1 had in 
constant use in an instrument loaded with about 30 grains. 
It has a section only one- sixth of that of a single line of 
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silk, and it is just as strong. Mot being organic, it is in 
no way affected by changes of moisture and temperature, 
and so it is free from the vagaries of silk which give so 
much trouble. The piece used in the instrument was 
about 16 inches long. Had it been neccssarj' to employ 
spun |lass, which hitherto was the finest torsion material, 
then, mstead of x6 inches, 1 should have required a niece 
xooo feet long, and an instrument as high as the Eiffel 
to^r to |mt it in. 

Tliere is no difficulty in obtaining pieces as fine as this 
yards Jong if required, or in spinning it very much finer* 
There it upon the screen a single line made by the small 
giirdcn'sf>ider, and the aiae of this is perfectly evident (Fig. 7). 
Ydii ndw »eea truant fibre far finer than this, or* rather, you 
$ee h difraction phenothenon,forno true image U formed at 
id} j bht even this is a conspicuous object in comparison 
Wilh fre tapering ends, whldh It is absolutely imppsifitde to 
a microscope. The next two pbotogrra^. taken 
hy Nl^sop, whose skill and resources are 


represent the extreme end of a tail of quartz, and though 
the scale is a great deal larger than that used in the other 
photographs, the end will be visible only to a few. Mr. 
kelson has photographed here what it is absolutely im- 
possible to see. what the size of these ends may be, I 
have no means of telling. Dr. Royston Piggott has esti- 
mated some of them at less than one-millionth of an inch,, 
but whatever they are they supply for the first time objects 
of extreme smallness the form of which is certainly known, 
and therefore 1 cannot help looking upon them as more 
satisfactory tests for the microscope than diatoms and 
other things of the real shape of wnich we know nothing 
whatever. 

Since figures as large as a million cannot be realized 
properly, it may be worth while to give an illustration of 
what is meant by a fibre onc-millionth of an inch in 
diameter. 

A piece of quartz an inch long and an inch in diameter 
would, if drawn out to this degree of fineness, be sufficient 
to go all the way round the world 658 times ; or a grain of 
sand just visible~that is, one-hundredth of an inch long 
and one-hundredth of an inch in diameter— would make 
1000 miles of such thread. Further, the pressure inside 
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such a thread due to a surface tension equal to that of 
water would be 60 atmospheres. 

Going back to such threads as can be used in instruments, 
I have made use of fibres one ten-thousandth of an inch 
in diameter, and in these the torsion is 10,000 times less 
than that of spun glass. 

As these fibres are made finer their strength increases in 
proportion to their size, and surpasses that of ordinary bar 
steel, reaching, to use the language of engineers, as high 
a figure as 80 tons to the inch. Fibres of ordinary sjie 
have a strength of 50 tons to the inch. 

While it is evident that these fibres give us the means 
of producing an exceedingly small torsion, and one that 
h not ftfreted by weather, it is not yet evident that they 
may not ^ow the same fatigue that makes spun glass 
uswS^ i have therefore a duplicate apparatus with a 
tore,, iixd Jfoa will see that the spot of light comes 
back to its WO plaoe on the screen after the mirrpr has 
been twisted round twice. 

1 shall now for a moment draw your attention to that 
peculiar property of melted quartz that makes threads 
such as I have been describing a possibility. A liquid 
cylinder, as Plateau has so beautifully shown, is an un- 
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form. It can no mbfe extdt than can a penci] stand 
OliiCs point. It immediately breaks up into a series of 
spkms. Thi$ is itfell illustrated in that very ancient 
experiment of shooting threads of resin electricaUy. 
Vmm the resin is hot, the liquid cylinders which arc 
projected in all directions break up into spheres, as you 
see now upon the screen. As the resin cools, they begin 
to develop tails ; and when it is cool enou;^, 
safiSciently viscous, the tails thicken and the beads become 
less* and at last uniform threads are the result. The 
senes of photographs show this well. 

*niere is a far more perfect illustration which we have 
only to go into the garden to 'find. There we may see in , 
abun^nce what is now upon the screen — the webs of those 
beautiful geometrical spiders. The radial threads arc 
smooth like the one you saw a few minutes ago, but the 
threads that go round and round are beaded. The spider 
draws these webs slowly, and at the same time pours upon 
them a liquid, and still further to obtain the effect of 
launching a liquid cylinder in space he, or rather she, 
pulls it out like the string of a bow, and lets it go with a 
jerk. The liquid cylinder cannot exist, and the result is 
what you now see upon the screen (Fig. 8). A more perfect 



Fu., 6. Fu,. fj. 


illustration of the regular breaking up of a liquid cylinder 
it would be impossible to find. The beads are, as Plateau 
showed they ought to be, alternately large and small, 
and their regularity is marvellous. Sometimes two still 
smaller beads are developed, as may be seen in the second 
photograph, thus completely agreeing with the results 
of Pialicau's investigations. 

I have heard it maintained that the spider goes round 
hiOr web and jSlaces these beads there afterwards. But 
aii^e a web with about 360,000 beads is completed in an 
hyOlMT^-that is, at the rate of about 100 a second-^this does 
not smp likely. That what 1 have said is true, is made 
more p«M!wblc*^by the photograph of a beaded 
1 have made myself by simply stroking a quarU dto with, 
a straw wetted with castor ol) (Fig. 9), It is i^ther liu^er 
than a spider line ; but 1 have 

Ibret quite indistinguishable from a rehl ^pldpt w€Sf 
and they have the further similarity that they a«« just ks 
good for catching dies, 

Now, going back to the melted quarts, it is evident that if 
ever became perfectly liquid it could not exist as a 6brs 
for aaiiutaat It is the extreme viscosity of quarts, at the 


heat even of an ekctricarc, thatmakesthese ibreapoesB^e. 
The only difference between quartz in the oxy hydrogen jet 
and quarte in the arc is that in the first you make tme^ 
and in the second are blown bubbles. I have in my band 
some microscopic bubbles of quartz showing all the per- 
fection of form and colour that we are familiar wish in 
the soap bubble. 

An invafoab^e property of quartz is its power of in^ 
sulating perfectly, even in an atmosphere saturated With 
water. The gold leaves now diverging were charged 
some time before the lecture, and hardly show any change, 
yet the insulator is a rod of quartz only three-quarters of 
an inch Jong, and the air is kept moist by a dish of water. 
The quirtz may even be dipped in the water and replaced 
with the water upon it without any difference in the 
i insulation being observed. 

Not only can fibres be made of extreme fineness, but 
they are wonderfully uniform in diameter. So uniform 
are they that they perfectly stand an optical test so severe 
that irregularities invisible in any microscope would 
immediately be made apparent. Everyone must have 
noticed when the sun is shining upon a border of 
flowers and shrubs how the lines which spiders use as 
railways to travel from place to place glisten with brilliant 
colours. These colours are only produced when the fibres 
are sufficiently fine. If you take one of these webs 
and examine it in the sunlight, you will find that the 
colours are variegated, and the effect consequently is one 
of great beauty, 

A quartz fibre of about the same size shows colours in 
the same way, but the lint is perfectly uniform on the 
fibre. If the colour of the fibre is examined with a prism, 

! the spectrum is found to consist of alternate bright and 
I dark bands. Upon the screen are photographs taken 
I by Mr. Briscoe, a student in the laboratory at South 
Kensington, of the spectra of some of these fibres at 
different angles of incidence. It will be seen that coarse 
fibres have more bands than fine, and that the number 
increases with the angle of incidence of the light. There 
are peculiarities in the march of the bands as the angle 
increases which I cannot describe now. 1 may only say 
that they appear to move not uniformly but in waves, 
presenting very much the appearance of a caterpillar 
walking. 

So uniform are the quarU fibres that the spectrum from 
end to end consists of parallel bands. Occasionally a 
, fibre is found which presents a slight irregularity here 
I and there, A spider hue is so irregular that these 
I bands are hardly observable ; but as the photograph 
I on the scieen shows, it is possible to trace them running 
up and down the spectrum when you know what to 
look for. 

To show that these longitudinal bands are due to the 
irregularities, 1 have drawn a taper piece of quartz by 
hand, in which the two edges make with one another an 
almost impcrce^itible angle, and the spectrum of this 
shows the gradual change of diameter by the very sfoep 
angle at whiqh the bands run up the speiptrum, 

I Into the theory of the development of these bands I 
I am unable to enter : that is a subject on which your Pro- 
fessor of Natural Philosophy is best able to speak. Pcrhlsps 
I may venture to express the hope, as the expcriuieatal 
investigation of this subject is now rendered possible* thkt 
he may be induced to carry out a research for which he 
is so eminently fitted. 

Though this is a subject which is altogether beyopd 
me, 1 have been able to use the reeult^ in a pra^^ 
tical way. Whm it is required to placf mto ai;^ 
strumeut a fibre of aoy particular aiee» sdi baa Ut 
be done is to hold the frame of fibres a tu%ht jM 

distant light, and look ^ tbetu through: a 
prism, bapded spectra are then yfsible^ aM' l| 
ft Ho pick out one wiim tbendnob^ 

bandiit has fohftd fo be given by a fibfo ot 
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deyirtd A coarse 6bre may have a dozen or more, 

white such fibres as 1 tind most useful have only two 
dftrk bands* Much finer ones exist, showing the colours 
o£ the first order with one dark band ; and hbtes so fine 
ai to correspond to the white or even the gray of Newton’s 
scale are easily produced. 

Passing now from the most scientific test of the 
uniformity of these fibres, I shall next refer to one more 
homely. It is simply this; the common garden spider^ 
except when very young, cannot climb up one of the 
same size as the web on which she displays such activity. 
She is perfectly helpless, and slips down with a run, After 
vainly tryivig to make any headway, she finally puts her 
hands (or feet) into her mouth, and then tries again, with 
no better success. I may mention that a male of the same 
species is able to run up one of these with the greatest 
ease, a feat which may perhaps save the lives of a few of 
these unprotected creatures when quartz fibres arc more 
common. 

It is possible to make any quantity of very fine quartz 
fibre without a bow and arrow at all, by simply drawing out 
a rod of quartz over and over again in a strong ox^yhydro- 
gen jet. Then, if a stand of any sort has been placed a 
few feet in front of the jet, it will be found covered with 
a maze of thread, of which the photograph on the screen 
represents a sample. This is hardly distinguishable from 
the web spun by this magnificent spider in corners of 
greenhouses and su^h places, liy regulating the jet and 
the manipulation, anything from one of these stranded 
cables to a single ultra-microscope line may be developed. 

And now that I have explained that these fibres have 
such valuable proj>erties, it will no doubt be expected that I 
should perform some feat with their aid which, up to the 
present time, has been considered impossible, and this I 
intend to do. 

Of all experiments the one which has most excited my 
admiration is the famous experiment of Cavendish, of 
which I have a full-size model before you. The object of 
this experiment is to weigh the earth by comparing 
directly the force with which it attracts things with that 
due to large masjcs of lead. As is shown by the model, 
any attraction which these large balls exert on the small 
ones will tend to deflect this 6-foot beam in one direction, 
and then if the balls are reversed in position the deflec- 
tion will be in the other direction. Now, when it is con- 
sidered how enormously greater the earth is than these 
balls, it will be evident that the attraction due to them 
must be in comparison excessively small. To make this 
evident the enormous apparatus you see had to be con- 
structed, and then, using a fine torsion wire, a perfectly 
cenatn but small effect was produced. The experiment, 
hoNvever, could only be successfully carried out in cellars 
and underground places, l>ecause changes of temperature 
produced effects greater than those due to gravity.^ 

Now I have in a hole in the wall an instalment no 
biMer than a galvanometer, of which a model is on the 
table. The balls of the Cavendish apparatus, weighing 
several hundredweight each, are replaced by balls weigh- 
pound onlv. The smaller balls of i| pound are 
repte^ by little weights of 15 grains each. The 
Moot beam is replaced by one that will swing round 
freely in a tube three-quarters of an inchin diameter. The 
beam is, Of <^ou^»e, suspended by a quartz fibre. With 
this microscopic apparatus, not only is the very feeble 
attraction observable, but I can actmlly obtain an effect 
eighteen rimes as greiit as that given by the apparatus of 
Cavendish^ and, what is more important, the accuracy df i 
k enomouSty increased, 
fhm a lamp pasaes through a telescope lens, 
onilitetmrtor of the instrutaent. It is reflected liteck 
to the table, and thence by a fixed mirror to the scale on the 
It Contes to a Ibeus* If thte ttilrror im the taiblc 
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were plane, the whole movement of the light would be only 
about 8 inches, but the mirror is convex, and this magni- 
fies the motion nearly eight times. At the present moment 
the attracting weights are in one extreme position, and 
the line of light is quiet. 1 will now move them to the 
other position, and you will see the result-^tbe light 
slowly begins to move, and slowly increases in movement. 
In forty seconds it will have acquired its highest velocity, 
and in forty more it will have stopped at 5 feet inches 
from the starting-point, after which it will slowly move 
back again, oscillating about its new position of rest. 

It is not possible at this hour to enter into any calcula-^ 
tions ; I will only say that the motion you have seen is the 
effect of a force of less than one ten-millionth of the 
weight of a grain, and that with this apparatus I 
can detect a force two thousand times smaller still. 
There would be no difficulty even in showing the attrac- 
tion between two Nb^ $ shot. 

And now, in conclusion, 1 would only say that if there is 
anything that is gorrd in the experiments to which I have 
this evening directed your attention, experiments con- 
ducted largely with sticks, and string, and straw and 
sealing-wax, 1 may perhaps be pardoned if I express my 
conviction that in these days we are too apt to depart from 
the simple ways of our fathers, and, instead of following 
them, to fall down and worship the brazen image whicli 
the instrument-maker hath set up. 

^ SC//OOL OF ORIENTAL S IV DIES, 

Imperial Institute has taken a most important 

^ step towards the organization of higher commercial 
education in London, by effecting an arrangement between 
University and Kin^s Colleges for the establishment of 
a new School for Oriental Studies. The close connection 
between the msrciintiie interests of this country and of 
India, Turkey, China, South Africa, and other lands, 
renders it very desirable that travellers and traders shoulil 
have full facilities for acquiring, not onl}' a knowledge of 
the languages of those countries, but also some actjuaini- 
ance with the habits and customs of the inhabitants. 
In France and Germany, we find that the wants of this 
class of students have been fully recognized by the State. 
The French School of Oriental Languages has been in 
existence over 100 years, and has recently been recon- 
structed at an annual expense, for maintenance alone, of 
£6cfoo; and in 18S7 a new school was opened in Berlin, 
as a special department of the University, which receives a 
subvention from the Gov^ernmcni of over £3000 a year. 
In England, the economy to the nation of adequately sup- 
porting institutions for higher education is not yet under- 
stood, and consequently private effort has to step in and 
I'elievc the Slate of a duty which in other countries 
is discharged in no niggard spirit. The new School of 
Oriental Studies promises to supply a distinct want. 
Instruction will be given inihe principal Indian languages, 
in Persian, Burmese, Malay, Arabic, Turkish, Russian, 
Modem Gi'eek, Chinese, Japanese, and Swaheli. The 
students will be taught not only to read and write, but 
also, as far as is possible, to speak those languages ; and 
to this end the Committee contemplate the appointment 
oSf native readers and teachers of conversation. It has 
already been arranged that some of the Professors will 
preface their courses of linguistic teaching by Icctufftt 
history, the physical and commercial goography* 
htmiht economic condition of the countries in whicli the 
various languages are spoken. It is hoped that by such 
means our and official classes may have the 

oppbrttmity ^ ac^inting themselves whh the life and 
thought of riife d'iffetent Eastern peoples with whom they 
may bebfowght into communication. 

The Imperial Institute is to be congratulate 1 va having 
succeeded in bringing into harmonious working the two 
LoJfkdon Colleges, to each of which has for many years 
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h6ea attac^hed a statT of eminent Professors of Oriental 
lansaagett The Indian School of University College, and 
the Oriental Section of King's College, have both done 
useful work ; but, Aiainly from want of proper organization, 
the classes of many of the Professors have been but poorly 
attended, and several important modern languages a know- 
ledge of which is now needed have not been included in 
the prospectus of either school. The Institute has effected 
an arrangement with the Colleges whereby the Indian 
and some allied tongues will continue to be taught in 
Gower Street, whilst the other languages will be taught at 
King's College, Strand. This is perhaps the first instance 
of such an arrangement between the two Colleges having 
been brought about, and Suggests the practical advantage 
of an extension of the system to other branches of 
learning. It is only by a proper organization of the 
higher instruction that London can secure the full advan- 
tages University education, and it may be hoped that 
as soon as a teaching University can be established in 
London, the two Colleges and the Medical and Science 
Schools will be found to co-operate with one another, so 
as to supplement, without unduly interfering with, each 
other's field of work. 

We should add that the new School of Oriental Studies, 
which will be opened in Cictober next, is under the 
general management of a special Committee, which com- 
prises among its members Sir Francis Bell, Sir Charles 
Wilson, Sir Thomas Wade, Sir Frederic Goldsmid, and 
representatives of the governing bodies and teaching 
staffs of the two Colleges. 


NOTES. 

This year the French As-JOciation for the Advancement of 
Science will hold its annual meeting in Paris. The session will 
last from August 8 to 14. A great number of members arc 
expected to attend the meeting, and it is hoped that many 
foreign men of science may also be present. 

This International Congress which met in Paris in 1887 to 
make arrangements for the preparation of a photographic chart 
of the heavens expressed a wish that a similar Congress might 
meet for the discussion of questions relating 10 celestial photo- 
graphy in general. M* Janssen and Mr. Common were asked to 
take such steps as might be necessary for the attainment of this 
object ; and afterwards, by a Ministerial decision at Paris, an 
organizing Committee, with M. Janssen ai President, was ap- 
pointed. The arrangements have now been completed, and the 
Congress will be held in Paris from August 22 to September 3. 
The aim of the Congress will be to determine the methods which 
are most suitable for each branch of celestial photography, and 
the means by which the results obtained by these methods can 
be most effectually published and preserved. 

The Botanical Society of France announces the following 
programme of the forthcoming Botanical Congress to be held in 
Paris t*-Tuesday, August 20 : opening sitting of the Congress at 
2 at the hotel of the Horticultural Society, 84 Rue de 
Grenelle ; reception of foreign members at 8.30 p.m, Wednes- 
day, August at - sitting at 9 a.m., devoted to the consideration 
of the first question, on the utility of an agreement between the 
dfUbrent Bo^anM Societies and Museums, for the purpose of 
drawing of the distnbution of species and genera of 

plants ou ; and other communications, If time dllowa. 
Thursda^rS^uist 32 ; excursiop in the neighbourhood qf f ittis. 
Friday* August 73 : sitting at 9 a.m., devoted to the com^deratlpn 
of the second question, on the characters furnished ^ anatomy 
for classification ; and other communications, if tlime allows^ In 
the aflemooa a visit to the botanical collections and laboratories 
of the Museum of Natural History, and of the other large 
scientific establishments in Paris. Saturday, August 24 : sitting 
at 9 t.m., misoetlaneoui contributions. In the afternoon a visit 
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to the Exhibition. Sunday, August 25 ; banquet to the foreign ’ 
botanists. During the following week several botanical ea« 
cursions will also be arrange<l. Special arrangeqients whh 
regard to railway fares will be mi^e in favour of botanists 
announcing their intention to be present to M. P. Maury, the 
Secretary to the Committee of Oiganizatlon, 84 Rue de Grenelle, 
before July 25. 

The following are subjects proposed for discussion at the 
International Zoological Congress, to be held In Paris (August 
5-10) : — Adoption of rules on the nomenclature of organisms, 
and of an international scientific language ; determination of 
regions the fauna of which calls for investigation ; methods of 
investigation and procedure in preparation and preservation of 
animaU ; the u^e of embryology in classification ; relations 
between living and fossil fauna. The Secretary's address is 
32 Rue de Luxembourg. 

At the International Congress on Hygiene and Demography, 
also to be held during the Paris Exhibition, there will be dis- 
cussed : — ^The administrative and medical regulations framed 
in different countries in the interests of health and of infantile 
life; removal and utilization of solid detritus in cities and the 
country ; regulation and distribution of temperature in the 
dwelling ; action of the soil on germs of disease ; protec- 
tion of watercourses and of ground water from pollution by 
factory refuse ; sanitation of ports ; accidents through food-stuffs 
of animal origin containing poisonous alkaloids ; statistics of the 
causes of death in cities. 

Some valuable reports were distributed among the members 
of the International Agricultural Congress, which finished its 
labours at Paris the other day. One qf them relates to agri- 
cultural education. This report is signed by a dozen authors, 
among whom are MM. Tisserand, Prillcux, and Jamieson, the 
latter an Englishman. 

The sixty-second meeting of German Naturalists and Physi- 
cians will be held at Heidelberg from September 17 to 23. One 
whole day will be devoted to excursions in the neighbourhood, 
and on the evening of September 23 the Castle of Heidelberg 
will be brilliantly illuminated. 

At a meeting of the Council of Dundee University College, 
held on the 3rd instant, Mr. J. Martin White announced that he 
had been authorized by Mr. John Bett, merchant, Rohallion, to 
offer a third of the amount required to found and establish a 
Chair of Physiology in connection with the Medical School 
of the College, provided the remaining two-thirds of the 
amount required be raised. It was mentioned that, to provide 
a fund adequate for the endowment of the Chair and the furnish- 
ing of suitable buildings and equipment, a sum of about 
would be necessary. The foundation of this Chair would enable 
the College to complete the first two yeari of a medical 
curriculum. 

A aacuLAR from Harvard College Observatory, dated June afi, 
states that the sum of fifty thousand dollars has been received by 
that Observatory from Miss C. W. Bruce, of New York, to be 
applied ** to the construction of a photographic telescope having 
an objective of about 24 inches aperture with a focal length of < 
about X X feet J . . . also to secure its use under favourable 4i- 
malic conditions In such a way as will best advance aitrononxfoal 
science." 

A STATUE of Paul Beet was unveiled at Auxent oh Bunday 
last. The ceremony was attended by the Annamite ^ 

and "M. SpuUer tepretented the French Government. " ''fl 

Dk. E. HEtKAtCHBR has been appointed ProlSnior of Botany ' 
and I)irector of the Botanical Gard^ at InnsbrUck j and Pf* 
Amb£oiin» Piofessor df Botany at Leipzig. 
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Thy nutnber of working botunirts in Portugal is so small Chat 
it Is whh gr^ac satisfaction we are able to announce the appoint- 
ment of Be. G. von Lagerheim of Stockholm, recently of Freiburg- 
^ asiUtant in the botanical laboratory of the Polytechnic 
School at Lisbon, 

It is stated that the Imperial Museum of Vienna has accepted 
the eccentric conditions of the bequest of the late Prof. H. G. 
Reichenbach, of Hamburg, accoiding to which his extensive col* 
lection of dried orchids and drawings of orchids shall be placed 
in sealed packets in the Museum, and shall not be exhibited or | 
in any way used within twenty-five years of his death. ' 

The BuUetin for July consists of an excellent guide to 
the botanical literature of the British Empire. The primary 
object of the compilation is to supply useful information on the 
literature of the systematic, economic, and geographical botany 
of British Possessions, Dependencies, and Protectorates. The 
compiler explains that Kew is often called upon to answer ques. 
tions, on the shortest notice, concerning the vegetation of some 
remote part of the world, and the best books to consult on the 
subject. Such questions are not always easily answered, and 
they frequently entail a considerable expenditure of time. The 
intention is that the present guide shall supply what is wanted, 
and everyone who may have occasion to use it will find that it 
is admirably adapted to its purpose. 

Mr. Thomas Scott, of the Scientific Department of the 
Scottish Fishery Board, on June 27, in the Moray Firth, suc- 
cessfully fertilized the ova of the lemon sole {Pleufonectcs micro- 
cephaius) with the milt of the turbot [Phomfms maximus). 
Development proceeded rapidly for three days and a half, when 
the ova were killed by dust getting into the water, and they 
sank. At this period the embryo was well formed, development 
was going on quickly, and hatching would probably have occurred 
on the seventh or eighth day. * 

Last week, the Rev. W. S. Green, Mr. W. de Vismes Kane, 
and other zoologists, had a successful trawling expedition in the 
Atlantic, off the Irish coast. They started from (Queenstown, 
in the Plying Pox, on Monday, July i, and returned on Sunday. 
All the captures were divided and subdivided into different 
classes, carefully preserved in spirits, and packed in the coses 
which were used in the ChalUngcr Expedition ; and they have 
been forwarded to the Natural History Department of the Briiuih 
Museum, for whose benefit the expedition was oi^anized. 

Miss Maria Mitch well known as a writer on astro- 
nomy, died recently in New York. She was the daughter of 
William Mitcbell, astronomer, and was born in Nantucket, 
Massachusetts, on August i, 1818. In 1847 she made the dis- 
covery of a comet, for which she received a gold medal from 
the King of Denmark, and other distinctions. During a visit 
to Europe, tn 1858, she was the guest of Sir John Herschel 
and Sir George B* Airy, and afterwards she visited Leverrier in 
Parjs and Humboldt in Berlin. In 1865 she was called to the 
Frofesaorahip of Astronomy at Vaasar College, which, with the 
post of Director of the Observatory, she retained until January 
1888, when she secured a long leave of absence, , The degree of 
LL.Dp was conferred upon Miss Mitchell by Hanover College in 
1852, and by Columbia College in 1887. She was a member of 
various scientific Societies, and was the drst woman elected to 
tlio American Academy of Arts and Sciences. She contributed 
numerous articles to scientific journals. 

This heat in Russia and oH|er parts of Northern Europe has 
tMen Intense of late. The Central Observatory at St. Pe:ersburg 
has not recorded such a high temperature at the fame time of the 
Sinee *774. 


A SHOCK of earthquake occurred at Guernsey on Monday 
afternoon, about a. 30, It was not quite so violent as that ex- 
perienced on May 30. The weather during the whole of the 
morning was extremely sultry. 

On the evening of January 31 last, about 9 o’clock, the self- 
recording barometer at the Deutsche Seewarte showed a sudden 
dip of about 0*04 inch, with a corresponding jump upwards a few 
minutes afterwards ; and in the course of a day or two it was 
found that the barographs at other stations exhibited a similar 
phenomenon. Although the disturbance cannot be cunipared in 
any way to the air-wave caused by the Krakatib eruption, yet 
the rapidity of its translation proved it to be a noteworthy 
meteorological phenomenon, and its behaviour over Central 
Europe is discussed in an article contributed to the Annahn dcr 
Hyilrogi\tphit und maritimen MetcorotogU for June, by Dr. E. 
Herrmann, of the Deutsche Seewarte. The disturbance is traced 
from Keitum (lat. 54“ 54'), where it occurred at 7h. SOm, p.m., 
Berlin time, on January 31, to Pola (lat. 49'’ 42'), which it 
reached at 4h. 38m. a.m. on February i, having travelled at the 
rate of about 71 miles per hour. In an easterly and westerly 
direction the disturbance seems to have been confined to narrow 
limits. The barometer was high over Southern Europe (30'S 
in.), with minima (28*7 in.) over Northern Finland, and be- 
tween Iceland and Norway. There was no earthquake in Europe 
at the lime, and the cause of the phenomenon remains at present 
unexplained. 

P^KK CH RV^ALIER, S.J., Director of the Sikawei Meteoro- 
logical Observatory, near Shanghai, has issued his monthly 
Bulletin for August last. It is an unusually interesting number, 
as it contains a full study, with diagrams, of the two typhoons 
which were felt nt Shanghai and in the south of China, These 
elaborate studies of the typhoons of the China seas are invalu- 
able, especially when supplemented by the labours of Dr, 
Doberck, of Hong Kong; of the Japan Observatory ; and of that 
of Manilla, in the Philippine Islands. Pere Chevalier has a 
number of charts showing the tracks of the storms. 

The Committee of the General Board of Studies of the Vic- 
toria University of Manchester have issued their report on local 
lectures during the past three sessions 1886-87 to 1888 89. 
Twenty courses of local lectures have been delivcied, and the 
Committee state that they have every reason to be satisfied with 
the results obtained so far. The subjects selected have been 
very varied, ranging over many branches of literature and 
science. The local Committees have been of very different con- 
stitution, including Committees specially formed for the purpose 
of the lectures, Literary and Philosophical Societies, mechanics* 
institutes, and educational institutions of various grades ; and 
the audiences, wnilc mainly drawn from the middle classes, have 
in some cases consisted entirely of working men. The attend- 
ance at the lectures has been well maintained, averaging for all 
courses about 130. 

In the forty third Annual Report of the Commissioners in 
Lunacy, just issued, it is stated that there were, on New Year’s 
Day, ^,340 insane persons under restraint. Of these, 7970 were 
of the private class, 75,632 were paupers, and 738 were criminals. 
The Comm isaioners believe that during recent years medical men 
have become increasingly unwilling to certify to the insanity of 
persona requiring treatment, in consequence of tite results of 
recent litigation connected with this part of their duties. The 
causes of insanity are set forth in a table covering 136,478 cases. 
These ate very diverse. Thus 5569 persons lost their reason 
from domestic trouble, 8060 from adverse ctcumstaimea, 8278 
from over>work and worry, 3769 from religious excitement, and 
18,290 frottt intemperance. The influence of heredity was 
ascertained in 28,063 cases, and congenital defect in 58S1. 
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A Bill bat b^en introduced into the House of Commons 
which would* if it became law, prove a great boon to young 
people in the rural districts. The object is to provide inetruc* 
tioa in agricultural 'Ind horticultural subjects in public ele- : 
mentary schools, and to aiford practical illustration in such i 
teaching. The Industrial Agricultural Education Bill, as it is : 
called, would not only secure for children in rural districts prac- 
tical instruction on such subjects as fruit, flowers, and vegetable 
growing, the proi>er method of keeping cattle, rotation of crops, ■ 
packing fruit for market, and other matters of equal importance t | 
it proposes, further, that the instruction in these branclies shall i 
be carried on after the children leave school. To effect this it 
is’ proposed to establish schools at which lessons would be given 
in the evenings, and on Saturday afternoons. To induce parents 
to keep their children at school for a longer period, or to send 
them to the new schools, the promoters of the measure advocate 
the piovision of a small number of scholarships of the value of 
thirty shillings per annum, and tenable for two years, for 
children who have passed the fourth standard. They foresee, 
also, that the ordinary appliance? of elementary schools will not 
be sufficient to secure comprehensive instruction in practical 
agriculture, and they are bold enough to hope that a special 
grant will be made by the Education Oflice or the Science 
and Art Departmert for the cx|>enses of svich allotments, school 
Shells, and buildings as may bo necessary to make the 
teaching thoroughly practical. The Bill is backed by Mr. 
George Dixon, Mr, Henry Fowler, Sir John Lubbock, Mr. 
Jesse Collings, Sir Bernhard Samuelson, Mr. Howell, Sir John 
Kennauay, Mr. Robert Reid, and Major Rasch. 

Messrs, Tkujlnkii and Co. will publish, probably in October, 
“An Account; of the Aborijgine? of Tasmania, their Manners. 
Customs, Wars, Hunting, Food, Morals, Language, Ori;iin, and 
C^eral Characteristics,'* by Henry Ling Koih, assisted by E. 
Marion Butler. The work will contain a chapter on the osteo- 
logy, by Dr. J. Ct. Garson, and a preface will be contributed 
by Dr. E. B. Tylor. Numerous autotype pUtc*, from original 
drawings made by Edith May Roib, will illustrate the text. The 
edition will be strictly limited to subscribers. 

The Delegates of the Clarendon Press \s ill shortly issue Mr. 
Oliver ApHn's “Birds of Oxfordshire”; the second volume 
(treating of eleOtro-dynaniics) of Messrs. Wat.son and Burbury’s 
“ Mathematical Theory of Electricity and Magnetism ” ; and a 
new edition of the fourth volume (on the dynamics of material 
systems) of Prof. Bartholomew Price’s “Treatise on Infinite^ 
simal Calculus.” 

In the new number of the Ankiv fur EthnO‘ 

grafhu (Band ii., Heft 3) Mr. Felix Driessen gives an interest- 
ing account, in English, of tie and dye wr»rk, manufactured at 
Setnarang, Java. The article is accompanied by a plate re; re- 
aenting the manufacture in all its different stages, Mr. R. 
Parkinson continues his excellent note?, in OeriHAn, on the 
ethnology of the Gilbert Islanders. The valuable German 
paper, by Dr. F. von Litschan, on a Turkbh “ Schaltenspiel,” 
is also Continued. The number, like its predecessors, has many 
notes on ethnographical museums, collections, and bxiks. 

The OepMtmeni of Mines, Sydney, has issued the first 
tmanber ol. Wlmt promises to be a valuable publloatlpn— 
Records ofNc^ South It opens 

with “ Notes rm the Geology of Barrier Kangeo DiStr^ and 
Mount Browne and Tibooburra Gold Fields," by MyvC. $. 
Wilkinson. Messrs. T. W. K, David and R. Etb^Mge, Jtin., 
contribute an interesting report on the discovery ^ human 
remants in the sand and pumice bed at Long Bay, near Botany. 
There arc other papers by the ^ame writers, and by Mr. W. 
Anderson, Mr. J. C, H. Mingaye, and Mr. H. W. ToweB* 


Messrs. GEORits PhjLip and Son have issued the third 
vokirre of the well-knoTAn series, “Rustic Walking Tottri in 
the Xxmdon VicinUy.” It deals with the wrest-¥o>loihh district,, 
and contains a field- path map, a geographical description, forty- 
five charts, with ample and plain directions, and an index, 

A LITTLE book called " Walks in Holland,” edited by Mr. 
Percy I.indley, has just been issued. It presents ctmciaely 
much information that may be of service to tourists. 

T(fE other day the plough of a peasant In the island 'Of 
Gothland unearthed a valuable treasure, consisting of two large 
spiral armlets, a buckle, and a long bar used in payment, all of 
solid silver, together with nearly 400 silver coins. Some of the 
coins were Anglo-Saxon, and bore the effigy of King Ethelred. 
The others were German andCufic coins. The “ find ” has been 
purchas-ed by the State. 

The lichness of the cod fisheries this spring on the coast of 
Finmatken has clearly shown that these fisheries are not in the 
least affected by whales. The Government has voted a sum of 
^^850 towards the co-t of a Commission for dealing with the 
much- needed protection of the whale. 

The preservation of the cider in Sweden is to be extended from 
April 24 to May 31. Through strict protection these valuable 
birds have increased greatly in recent years along the Baltic and 
the Cattegat. 

Dr. Schweini-urtii has presented a valuable collection of 
plants from Yemen to the Christiania Museum. 

The late Mr. Wilson, of Gothenburg, has left a legacy of 
;f55O0 to that dty for the promotion of science, art, and 
education. He baa also left his valuable collections to the 
Gothenburg Museum. A few years ago Mr. Wilson endowed 
this institution with a similar sum. 

The Finnish naturalist, Dr. J. Kinvincn, has set out on a 
voyage of scientific research to Nova Zembla and adjacent 
parts. 

A NEW series of double oxalates of the rare metal rhodium 
and the metals of the alkalies or alkaline earths are described by 
M. I^idiii in the July number of Jhe Annnies dc Chimie et de 
Physique. The hydrate of rhodium sesquioxide, Rh5{OH)», a 
substance having the peculiar appearance of a black jelly, and 
which is but slightly attacked by moat acids, dissolves readily, 
when recently precipitated, in a concentrated solutfon of oxalic 
acid. On evaporation of this solution, Containing presuiiaably 
rhodiimi oxalate, no crystalline oxalate is obtained, but only a 
non-crystallizable transparent mass. If, however, this solution 
is evaporated along with a solution of neutral oxalate of potassium, 
sodium, or ammonium, on cooling boautifUl gamet*red crystals 
of a double oxalate are deposii:e<l, cotjtahiing one molecute of the 
oxalate of rhodium sesquioxide and three molecules of the alka- 
line oxalate. The potassium salt, Rhj^CjO^lj . 
separates frertn solution in red trlclinic prisms, very sokibk in 
water. The largest cryslah ate obtained from a petl^lly heuttUl 
solution, and may be most readily prepared by saturatlmg a hill- 
ing solution of acid potassium ox^te with recently pvw'pitated 
hydrate of rhodium sesquioxide. It is an evidence of the 
strength of the combination that the solution gives none of the 
cbaracterixtie tests for rhodium, not being pmoipttoAed either liy 
potash or soda, and only pfortially by oalphuintted hydrd|eti., 
The ammonium compound Rhj(C904)j. 3C|^NH4)a04 . 9H#0 i» 
Uohtorphotis ^Ih the potasrium salt, and Crystallim in 
red prisms. It is soluble in lu own weight of worm water* ^ 
the other hand, the sodium salt cryi^TlUes vtrHh litHgO, in 
prisms wlrich are very efiHorescent. The salts' ' ^ 
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eftrtbx metali are mncb less soluble, and are gfeuerally 
otitUitted as ctystaUine precipitates by decomposition of the 
potassium salt by the chloride of the metal which it is desired to 
introduce. It is mtereatmg that these salts are perfectly 
aiudogous to the double oxalates of ferric iron and chromium, 
F«,(C|04)a. 3C#(KH4)304. fjr instance; but the two scries are 
not isomorphous owing to tlio difference in water of crystalliza- 
tion. Evidence of similarity between iron and rhodium is of 
course shown by the fact Jhat their most stable chlorides are tho<(e 
derived from the sesquloxides — namely , Fe^Cle and Rh^Cl^ ; but 
the formation of these double oxalates shows that the connection 
is perhaps closer than has hitherto been supposed. And the 
interest in this connection is by no means lessened by the fact 
that iron and rhodium occupy corresponding positions in the 
eighth vertical group of Prof. Mendei6e£r8 periodic dassiheation. 

The additions to the Zoological Society’s Gardens during the 
past week include two Indian Jerboas {Alactaya in-dicai) from 
India, presented by Mr. Cutbbert Johnson ; a Bonnet Moukey 
{Mafocus sitiictis 9 , white variety) from India, presented by 
the Waterhury Watch (Sales) Company, Limited ; a Lesser 
WhUc‘Uosed Monkey {CeicopitkuHi petaurista 9 ) from West 
Africa, presentetj by Captain Stewart Stephens ; i. Brown Bear 
{Ursus arctos 9 ), European, presented by Mr. John Foster 
Spence ; a Polar Bear {Vrsus marifimtts 9 ) from Spitzbergen, 
presented by Mr. Arnold Pike ; a Python (wp. inc ), presented by 
Mrs, Bertha M. L. Bonser ; a Hybrid Wild Swine (between Sus 
urofa and dont€sticu$ 9 ) from Spain, presente<l by Mr. 
Kal))h Banks K*Z.S. ; a Brush-tailed Kangaroo (/V/n>^n7 A’ //»;//- 
cillaia 6 ) from New South Wales, presented by Sir Edmund A. 
II, Lechmere ; five Violaceous Night Herons VW' 

/aceus) from St. Kitt’s, W.I., presented by Dr, A. P. B:>on, 
C.M.Z.S. j twelve Aldrovandi’s Skink% auratut) from 

North Africa, two Barnard^s Parmkeets (/Vtz/>wr«j 
from South Australia, purchased ; a Laughing Kingfisher 
{Daeelo gi^antea) from Australia, deposited ; two Wonga Wonga 
Pigeons {Leucosania picatd) from New South Wales, and ? Red- 
winged Farrakeet {Aprosmidus erythrop/^rus) from Australia, 
received in exchange ; an African Wild Ass ta;nhpus 9 ), 

and a Collared Fruit Bat {Cynonyderii coHarii) born in the 
Gardens. 


OUR ASTRONOMICAL COLUMN 

The LATE Prof. CACCiATOBE.-^Prof. G. Cacciatorc, whose 
death we have briefly recorded (p. ao8), bad been associated 
with the Royal 01 «ervatory of Palermo, during nearly the whole 
of his life. He was born at Palermo on March 17, 1814, fits 
father being the well-known Prof. Nicolo Cacciatorc, assistant 
at one time to Piazzi, and later his successor in the directorship 
of the Observatory Gaetano Cacciatorc, on the death of his 
father in 1841, was appointed Director of the Observatory and 
Profhssor of Astr.momy in the University of Palermo, and be 
held th^se positions until 1^9, wbeui having taken a very 
protnipaut part in the revolmion of the previous year, he was 
09i«jp«|le4 to leave Palermo by the return to power of the 
Bourbpns. In liowcA'er, Garibaldi recalled him to his 
fo^er position. H© spared no pain# to morease the power and 
of the Ol>«ervatory, and g:reatly Socreosed its e^uip- 
meiU* It 1^05 nnder hU direction that the scope of the iostku- 
tU»n was enlarged, so that in 1880 it was rootgonized in three 
aeetiottt-^onp of Geometrical Astronomy ; one of Physical 
Ajiti^Chomy, in the m;>durn aenae of the word ; acd the third of 
WiStcopoIcgy. 

Comet 1889 ^ (Swtrr),-^ new comet was discovered on 
Lowi# Swift, of the Warner Oh- 
Kocihester, Kew Fork. The comat^s phioe wa# as 

- » ,E»h. 5am. 30s. Daily Motion, - am. 


C'>MET 1889 ^ (Barnard, March 31). — This object may 
soon again be observed in the early morning. The following 
elements and ephemeris arc by Prof. Millosevich, from observa- 
tions ma^e at the Lick Observatory on March 31, April 15 and 
29 {Adt\ NacA, No. 2907) : — 

T - 1889 June 10*63608 Berlin M.T. 

■■ = 1^6 38 20 8 ) 

A =a 310 40 19*3 > Mean Eq. 1889*0. 

1 = 163 49 47 ’o ) 
log ,/ = 0-333613 

Error of middle place O — C). 

AK ~ AJ 3 = + 5" -4. 

Ephemn is for Berlin Midnight. 
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Bed. 
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. 10 59*0 N. .. 

.. 0-3618 .. 

,. o' 47 o 6 ,, 

. 0-83 

23 

• 5 

7 I ‘ 

.. 10 34*4 

0-3635 

.. 0 4624 

.. 0'8j 

27 .. 

. 5 

5 S 3 ' 

.. 10 7*7 . 

- 0-3654 ■ 

0*4534 . 

.. 0-88 

3 * 

• 5 

4 26 . 

.. 9 387 N.. 

.. 0-3675 ■ 

.. 0-4436 ... 0-91 


The brightness at discovery is taken as unity. 


Comet 18S9 c (Barnard, June 23) — The following ele- 
ments for this comet arc by Dr. H. Kreulz, from observations at 
Lick on June 23, at Strasbur^ June 25, and at Munich June 26 ; 
the ephemeris is by Prof. A. Krueger : — 

T ~ 1889 July 2*8884 Berlin M.T. 



=278 67: Mean Eq. 1889*0. 
i = 32 50*2 ) 
log y 0*09248 


Ephemeris for Berlin Midnii^ht. 
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The brightness at discovery is taken as unity. 

Comet 18S8 r^(IURNAki), SRrriMBivR 2) —The followiog 
ephemeris is in coni in nation of that given in Na'I uke for May 
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23 
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.. 2 0 


The brightness at discovery is taken as unity. 


Mr. Barnard, observing this comet on June 3, at 3 a.m., noticed 
that it showed only one tail and that {\\\s ftlloiv'd the comst, 
and therefore pointed almo4t directly towarls the sun. The 
tail was ahout a degree in length, and some 2' or 3' in 
breadth ; poMtion-angle, 9^^ Tnc head of the comet was 
roundish, with an almost stellar nucleus in an exten|ed 
condensation, this latter having n position-angle of about I35^ 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 J(U.y 14 30 . 

a ^pOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, covtnting the hours on to 24, 


is here employed.) 
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MiuaU tbM the ritin# i« that of th« pwowlitta erming and lha 
ittbig t\0A of tb« following mornins. 
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Sim riMSf 4b » 2m. ; lonth&f lah. 5m. 36*05. ; daily inmase 
ofsotithing, 6*45, ; leUf aoh, lom. : right asc. on meridian, 
7h. 35*8m. ; dec). 21” 38' K. Sidereal Time at Sunaet, 
ifh. 42m. 

Moon (at Last Quarter on July 19, 2oh.) rises, 2ih. 4m.* ; 
souths, ih. 17m, ; sets, 5h. 36m,: right asc. on meridian, 
aoh. 45*2m. ; decl, 20* 28' S. 
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48 ... 42 N. . 
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GEOGRAPHICAL NOTES, 

The paper read at the meeting of the Royal Geographical 
Society on Monday night, by Mr. Basil M. I'homson, was one 
of unusual scientific interest. It described a visit made by Mr. 
Thomson last autumn, along with the New Guinea Commis- 
sioner, to the Louisiade and D'Entrecasteaux Islands, both 
within the British sphere. Mr. Thomf.on’s observations on the 
natives, on the geology and natural history of these islands, are 
of special value. The 6rat island described is that of Sudest, 
the largest of the Louisiades. It is forty-Hve miles long and 
four to ten wide. It is of a slaty formation, with veins of crys- 
talline (juarts running tlirough it in all directions. The eastern 

f >ortion is mountainous, the highest point, Mount Rattlesnake, be* 
ng about 3000 feet high, The highest parts are densely limbered, 
but the low hills near the sea are covered with grass, whose 
bright green offers a welcome contrast to the sombre tropical 
forest. Rossel Island is surrounded by a distant barrier reef of 
irregular form. The natives arc dangerous head-hunters, who, 
however, kept out of the way of the visitors. With some 
difficulty the densely-timbered island was crossed, and proved a 
rich held for the botanist. Even at an elevation of 3000 feet a 
network of native paths was found. At the v illage, the inhabitants 
of which had Bed, the party stayed the night, The village was 
scrupulously clean and the paths well kept. The houses were 
shaped like an inverted boat, built on a platform some 5 feet from 
the ground ; the interior was reached through two trap-doors in 
the floor. The natives of Kossel suggest a hybrid between the 
Papuans and the natives of the Solomon Islands. The stone axe 
has fallen into disuse, its place being taken by blades of iron 
procured from wrecks. The language bears no resemblance to 
any known New Guinea dialect nor to the languages of 
Eastern Polynesia. St. Aignan Island, called by the natives 
Misima, is more than too square miles in area, being about 
twenty -eight miles long, and varying in breadth from about 
eight or nine miles on the east end. The west end consist.? of 
a great mountain range named Lakia, about 3500 feet above 
the sea, composed of schi-tose slate. The eastern part of the 
island consists of very rugged hills, through which the streams 
have cut very deep and narrow gorges. They are composed of 
coral upheaved by volcanic action, and mixed with conglomerate 
formed from shingle, and with broken layers of schistose slate. 
Round the eastern coast there is a fringe of coral, upheaved 
more reoently^ rising to a height of more than 100 feet, through 
which the torrents have cut their way right down to 

sea-level. ' Tlie natives are of two types, the one ev^enOy 
Papuan, and the other betraying strong Malay characteristics, 
such as the straight hair and not prominent features. The 
limestone hills which compose the centre of the island were 
honeycambed with caves and densely timbered From one 
great wall of limestone sprang a stream which, after 200 
yards of daylight, plunged into a great cave in the troposite 
cliff. The mouth was a pwfect arch, 150 feet from fl^r to 
roof At the far end the river thundered down into a black 


tunnel, through which it parsed under the range, emerging 
into daylight after some three miles of darkness. Normantw 
Island, the most easterly of the D’Entrecasteaux Group, is 
a narrow L-shaped mountain range, with deeply furrowed 
sides and wide valleys excavated by water- wear. It is probably 
nowhere of greater breadth than ten or twelve miles, and 
the area about 350 square miles. The highest parts of the 
island are perhaps 3500 feet above the sea-level. The south- 
eastern portion is composed of schistose slate varying much in 
hardness, interlaid with veins of white crystalline quartz, which 
is free from any compound of iron or other metal. Traces of 
gold were found in the creeks. Toward the north end of the 
island the formation is igneous, consisting mainly of limestone, 
but in some of the river-beds are large beds of basalt and 
boulders of siliceous stone. The mountains of Dawson Straits, 
however, differ much in formation from the rest of the island. 
The jDck appeared to be a sort of porphyry, and furnished 
indications of tin. The natives have strong Papuan character- 
istics. They wear the usual dress. Mr. Thomson penetrated 
some miles inland, passing through no less than thirty-one 
villages, and seeing many others perched on every available- 
spur or ridge, and surrounded by its plantations. These 
villages were remarkable for their cleanliness. The cultiva- 
tion is wonderful, and bears witness of their activity and 
industry. Normanby Island is the eastern limit of the wallaby, 
of which were found two varieties. It is also the eastern 
limit of a bird jKiculiar to the D’Entrecasteaux Group — the 
largest of the five species of Manucodia, which are still classed 
with the birds of Paradise. It feeds on insects, and though the 
strait which divides Normanby Island from the mainland is only 
ten miles wide, this bird, which is the commonest of all large birds 
in the D'Entrecasteaux Group, has never crossed to New Guinea. 
War and the difference of dialect have so completely isolated 
the various tribes as to make them different peoples os regards 
everything but their physical characteristics. At a spot not ten 
miles from a tribe that would barter all they possessed f(>^' 
tobacco and pipes, were people so ignorant of tneir use that 
they put the tobacco into a bottle given them, poured water 
upon it, and drank off the comj^und. Ferguson Island, the 
largest of the D’Entrecasteaux Group, is thirty miles lo^ by 
seventeen broad, with an area of about 500 square miles. Tlicre 
are three great mountain masses on the island : Mount Kilker- 
ran, on the north-east corner, 6000 feet high ; the Maybole 
Range, on the north-west, which is probably 5000 feet above sea- 
level ; and a lower range in the south-west corner, which Is 
apparently unnamed, and which Mr. Thomson ^as unable to 
examine. The formation of the Kilkerran and Maybole Ranges 
is the same, consisting principally of micaceous schist with veins > 
of white quartz intersecting it. In the beds of the rivers were 
boulders of quartz, and of a slaty rock very rich in silica, and 
there were boulders of what seemed to be a kind of porphyry. 
The south-eastern part of Ferguson and the small outlying 
islands, Goulvain and Welle Islands, are of igneous formation, 
and Mr. Thomson noticed two extinct volcanoes and some hot 
springs. This part is densely populated, owing probably to the 
fertility of the extensive flats of volcanic deposit The 
were in most respects similar to those in Normanby Island. Tac 
inland or bush natives have evidently no communication with 
those on the coast, except as enemies i they knew nothing of 
firearms. They are true Papuans. At Mount Kilkerran, near 
Hughes Bay, it was notioed that the sides of the mountain* 
consisting of great precipices and steep tneUnes, were dotted 
with villages up to a height of 10,000 feet, half concooled in 
clumps of cocoa-nut palms. Six specimens of a variety of 
Paradism raggeana were obtained in this island. Near Seymour 
Bay there was a large extent of flat land and sago swamp, in 
which were found some saline lakes, and some hills giving off 
sulphur fumes strong enough to discolour the white polot on the 
vessel, which was lying nearly two miles distant. Some of 
hills appeared to be composed of alum and sublimed solphttr. 
There were also'springs of boiling water and boiling mud, and 
in one instance boiling mud was spouted up from a cbimtiey*like 
cavity in the hill side. Goodenough Island, the most 
of the group, was visited* A great range of mountains numing 
north and south, and culminating in two peaks not less than 
7000 feet high, forms the centre of the iriond. On the east side 
is « plain some seven of eight miles wide, nearly dear of forest. 
The formotioD is slaty schist containing much mica and quoitoi 
On the east side ore {Ejections of igneous formation, and on the 
point ncarett.to the sulphur springs in Seyxnour Bay U ^ imaB 
crater, probably not long extinct. 
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OPTICAL TORQUE? 


T T be convenient here for me to refer to some researches, not ; 

yet published, which 1 have made, as to the various orders of | 
transition tints, with the view of ascertaining which of them is ; 
the most sensitive — which of them, in fact, shows the greatest 
change of tint for the smallest amount of rotation. Reference ! 
to the diagram on the wall displaying Newton’s tints will make '' 
clear what X mean by the transition tints of the several orders. ' 
The tints obtained from quartzes of varying thicknesses may be 
considered as approximately identical with the tints of Newton’s , 
rings, provided we remember that the air- film which gives any - 
particular tint in Newton’s rings is about 1/300,000 part as thick | 
as the quartz which yields the carre.sponding tint in the polari- j 
scope. Better far than any painted aiagram, because richer and | 
purer, are the tints now thrown upon the screen by introducing 
into the field a thin wedge of selenite, displaying the whole of ; 
the colours of the*first three orders of Newton’s scale. You will I 
notice the successive recurrence of purple tints, both in the I 
colours seen in the bright field, and in those seen in the dark 
field. I 

First I will show you the transition tints of the first and ! 
second orders in the bright field. That of the second order is I 
much less intense than that of the first ; and yet it is very sensi- | 
tive, turning to a green tint whilst the first order purple has only ! 
turned to a blue. On the other hand, with reversed rotanon of | 
the analyzer it turns to red less rapidly than docs the tint of the i 
first Older. j 

Next i take the transition tints of orders I., IT., and III. in ' 
the dark field. These, though arranged, by means of superposed j 
half-disks of ** quarter-wave ” plates, to be optically equivalent ' 
to biquartzes of two rotationr, are really built up of selenite and ( 
mien. You will notice how the tint of order I. surpasses in ' 


sensitiveness both the others. I cannot here show you on the 
screen the means by which I have compared the tint of order J. 
in the dark field with that of order I. in the other set. Suffice it 
to say that 1 find the tint of order I. in the dark field— corre- 
sponding to 7 '5 millimetres thickness- -more sensitive than that 
of order I. in the bright field, wliicli corresponds to 3'75 
millimetres thickness. 

A method which was at one time supposed to be more precise, 
was that of placing a spectroscope (or its pri ;m) in front bf the 



FfO. 9. — Direct -\iiion prism for projeciijn of*i?cctrum. 


analyzer, and watching the motion along the spectrum of the- 
interference bands which arc then seen. My three pieces of 
crystal remain. I introduce a slit in front of them, also a single 
film of quarter-wave mica, and then a prism to give tl)e spectrum. 
This prism (Fig. 9), by the way, is a new sort of direct-vision 
prism, having a single very wide-angled prism of Jena glass 
inclosed in a cell with parallel ends containing cinnamic ether, 
(first iccommended by Wernicke), a liquid which has the same 



mean refractive power, but widely different dispersion. It is 
preferable to bi-ulphide of carbon in several respects: first,' its 
odour ia a delicate reminiscence of cinnamon ; it is barely vola- 
tile ; and it is whiter than bisulphide. This prism, which is 
shown also in plan in Fig. 10, was c*onstructed for me by Messrs. 
R. and J. Beck. It will be seen that the dark hands in the 
spectrum are nebulous and ill -defined. It is idle to hope to 
secure accuracy by turning the analyzer until they shift along to a* 
definite point. And there is no advantage in using the higher 
orders or tints which give more bands ; for, though the bands are i 
certainly better defined, their progression across the spectrum 
for a given amount of rotation is proportionally smaller.- 

Another suggestion, due to S^rmont, is to use two sets of 
si^rposed wedges of right- and left-handed quartz. Such you 
now see before you. Instead of stariihg with extinction you 
start with coincidence between the upper and lower set of bands. 
Any rotati<^ of the light shiAs the bands, one set moving to 
lew, the other to tight. By turning the analyzer through an 
equal angle coincidence is again obtained. 

Another method, used W Wild in his polaristrobometer, is to 
iMOdtme the phenomenon known as Savart’s bands (due to the 
iotroapetion of two crossed slices of quartz cut at a particular 
u^le). The bands disappearwhen the onalyztr U set in a particular 
(mdtion. Anything that twists the plane of polarization causes 
them to reappear ; but they again fade out when the analyzer is 
turned thtough an equal ai^c. 

There is yet another method in polarimetry, due to Soleil, in 
%mi&h the opUcal torsion due to the sugar is counterbalanced or 
cMpeiiaated by introducing a pair ot sHding wedges of quartz 


of the opposite rotation. This device is known as a “com- 
pensator.” By sliding the quartzes over one another a greater 
or less thickness of quartz is introduced at will. But I must not 
.stop to illustrate this elegant device. 

Yet one other method must be mentioned, and this is certainly 
the most preferable. It consists in aiding the eye to recognize 
with precision a particular degree of extinction, Ijy the device, 
hfst suggested in 1856 by Pohl, of covering a portion of the 
visible field with something which slightly alters the initial plane 
of polarization, so that complete blackness is not obtained at 
once over both parts of the field. A common device is to cover 
half the field with a slice of some thin crystal — mica or quartz — 
so that only one half can be perfectly black at any instant. As 
an example, here is the field covered half over with a plate of 
mica of the thickness known as half-wave. The result is that 
when one half of the field is black the other is light. Adjust 
the analyzer now to equality. Now introduce something that 
rotates the light— say a tube with sugar solution in it. At once 
the balance is upset, and I must, in order to get equality, turn 
my analyzer. 

Of the same class are the polarimeters with speti^tl prUmtt 
made in two parts slightly inclined to one another. The earliest 
of these was devised by the late Prof. Jcllett, of DdfbliD, and 
has been followed by imitations of the same plan ly Cornu, by 
Lippich, and by Schmidt and Haensch, The beautiful “ shadow 
polarimeter,” by the latter firm, which I here exhibit, has the 
divided prism, and a quartz comj^ensator. 

1 have su^ested two simpler methods of accomplishing the 
same end, In the first place, I have proposed to use 
These are made on a plan suggested to me by finding that Mr. 
Ahrens’s method of cutting calc-spar for prisms was admirably 
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adftpted for miking suck prisms either with wide or nirrov 
aagtds between the respective planes of p')larizati 30 ia the two 
pans of the visible field. Two such twin-prism ;, one with 90*, 
the other with 2^% between the prUm^. are here on the table. 
1 the second place* I have essayed a polnri meter, an example of 
which ii before you* in which an arrangement of tvirin-'mirrors 
(each set at the polarizing angle, bat slightly inclined to one 
another) is m^de to yield a half shadow effect. 

Before I leave the subject of quartz I mjst refor to the fam'^tts 
mathematical theory of Kresnsl, who endeavoured to eKpUin 
its acli>n upon light by supposing that the plane- polari/.ed wave 
on entering it split into two waves, conVisling of oppositely 
circularly-polarized light, which traverse the crystal with dif- 
ferent speeds. On emerging tliey rcombine to form plane- 
polarized light, the plane of which, huwever, depen U on the 



Fic, II. — Model illn»tra*ing rccorMpowuoo of retuliniar inJtUm from twfj 
opposite Circular mot'o ik. 


retardation of phase between the two components. T here 
introduce a mechanical m>:lil to illustrate one of the points in 
this theory— me ly, the recimbination of two circular motions 
to form a slr|iight-line mo‘ion. These two disks (Fig. ii), which 
turn in opposite senses, but at equal rates, represent two circu- 
larly-polarized beams of light. Tne linkage;, which connect two 
pins on these disks, corupou ul their moti »ns at the central point* 
V, which executes, as you see, a straight line. B it now, 
suppose oie of these circular in >iions to be retarded behind 
the other, an effect which I cm imitate by shifting one of 
the pins to another position on the disk. Still the resultant 
motion is a straight line, but it is mw executed in a direction 
oblique to the former. In other words, its plane his been 
rotated. Of course this model must not be ta'sen as eitablish- 
ing the truth of Fresn^jrs ingenious theory : it U at beU a rough 
kinematicnl reprejentatio.n of it. 

H L 




Wc have, however, the puzzling fact still to account for that 
there should be two kinds of quartz crystals, right- and left- 
handed. Sir John Herschel first showed that natural crystals 
quartz thcmeclves often indicated their opii,-al nature^ by t^le 
presence of certain little secondary' faces or facets wbioh lay 
obliquely, across the corners of the primary faces, Tliese are 
indicated in' the diagrams (Figs, and 13)* and may be seen in 
two of the specimens of quaftz crystals which lie Upon the 
table. Tlw largest of these is right-handed. The wider 
generalizations of Pasteur, respecting the cry-talliat form of 
optically active snbatances, show that those sabstioices which 
exercise an optical torque, whether as crystals or in aohition, 
bekmg to the class of forms which the crystallographer dis- 
tinguishes as possessing non-soperposable hemibcdry. Xh Other 
words, they all show s&to as if In the groiwth of them 


they had been bulU up in some screw -fashion around an axis, 
and must therefore be either right-handed or left-handed screws. 
By piling up a number of wooden slabs fn skew-symmetric 
fashion, 1 am able roughly to illustrate (Figs. I4 and 15) the 
difference between the r%ht-handed and the left-handed struc- 
ture. It is a curious fact, If 1 am rightly informed, that down 
to the present date the only substances poiaessing this skew 
symmetry are natural substances ; that tho^ which the checoiat 
can produce by artificial synthesis are all optioally inactive. It 
is perhaps equally significasd that os yet no inorganic substances 
have been found which will in the liquid state rotate the light. 
'I'his uppea s to be a property possessed solely by certain com- 
pounds of carbon. Quartz fused in the blowpi|M or dissolved 
In t>otash shows no trace of rotatory power. 

Yet we can have little doubt that this property is bound up in 
the yet unravelled facts of atomic and molecular structure. In 
the case of the liquids, such a«'turpeiUiae and sugar solution, 
there must be some skew symmetry in the groupiog of atom; in 
the molecule to produce the result. In the case of quartz, 
there mud be n. skew in the building of the molecules — 
there must, to borrow a phrase from the architect, be 



Fig. T^.~'Slc»W',imme^.ricul arrangement : ri^ht -handed. 



Fig, ? 3 “-Skewiymmetr caI arraigcment : leA Jiaod^d. 

nrj oblique Irntdin^ of the minute bricks of which its trans- 
parent maiis is huilded. 1'hough we cannot even rebuild 
it from its solution, we know this must be so, for we jcan 
reproduce all the optical phenomena which it exhibits by an 
actual skew building of tnin slices of another non-r%tatory 
crystal, Here is an artificial object (I built it myself) con- 
structed on RenseVs plan, from slJttecn thin slips of mica biuilt 
up in staircase fashion— right-handed ly--^e ab^ve the other, 
anti Set symmetrically at c<iuai angles of 45'* to one another, the 
whole set making a co^-s^ew of two coropUle turns, In the 
lantern ii behaves just os a quartzof ab.>ui 'Omitlimetree thloknose 
would do. It even gives tolerably perfect rings, as quarte 
when viewed Ijy conveigmlt 

I must now pass , hastily onwards to the great discovery of 
Faraday. Here (F'lg. i6> is a magnetizing coU of wiv^ «r» 
having about 83 QOtarns^ and eocloeedM an icon jackets 
It Is traversed bv a powerfol electric curtent foom the dylftMO 
machine, U produces an totense magnetic field along iu mdii. In 
ibis axial posiiiow Bee a hej* of heavy iUes, not q3u« m fienp 
as that wmcb.Fj^ijadaThiimielf ttMfd, but nearly eo. The 
lies along the Hne of light from our tantnnif latt the > ' 
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(tlie Ahrens reflector, Fig. 7), and analyzer, a (the Ahrens triple 
prUm^ Fig. <>), are Crossed, so that here is the dark flehl. 
On turning on the current, light is at once restored, being 
twitM to Hie right when the current circulates right-handedly. 
To measure the rotation, I mu^t turn the analjzrr ; and now I 
find that, owing to the greater rotation of blue waves than of 
red, complete extinction docs not occur. Introducing a half- 
shadow plate, and using coloured glassep, it is very easy to 
verify the greater amount of rotation for blue light, and to show 
that reversing the current reverses the rotation. You will per- 
haps better understand it if 1 use (as in Fig. t 6) the 24-ray star, 
s, which I have previously employed. Tt is now obvious to you 
that there is a large rolation-^over 50” iti fact " which is reversed 
when 1 reverse the magnetizing current. We have thus repeated 


the fundamental experiment of mogneto-opticp. But now we 
meet with another consideration. Reflect that the circulation of 
current, if it be taken as right-handed when regarded from one 
end of the colt, will be left-handed when regaided from the 
other end of the coil. This is, therefore, no case of skew sym- 
metry: it clearly indicates that something is going on in the 
glass which tends to twist the light quite irret^pcciTve of which 
way the light enters. 

The next magneto-optic plifnomenon is th.st discovered hy 
Pr. Kerr, of the rotation of the plane of polarization by rtflet- 
tion at the surface of a magnet. I'o observe this .at all u-quircs 
good apparatus and a keen eye. So far as I am aware, it has 
never been projected on the screen. If I can succeed in doing 
so, it will only be because I have special means of the mo:t 



Fih. i;6.“Projection of magnetic rotation of plane of p )lari/at1on. c, condensing lensen ; p, reflecting polarizer; At, magncti/lng coll surrounding Imr 
of heavy-glass : s. mica <lbk of twenty-four rays ; a, analyzer (Ahrens's triple pri^m). 


favourable character for so doing. Wc withdraw the bar of 
heavy glass from the coil, and replace it (Fig. 17) by an iron 
core polished at its coned end. This will be intensely magnetized 
when the current is turned on. 

Now wc must throw the beam of light obliquely down the 
hollow of the coil, polarizing it by one of my improved Nicol 
prisms, p, as it goes down. After reflection it is ft)cusscd l)y a 
lens which sends it through the analyzing prism, A. You see 
the dim spot of reflected light upon the screen. Now for the 
current: "on,” "o/T,” "on,” "ofl’.” Reversing its direction 
ought to double the amount of torsion. 

Whilst Mr. Thomas is making the needful arrangements for the 
next experiment, I may mention that it was found by Keir tliat 
the effect was approximately proportional to the magnetic induc- 
tion through the iron. 1 have myself tried some further experi- 
ments : for example, using a bar of lodestonc instead of an iron 
core. The light reflected from lodestonc is also twisted. 1 



Fia. i7.—Apattrata6 fur projeedne rotation of plane of poUrisatioa by refiec- 
tfoi^ at i^o of magnet. ?, pol^zer ; m, magnetizing coil with coned iron 
core i A, analyzer. 


should expect the ferro aluminium alloy which Sir H. Roacoc 
showed a fortnight ago to do the same thing, because that 
alloy U, as I have found, susceptible of magnetization. But I 
should not oxpect manganese steel to rotate the %ht, because 
of Ha singutarly non^mognetUable nature. 

tit* experiment of Kundt, traosmittlng polarised lifi^t through 
a thin transparent Aim of iron, magnetized normally whilst the Hght 
ii tiitoogh it. is another difftoult of repetition before an 

oepeme. The ssiall duks here are cohered with fllutis of iron, 
Irittdly prepared forme by Mr. Crookea, liy squirting them eUsc^ 
triehliy in a hififh vaenuitn. Bm the thin onea barely transmit 
eudctgh !i^ to ihahe the ohservacton of the eflffect posrible even 
to the aolhary observer, 1 hotve obaerved the effect ptoje^ed oo 
t||Nt CoU amt: theee transparem mitrots. 

It However^ an ^iwotutely dark room, and h at best so 

it woM he hopeteas to auempt to show U to a laige 
Fret ICundt W not only observed sHnder rotaUoos 


in other magnetic films of nickel and cobalt, but has even shown 
that the degree of rotation of the light is proportional not to the 
magnetizing force, but to the resulting magnetic induction. 'Phis, 
is a result of utmost importance in considering the theory of the 
phenonienon. He has further shown that, whereas the magnetic 
rotn lions in elementary bodies, whether magnetic or diamag- 
netic, are in the same sense as that in which the current circu- 
lates, the magnetic rotations in compound magnetic bodies, such 
as a solution of sulphate of iron in water, are in the opposite 
sense. 

'riicsc experiments with transparent mirrors of iron raise interest- 
ing speculations as to the prt>bable nature of a transparent magnet, 
if finch there could be. It is one of the cardinal p ints of A 1 ax- 
well’s celebrated electro-magnetic theory of light, that the bettei 
a body conducts electric current*’, the greater is its Icmlency to 
absorb light and l>ecome opaque. Now, suppose it were possible 
to obtain a substance such as to possess greater electric conduc- 
tivity in one direction than in another, such a substance ought to 
alworb those vibrations of light wliich are executeil in the direc- 
tion of the greater electric cofVliictivily more than those in the 
direction at right angles. In other words, such a substance ought, 
like the tourmaline, to polarize light by absorption. Now, since 
the reseaiches of .Sir W. 1 'homson in 1856, wc have known that 
the electric conductivity of iron is altered in the direction of the 
magnetic lines of force, when it is powerfully uiagreiized. Moie 
recemly it has been discovered— I mvself observed it in tinfoil, 
and announced the discovery to the Fhyrical Society a fjw days 
before the announcement of the same fact by Right— that non- 
magnetic metals alter their resistance in the magnetic field. 
Notably bo do bismuth and tellurium. I had therefore conceived 
it possible that a film of iron or iKJSsibly of tellurium, if strongly 
magnetized in its own plane, might exhibit polar ab«:>rption and 
act like a tourmaline. Unfortunately, if the effect exists it is so 
faint as to l>c yet undiscovered, though I have made many efforts 
to find mch, 1 have further tried to obtain a similar result by 
making a tranaparent magnet out of a film of magnetic oxide of 
iron, precipitated chemically. In this too I have not succeedetl. 

I have tried to precipitate a transparent film of magnetic oxide 
in the mldat of a transparent jelly. And I have mixed particles 
of precipitated oxide with melted gelatine so as to get a film. 
In ihiB way I hoped to get, by placing the preparailoti in a 
strong magnetic fttld, a soft of magnetic structure which would 
operate upon waFea of light. That such a task was not hopeless 
wa* shown by two facts : first, that many mere vegetable and 
animal stnictaits can act os polarizers ; and second, that a mere 
film of paint, suiph as indigo, can, if a proper mechanical drug is 
given to it sa #s to produce structure, alto act as a polarizer. 

The film of Indigo-carmine which I have here, acts nearly as 
strongly thoO^ not quite as evenly, as a tourmaline slice, and 
costs out a fraction of a penny. 
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Well, my films of jelly enclosing particles of magnetic oxide of 
iron do faintly act on |>olari*ed ligot ; but their action is not as 
marked as that of films of jelly inclosing actual small scraps of 
iron. This film, frhen placed across the poles of this electro- 
magnet, between two Nlcol prisms at 45*, shows an action when 
the magnet is turned on, as you see by the way in which it flashes 
into light in the dark field. When the jelly is fresh, and of the 
proper consistency, the action is very strong, but with the rather 
dry sample before you I fear we can only call the effect a suevh 
d*€stime. 

Incidentally, in the course of these experiments bn magnetic 
films, 1 came across a new magnetic body unknown hitherto, I 
believe, to the chemist -namely, a magnetic double oxide of cobalt 
and iron — la ferroso-cobaliic oxide, I think — a black powder, a 
sample of which I have here. 

It also occurred to me, as a matter of speculation, that if I 
could strongly magnetize a crystal of ferrous sulphate or nickcloos 
sulphate, whilst viewing it by convergent polarized light I might 
find some interesting phenomena, which should, if they existed, 
show 8ome sort of a relation between the direction of the optic 
axis and that of the lines of the magnetic field. I thought that 
a longitudinal magnetization might possibly set up a rotatory 
phenomenon like that in quartz in so far as to disturb the 
central field between the arms of the black cross ; however, not 
by the most jwwerlul magnetizing could I discover any such 
effect. Again, I thought that by magnetizing transversely to the 
optic axis T might possibly succeed in turning the uniaxial crystal 
into a biaxial, or producing by magnetism an effect resembling 
the action of heat on ciystois of selenite. Owing probably to 
the small depth of any crystals that can be obtained, 1 have failed 
so far to obtain any such effect, though I am convinced that it 
must exist. 

- An effect, precisely analogous to the magnetic effect which I 
Vainly sought has, however, been lately discovered by Prof. 



Rbnlgen. 1 sought a distortion of the optic axis by transversely 
magnetizing, and I sought it in crystals of sulphate of nickel ; he 
has found adistortion ofthe optic axis by transversely electrifying, 
and he has found it in crystals of quartz. 

Suppose a piece of a quartz crystal is cut as a square prism, 
cts long faces being pnncipal planes of section respectively 
parallel to and at right angles to two of the natural faces of the 
hexagonal prism. Fig. 18 shows the form of the portion cut. 
The + and - si^s in this figure refer to the pyro-electric poles 
of the crystal. Such a piece viewed by convergent light snows 
the usual rings and black cross with a coloured centre (Fig. 19). 
If now two opposite faces be covered with tinfoil, a^ the 
crystal be electrified transversely, the rings are distorted into 
lemniscates, the direction of the distortion changing with the 
sign of the electrification. It is necessary to use a red glass, or 
still better sodium light, to observe the changes in form on 
reversing the sign of the chaises. Figs, ao and 2J, 32 and 33, 
show the changes of form, but these sketches grossly exaggerate 
the effects. As you see upon the screen, when the charges im- 
parted by this fine Wimshurst machine are rapidly reversed, 
ihere U a decided distortion of the rings, but it 1$ small in 
amount. 

Returning to the phenomena of the rotation impressed by 
magnetism on polarized light, J may point out that the torque 
which a magnetic field exens on the light-waves appeara to be 
qreaUy an action upon the mafter through which the light- waves 
are passii^. It is as though the magnetic field were really a 
portion otspace rotating rapidly on itself, or perhaps as though 
(he ether were there roCatio^, and that this roution in Some way 
dragged the particles of matter along with it. It \m long been 
supposed necessary, in order to account for the itfraottve and 
KiUpersive properties of transpareotrbodies, to consider 
particles are in some way concerned in and partake of ylka- 


tions going on In the ether within them or between their molecules. 
It is impmble to explain the phenomena of magneto-optic 
rotation by the supposltioa that any skew structure is imparted to 
the medium ; for tnese phenomena, unlike those of quartz, do 
not exliibit skew symmetry. There seems to be no other way of 
explaining the magUeto-optic torsion of light than by supposing 
that the molecules of matter in the magnetic field are actually 
subjected to rotatory actions ; as indeed was suggested long ago 
by Sir William Thomson. 

However, there is room here not only for speculation but for 
experiment. Some day, when facts enough have been collected, 
we shall be ready to build thereon the wider generalization 
which at present seems to escape us. 

So far we have been applying an optical torque to previously 
polarized light, and producing a torsion of it. It remains for 
me yet to describe tne means by which, in the hands of Prof. 
Abj>eand Prof. Sohneke, it has been demonstrated that natural, 
non-polarizecl light is actually rotated when subjected to an 
optical torque. 

The way of doing this is to make use of the principle of in- 
terference. Here U a slit from which a narrow beam of light- 
waves issues. At a point a little distance away is a Fresnel’s 
biprism which splits up the light (without ].>olarizing it) into two 
beams, just as if we had two slits or sources of li^ht. 1'hese two 
beams pass along, and meet upon this distant screen, and give 
us — what ? A set of interference fringes, having a bright line 
down the middle, because this part of the screen is exactly 
equidistant from the two sources of light, 



Fig. 20. 



Fig. ar. 



Fig. 22 . 



Fig. 


Uui these dark interference fringes that lie right and left can only 
exist because, in the first place, 3ie vibrations have travelled un- 
equal paths differing by an odd number of half wave-lengths ; and 
seconaly, because (owing to the method adopted of using two 
images of one .slit) the phases of the emitted waves from the 
two sources are identical. 

This being so, let us now introduce across the two interfering 
hsams of light a special biquortz, made of right- and left-handed 
quartz of only i '88 mm. thick. This will rotate — 1/ i/ rotates 
natural light at rtf/— the yellow light in one beam 45* to the 
right and that of the other beam 4S* to the left. The angles 
will be a little more for green and blue, a little less for red and 
orange. Consequently we shall not get quite a perfect resatt 
for all kinds of colours. But for the main body of Che light the 
result is ihU: that because the two beams have had their re- 
spective vibrations turned so that, whatever their primitive 
positions, they are now at right aWles to one anotneri they 
cannot interfere. In other Words, if it be true that the qtutru 
rotates natural light, the interference bands will die out, [Expert^* 
ment shovht.] 

Here I have the light passing through the biprism only, and 
giving us this narrow series of interference bands. You must 
notice carefully-— with opera-glasses if you have tkeih’-’the 
narrow bright and dark stripes. Now I shift this little dtaphmgm 
so that the light passes thro^h the biquartz as well. Inst&d 
of sharp interference bands we have merety a dull lipe of 
nebulous tight. The disappearance of the fringes proves tfret 
quartz does twist the not-prevlously-potarized waves of, )%hU 

That the magnetic field cah etsq exert a magnetic tomue tm 
noh-poUrized fight U readily proved, at least when one mxtady 
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hlU the biftuartz. Twfo strips of heavy^gUss of exactly ec^ual 

aod similar ^aaljiyf such as those 1 hold in mv hand, 
must be introduced in the respective paths of the two beams ; 
aUtd one at least of them must be surrounded by a magnettaing 
od>}l. The biquartx has wiped out the interference fringes ; but 
OR magnetiKirtg one of the two pieces of heavy-gla&s, or oa 
tnugne^ng the two in opposite senses, the interference bands 
can be made to reappear. It is in this way that Prof. Sphncke’s 
eapflritnenl —hardly suitable for a lecture theatre— was per- 
formed, It is in this way that we establish upon an exj^ri- 
mental basis the fact that light itself, and not merely the plane 
of its polarization, experiences an optical torsion when subjected 
to those forces which, whether crystalline, molecular, or magnetic, 
exert upon it an optical torque. 

BABYLONIAN ASTRONOMY} 

H. 

E year — thaf is, the period bringing back the recurrence of 
the seasons — is not a primitive means of dividing time, but 
the result of many observations. The simplest way of marking 
time is seasons, and the system is still employed by some savage 
nations in Africa. A season does not correspond to one year, 
and more than one may be in a year ; seasons, however, generally 
correspond to the year period. As to the division of the year, 
it must have varied according to the climate and region, but the 
simplest is by ten, as ten is the most common dividing number, 
and such was the one originally adopted by the Semites and Egyp- 
tians. This year of ten months, or rather ten parts, has left 
traces among the Semites and in classical authors. The 
Babylonians assimilated their ;first ten kings to the ten parts 
of the year, At Rome, we are told that the year before Numa 
Pompilius was composed of ten months only. 

A year of ten lunar months U impossible, for after two or 
three of such periods it would no longer corresjwnd with the 
seasons. We find, therefore, that the ten parts of the year were 
composed of thirty -six days distributed in four periods or weeks 
of nine days. This last division was not, however, official : the 
days of each of the ten divisions of the year were merely numbered 
from one to thirty-six; it was at a later date that the days 
received names from the protecting gods attributed to them. 

It is to be noticed (hat in Egypt the months had no special 
names ; the year was divided, after the reform of the calendar, 
into three seasons of four months of thirty days, called first, 
second, and so on, of the season to which they belonged. 
Popular names were attributed to them afterwards, taken from the 
reugious festivals, but they do not appear in the texts before the 
Ptolemaic period. The like took place among the Semites i 
the months were called first, second, third, and so on, but were 
not distributed into seasons, It was only after the Akkadian in- 
vasion that the other names, Nisan, Tyyar, &c., were adopted, 
and (he eighth month never lost its numerical name. In 
the astronomical omen tablets the primitive nomenclature by 
numerical order was often preserved. 

It is still uncertain at what time the old calendar of ten 
divisions of thirty-six days was reformed into one of twelve 
months of thirty days- The change was due to the desire to mea* 
sure the time by the appearance of the moon. This reform may be 
due to the influence of the Akkadians, who made the conquest of 
Babylon about 7000 b.c. These people had a lunar calendar 
composed of thirteen months of twenty-eight days, giving, there- 
fore, a year of 364 days. It was no doubt more accurate than 
the Semitic calendar, Wt the Akkadians adopted their Buh}ects* 
calendar. The deficiency with the normal solar year of 365 days 
uiis made up by means of a supplementary month plac^ fr- 
rc^larly by the priests when they thought it necessary. That is 
why we find various intercalary monihs, and wby^ in some cases^ 
as ifde even as Nebuchadnezzar the Oreat, they occur in three 
successive years. To make up the deficiency the Babylonians 
hud also a sut^leraeniary day called the "heavy aist,^’ which 
CCuld be inserted in any month before the normal aist. We 
find the mentUm of such supplementary days in several con- 
seetitlve montte, 

Akkadians, before invading Babylonia, divided their 
moMh Into ftmr parts or weeks of seven days each. This division 
Itadi hdiyever, nothing to do at first with the planeu, to which 
ike ddys were assUnUated only at a later date. The Akkadians 

- ' Absnaet of ihe woond t«otms dolivtmsd by Mr. G. Bsrtiii at ihs Bridsh 
iMesftteu Coadaatd.fiemp.S37. 


looked on the planets as evil spirits disturbing by their irregular 
motion the harmony of heaven ; and, as evil spirits were the chief 
objects of their worship, they naturally attributed to each day of 
the week the name of a planet. When the Akkadians adopted 
the Semitic month of thirty days, the week of seven days was 
naturally abandoned in common use, but it was retained for 
religious purposes with some modificalion, a new series of f ur 
weeks commencing with each month. The Semites rejected 
the Akkadian names of the days of the week, though they pre- 
served the symbolism attached to them, as is shown by the seven 
tablets buried under the foundation-stone of Khorsabad. 

Our names of the days of the weei< are derived from the Akka- 
dian assimilation of these days to the planets. There is no doubt 
as to the order in which the planets were assimilated to the 
names of the days, if we compare them with the colours of the 
w'alls of Ekbatana built by a Medic tribe, which preserved the 
primitive rel^ion of the Akkadians, and also with the tablets of 
Khorsabad. The following table Will show the correspondence : — 


Namoi. of the days an i 

Colour! of the walls 

Materials of the. 

planet!^. 

of KkbatHna 

tablets of 
ICboniabad. 

I Sunday (the Sun) 

Gold 

Gold 

2 Monday (the Moon) 

Silver 

Silver 

3 Tuesday (Mars) ... 

Orange 

Copper 

4 Wednesday (Mercury) 

Blue 

Tin 

5 Thursday (Jupiter) 

Red 

Iron 

6 Friday (Venus) ... 

Black 

Basalt 

7 Saturday (Saturn),.. 

White 

Limestone 


Iron, corresponding to Thursday, or Jupiter, is represented by a 
red colour, no doubt on account of the rust, which is red* And 
we must not be surj^rised to see Venus represented symbolically 
by black, for Vesper or the Evening Star is really the t/rtsty. 
This proves that the week of seven days, which is found all 
over Asia and Europe, spread, not from Babylonia, but from the* 
country whence came the Akkadians. 


T//E INST/TC/T/ON OF MECHANICAL 
ENGINEERS, 

"T'HE summer meeting of this Institution was held in Paris last 
^ week under the presidency of Mr. Charles Cochrane. 

The papers offered for reading and discussion were a de- 
scription of the lifts in the Eiffel Tower, by Mr. A. Ansoloni, of 
Pans, supplemented by the results of working to date, communi- 
cated verbally by Mr. Gustave Eiffel, Prcsiticnt of the Society 
dcs Ing^nieurs Civils ; the rationalization of Regnault’s experi- 
ments on steam, by Mr. J, Macfarlane Gray ; on warp -weaving 
and knitting without weft, by Mr. Arthur Paget ; on gas-engines, 
with description of the Simplex engine, by Mr. E. I^elamare- 
Deboulteville ; on the compounding of locomotives burning 
petroleum refuse in Ruasia, by Mr. T. Urquhart ; and descrip- 
tion of a machine for making paper bags, by Mr, Job Duerden, 

In the discussion of the first paper, which, as Us title shows, 
was mainly technical in character, the interesting meteorological 
circumstance of the Eiffel Tower acting as a thunder-cloud 
discharger was referred to ; clouds laden with electricity having 
passed quietly over the r^ion of the tower, which previously and 
afterwards fiasbed with lightning. It was also pointed out that the 
pCTiiendicularity of the building is not affected by temperature 
variations, nor by any wind pressure hitherto recorded. 

Wc have not received, a copy of the paper by Mr. Gray, who 
reserves the right of reproducing it, hut from the syllabus of 
papers publish^ by the Institution of Mechanical Engineers, it 
may be stated that Mr. Gray proposes a new unit of heat, 
which he compares with the ordinary water-unit, and a new 
diagram of energy, which he calls the Theta- phi (fl A) or temper- 
ature-entropy diagram, a graphic representation of the Carnot- 
Ciausius fundamental principle, of which the area shows heat- 
units, the co-ordinates being the temperature, and entropy, 

He compares Regnault’s experimental steam -pressures with the 
pressures calculated by means of his formulse, showing closer 
agreement than is obtained by RegnauU’s most accurate 
formulse. 

In Mr. Paget's paper the three chief methods of making fabric 
or cloth or tosue from yams or threads, viz. ordinary weaving, 
knitting, and what the author calls wam-weavitig, are referred to. 
The paper describes the method by which sha;^ goods can 
madf.^ by warp-weaving, and the machine by which this is 
efitmtiS. The machine, which is of a very ingenious character,. 
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Mveral interefttlnig pointi of conitraction aiui detail, 
i« at work at the Paris Exhimtion. 

Mr. DeboutteyiUe, ia his {taper, 6nt renews the jas-ea^nes 
hitherto proposed or ^mploye4 He carriei back his reset tohes 
neady a ceatary,#rKen the first gas-engine was proposed by 
Barber, and completes them with a description of the Simplex 
engine, which he brought out with Mr. Maiandin in 18^4. This 
engine is founded on principles laid down by Mr. Beau de 
Kochas— ‘that, to realitt the best results from the elastic force of 
gas, the cylinders should have the greatest capacity with the 
amallest cii^mferential surface, the speed should be as high as 
siblc, the cut-olT should bo as early and the initial pressure as high 
as possible. Xn the author^s engine the ignition u effected by a 
])rmcticaUy continuous electrical spark ; the air and are mixed 
in an external receptacle fixed on the cover of the slide, and are 
drawn in through channeh of varied forms so as intimately to 
mix them. The governors described act on the principle of 
totally cutting off the supply of gas for one or more strokes 
whenever an increase of speed occurs. From the tests made 
with this engine the consumption of gas is low, and It appears to 
compare favourably with good steam-engines as regards economy 
of application. 

Besides the reading and discussion of papers, the thembers of 
the Institution visited the Exhibition, and various works which 
wire opened for this purpose. 


SCIENTIFIC SERIALS. 

The numbers of the yournal of Botany for June and July aie 
chiefly devoted to articles intcrcsufng to students of systematic or 
geographical botany, especially that of our own islands; the 
latter number contains a biographical sketch of the late Prof. 
Reichenbaoht by the editor. 

Thb most interesting article in the Botanical Gazette for May 
is the commencement of a detailed paper by Mr C. Robertson, 
<m the relations between insects and flowers in regard to American 
plants. The number for June contains original articles by Mr. 
If. L. Bolley, on sub-epidermal rusts, and by Mr. J. N. Rose, on 
the Achenia of Coreopns. 

The Arntrican Meteorological Journal for May contains 
abstracts of the papers read at the meeting of the New England 
Meteorological Society on April i6j— I n a paper on lightning 
and the electricity of the atmosphere, Mr. McAdie gave an 
acqottot of some kite experiments at the Blue Hill Observatory, 
ne&r Boston, In which the potential was determined at various 
heights. He also referred to the observations on the character 
of ughtning at the top of Mount Washington during thunder- 
storms, and to the effect of the electrification of the air upon 
wateir, dust, -and other particles in it, and to the possibility of 
foretelling the moment of a flash of lightning. — Prof. W. M. 
DavU rnsme a report upon the investigation of the sea*breeze, 
undertaken in 1887, from observations at 100 stations. One 
fact shown was that the diurnal range of temperature, which is 
diminished op the coast by the action of the s^a-breeee, is not 
lessened at the inland stations. — Mr. E. B. Weston read a 

S on the ]practical value of self-recording rain-gauges, 
ng to the importance of knowing the hourly felU when 
cemstruoting drainage systems.— Prof. H. A. Hazen continues 
the discussion upon anemometer comparisons, and upon the 
question of the probable effect of the momentum or heavy 
cups, when placed on a whirling machine. He considers that 
the Robinson anemometer is by far the best instrument ever 
devised for variable winds.— Lieut. Finley discusses the frequen^ 
of tornadoes in llliooU for fifty-four years, ending with t88£ 
The total number of storms was 14T. The month of greatest 
frequency was May, no month being free from storms. The pre- 
vailing dtrectiofi of movemeat was north-east.— Prof; HArrington 
communicates the instructions issued by the Chief Signal Officer 
for the preparation of forepasts and for their verlfloaticm. The 
instructions contain nearly aoo regulations, and are very interest- 
ing to those who study weather pivdlctlons. 

The Metearohgis^he Ziitschrift for June contauistlie 

first part of an epitome of Dr. von Bezold's papers on the thermo- 
dynamics of the atmomhere, which have alreaay been •uesmatod 
In OBT notices of Societies.— Dr. J. Hann cemtribatee is valuable 
anide on the results of ihe msteorologicid observa^i^ of the 
lute Prof; 4. Acfcermaito at Port-au-Prince, Hayti, 
befog a part of the worid where they are of special value, the 


observations were rescued iVom entire loss ^ the exertiODs e^ 
Dr. Hann and Proi J* Scherer, the origmals having 
wiifoUy destroyed, Tim distributioa of rafofall is muds afifeeted 
by the mouAtaih featnres of the island ; ia the north the rafoy 
season is from December to April, while in the aouth it is from 
May to July. The average yearly rainfall at Port-au-Prince, 
from the aboVf obseryatfone, waa 61 inches, on 153 days. 
greatest daily fall was 5*6 inches in May 1865, the rain lasting 
four hours. The climate is very equable; the mean of the 
absolute maximum temperatures was and of the minimum 
56^ 8.-- Dr. von Lepei describes his experiments in pansing 
electric sparks thrown gfots tubes lined wUh a thin coating m 
paraffin, and containing a small amount of moisture, and potnts 
out that during thunderstorms many similar discharges may be 
observed, and may find their explanation in these experiments. 
The sparks differ in character and in colour, and the author 
argues that the humidity in the tube. may pc compared to the 
particles of vapour In the thunder'clouds, and that the coating 
of paraffin may have the same optical effect as the translucent 
clouds themselves. He gives the results of his thunderstorm' 
observations on these lines during the summer of the year 1S88. 


SOCIETIES AND ACADEMIES. 

London. 

Physical Society, June 22. — Prof. Ueinold, F.R.S., 
President, in the chair. — The following communications were 
made : — Note on some photographs of lightning, and of 
“black** electric sparks, by Mr. A, W. Clayden. The light- 
ning photographs, three in number, were obtained during the 
.storm on June 6. Two flashes, seen on one plate, show com- 
plicatod and beautiful structure : one of them is a multiple flash, 
and flamc-iike appendages point upwards from every angle ; the 
other is a broad ribbon, and, although the plate shows signs of 
movement, the displacement is not in a direction such as would 
produce a ribbon-like effect from a linear flash. The second 
plate shows four flashes, none of which are ribbon-like, though 
the camera had moved considerably. The third plate was ex- 
posed to six flashes, one of which was believed to pass down 
the middle of the plate ; bat, on development, only a triple flash 
in one corner of ttie plate was seen. Careful search, however, 
revealed the central flash as a dark one with a white core, and 
other dark flashes were a^ubsequenfly found. The pkte was 
very much over-exposed, and this suggested that black flashes 
might be due to a sort of cumulative action caused by the super- 
position of thejglare from a white cloud upon the normal image 
of the fla^. To test this, sparks from a Wim^arst marine 
were photompbed, and, before development, the plates were 
exposed to diffused gas-li^t for a short time. The bri^^t sparks 
yielded normal images with reversed margins, and the mint ones 
were completely reversed. Other expenmenU showed tbe re- 
versal to spread inwards as the time of exposure to gas-light 
increased. Finally, reversal was effected by placing a white 
screen behind the snark, to represent a white cloud, the only 
illumination being that of tbe spark itself. In the diseussion 
which followed, Mr. W. N. Shaw exhibited a photograph taken 
duriitg the same storm, which is particularly rich in dark flashes 
beanenmg datwards from an intensely bright one. Xu some 
places the bright line has dark e<%es, and in one part a tlxin 
bright tine runs along the middle of an otherwise oailc portion 
of ine flash. In answer to Mr. Inwards, Mr. Shaw said thepfote 
was exposed about half a miimte, and the former thought that, 
under tnose conditions, the appeanmoe of the plate did nbt con- 
tradict Mr. Claydien*8 hypothesis. Speakil^{ of the same )^ho- 
togra^ Profi Peny oonsideffed that Mr. Cktyden's observatfoas 
would explain the resdlt, for a bright flarii required more ex- 
posure to diflbsed Hghe to revene k than a lafot one did. Pfofi 
Ramsay vemfoded the meetiiw that Ptof. StoWs '^Oiirideajnf 
nkrogen ** explanation was stlfi a pdsribto one ; ahd Mr. C- V. 
Burton asked whether tlm may be ddc to faint sparks owtting 
off liflhl fniui brightly khmitiated doiids, Just as a "ga^flnoE 
absorbs light feom a brighter source. In rhply, Mr. Clay^n; 
thought the *^03udek of niferegeo hypMhesb imprcMfo^ and 
said nis expedmeats difl uot enable him to answer 

S ion. As regards Mr; Sba^^s plate, he briieved the dmsU 
from the riouds would be salefout to reverse the fldsM 
tary florites, akhoogh k was insui^eieht to rev«is» rifo' , 
primary one. From obtrinedwheik ^ ribbethfle^ stoiy 
taken, pe had mede sKfoto chkulatfoto which geee^the of 
the doods about tooo yards, eo4 the Ahheu^flarii 
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100 yftrdx wide.— 'Researches on the eledricftl reslst- 
t>t bismuth, by Dr. Ed. von Aubel. The paper, which 
ft to French* was taken at read. A translation wilt appear in 
^ J^xocee 4 tof(s of the Society, — Expansion with rise of tem- 
ntrtt^re of wares under puliing stress, bv J. T. BottomJey, 
F;E.S* The investigation was to determine whether the co> 
of expansion of wires depends on the stress to which 
they me subjected* and Was undertaken in connection with the 
secular experiments on the elasticity and ductility of wires, now 
betos conducted at Glasgow University. Two wires, about 17 
long, of the same material, were suspended side by side 
within a tube, through which steam could be passed to change 
the temperatuie. One wire was loaded to half, and the other 
to oAe-tenth its breaking weight, and, in (he preliminary experi- 
ments the elongations were read by a Quincke’s microscope 
cfttbetometer. About 150 heatings and coolings, extending over 
three months, were necessary to bring the heavily loaded wire 
to its permanent state, so that conscciuive expansions and con- 
tractK^ were equal. When this stage was rtached, hooks of 
peculiar shape werq attached to the lower endi^ of the wire. 
These hooks form a relative geometrical guide, and their hori- 
zontal parts mutually support a small table which carries a plane 
mirror. If the wires expand or contract unequally, the minor 
becomes tilted, and the relative displacement is observed hy 
means of a telescope and scale hxed nearly vertically over the 
mirror. From experiments on copper wires, the coefficient of 
relative expan&ion was found to he 0*32 x 10"® per d«^ee Cen- 
tigrade, or about 1/55 of the ordinary linear expansion of the 
material. The heavily loaded wire expanded most. The results 
for platinoid give 0 27 x 10^^ as the relative coefficient under 
the conditions namerl above ; this is about 1/57 of the ordinary 
linear expansion, which, from separate experiments, was found 
to be I5’4x ro“‘^. Mr. H, Tomlinson thought the probationary 
period for copper might be considerably shortened by repeatedly 
puttittg on ana taking off the load, and by subjecting the wire 
to torsional oscillation. With iron wires this would not be the 
case, for they behave in a most peculiar manner, and require 
long periods of rest after each oscillatioti. From experiiuents 
he had conducted during the last two years, he found that the 
permeability of iron cotild be enormously reduced by repeated 
heatings and coolings whilst undergoing magnetic cycles of small 
range. Mr. Gregory said the paper threw considerable light on 
some experiments on the sag of stretched wires upon which he 
was engaged. He also suggested heating the wires by electric 
currents. In reply, Mr. Bottomley said he had considered it 
important to leave the wire* untouched after being suspended, 
and as regards heating by electricity he thought that convection- 
eurren:s would make the temperature non-uniform. — -Owing to 
the absence of Pri)f. S. P. Thompson, his Notes on Geometrical 
Optics ** were postponed. 

X.lnneBn Society, June ao. — Mr, Carrutheis, F. R.S., Pre- 
sident, in the chair.— Dr. H. Trimen exhibited specimens and 
drawings of the tuberculated lime of Cevlon, and made some 
Interesting remarks thereon. — Governor Moloney, of the Colony 
of West Africa, exhibited an extensive collection of 

butterflies and moths, the result of twelve months’ collecting 
durirg the ramy season. The former, comprising representatives 
of 6^ genera and 158 species; the Utter, 7S genera and us 
species, had been named and arranged by Mr. Herbert Druce. 
A few Chelonians, belonging to the genera 7>ini)njyx^ S/erno- 
//torwr, and Cirtuys^ were also exhibits, and a remarkably Urge 
btock of resinous gum, which, to the opinion of Prof. Oliver, 
wmi referable to some species of /}ameiiia, and which had been 
found in ]jo country. As an article of commerce, it pressed 
the advantage of requiring a heal of doo* F, to “ run * it, so as 
to uhH^ with linseed oil to the manufaccute of vamkh. In 
addition to these specimens. Governor Motoney exhibited some 
lUfIg'bows and cross-bows obUttoed dhiefs of Ibadan from 
toltoe botUe-fleld to that neighhaiirh43tod, and used by natives 300 
the coastdine. A diseuMton totiowed, to which Dr. 
Itodtoson, Mn P. Morris, and Mr, Harting took part,— Prof, 
itowott next exhibited some skulls, adult and immature, of 
and expUined the very curious 
inMktoo of this animal ; upon which Dr. Mivart and Prof. 

sdtoe critical rematks.— A paper was then read by 
71% |ohn Andeteon, F.R.S., oa the mamnwU, rtptUes, and 

to the Metigui Archipelago, 

' '|M.^iteerAiiig which he hod been edofatod to make some toter* 
Attetidon wm pattkalorly directed to a new 
' and to the octurrence, on seme of the 


island?, of cMis^ besides a wild pig, musk deer, gmy 

squincl, and a crab-eating monkey {Senin0pUh€cus\ which hunts 
along the shore in search of CrusUcea and Mollu&ca. Some 
rcmaiks were mode on rhinoceros going out to sea, and on a 
crocodile being found twenty miles ofi' the coast. — A comrouni- 
cation was read from Mr, Charles Packc, on a remarkable case 
of prolonged vitality to a friiilUiy bulb.— The meeting (the last 
of the session) was brought to a close by a most interesting de- 
monstration on animal locomotion, by Mr. E. Muybridge, who 
illustrated his remarks with projections on the screen, by ox>- 
hydrogen light, of ins-tantaneous phutogrophs taken by him, to- 
wbteh motion was imparted by means of the zoopraxiscope. 

Sydney. 

Royal Society of New South Wales, May i.— Annual 
Meeting. — Sir Alfred Roberts in the chair. — The report stated 
that twenty new members had been elected during the year, and 
the total number on the roll, April 30, was 474. During the 
year the Society held seven meetings, at which the ful lowing 
papers were icad ; — Prcsidci tial address by C. S. Wilkinson. — 
Forest detraction in New South Wale-S and its effects on the 
flow of water to water-courses and on the rainfall, hy W. E. 
Abbott, ^ — On the increasing magnitude of tj Argils ; on an 
Improvement in anemometers ; on the storm of vSepiemher 21, 
1828; on a new self-iccording ihermonieier ; and on the 
thundci-storm of Octobtr 26, 18S8, by H. C. Russell, 

F.R.S. — Notes on some minerals and mineral localities in 
the northern districts of New South Wales, by D. A. Porlei. 
— On a simple plan of easing railway curves, by W. Shell shear. 

' — On the anatomy and life-history of Mnllusca peculiar to Au.s- 
tralia; and on the desert sandstone, by the Rov. J. K. 'fcnisoiv 
\Yoods.—[ description of an autographic strtss*st rain apparatus, by 
i’rof. Warren. — Considerations of phylographic expressions and 
arrangements, by Baron Fcrd, von Moeller, K.C.M.G. , K. R.S. 
— Indigenous Australian forage plants (non -grasses), intluding- 
plants injurious to stock ; umie New South Wales tan sub- 
stances Part 5, by J. N. Maiden.— C< nsus of the fauna of the 
older Tertiary of Australia, by Prof. Ralph Tate. — Results of 
observations of comets I. and II., 1888, at Windsor, New South 
Wale*', by John Tebbutt. — The Latin verb jubux\ a linguistic 
study, by Dr. Jolm Fraser.— Notes on some New South Wales 
minerals (Note No, 5), by Prof. Liversidge, F.R S.— The 
Medical .Section held seven meetings, at which the attendance 
was far above the average ; the paper.8 read and specimens^ 
exhibited were interesting and valuable. The Microscopical 
Section held seven meeting?. The Clarke Medal for the year 
1889 had been awarded to R. L. J. Ellery, F.R.S., Govern- 
ment Astronomer for Victoria. The Society’s bronze medal 
and money prize of ;^25 had been awarded to the Rev. J. h. 
Tenison-Woods for his paper on the anatomy and life-history c*1 
Molluaca peculiar to Austmlin, and the Council has since issued 
the following list of suiijects with the offer of the medal and a 
prize of /aS for each of the beat reaearches if of sufficient merit 
(To be sent in not later than May 1, 18^) : The influence of the 
Australian climate (general and local) in the development and 
modification of disease ; On the silver ore deposits of New- 
South Wales ; On the occurrence of precious stones in New 
South Wales, with a description of the deposits in which they 
are found. (To be sent in not later than May i, 
mcLCorology of Australia, New Zealand, and Tasmania ; Ana- 
tomy and life history of the Echidra and Platypus : The micro- 
scopic structure of Australian rocks,— The Chairman lead the 
Presidential address, and the officers and Council weretlecCed 
for the ensaiag year. Prof, Liversidge, F.R.S., was elected 
President, 

Paris. 

Acadetoy of Sciences, July i.^M. Des Cloizeaux, Presf- 
dent, to the chair.— On a flow of molten glass occasioned by the 
accidental piercing of a glass furnace, by M. F. Fouque. An 
accc»nnt is given of the sudden e&cape of about 4bo,cxx> kilo- 
grammes of malten glass from the Clictiy la Gnrcnne arks, and 
a oomparison is drawn between the action of the discharge and 
that of volcanic lavas. The absence of bubbles near the surface 
of the former, and the other differences noticed between tlie two 
streams, ore attributed mainly to the different chemical composi- 
tion 6f the initial magma of each substance. The woUastonbe 
peculiar to dhe vitreous flow solidifies under very different condi- 
tions from those of the feldspars and ferru-magnesian builicates 
occurring to the molren lavas.— The thermo- chemical compared 
with the SQigicol method in the study of the animal organum, by 
Mi l^oppey^ In continuation of his recent communication on 
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«ttl>jectr the Author hare contnuits the Advantages and defects 
^ old And new proc^wseft^ showing how they are complex 
iiMntaiy oae of the other, and mhhi coodequeotly be associated 
in aU important anatomical researches* -^On the duration of light* 
ningi byM. T>&r^l Colladoa. Isdohnection with M. Trouvelot's 
recent fftote, the ththor claims priority of discovery, having shown 
ni^ years ago that in thunderstorms the flash Cannot always be in- 
stantaneous, and must last perceptibly longer than the thousandth 
part of a second ass^ned to it hi A^eatntone. —Presentation of a 
vokime of the ** Annales de rOlwervatoire de Paris : Observa- 
tions de by M. Mouchez. The delay in issuing this 

volume is mamly due to the greatly increased number of mwidhih 
observations which were required to complete the revision of 
Lalandc's Catalogue. The volume for 1 884 is already half printed. 
— Noteaccompai^ingthe presentation of M. Ch. Ed. Guillaume's 
work entitled “Trauif Pratique de la Thermometrie de Pre- 
cision,'' by M, Cornu* In this work is embodied a summary 
account of the researches that have been undertaken by the 
International fJureau of Weights and Measures for the purpose 
of removii^ the defects in the mercury thermometer, and 
giving the required degree of accuracy to thnt instrument. 
— On A new appdrntus for zoological and biological research 
at determined marine depths, by Prince Albert of Monaco. 
With a view to remedying the defects of the instruments used in 
the expeditions of the Chanenger^iYie. Blake^ and the Vettor Pisani, 
the author has prepared the instrument here described and illus- 
trated, It is c onstructed on entirely new principles, and may 
l>e let down closed to any desired depth, then opened for purposes 
of observation, and re-closed before being brought to the surface. 
With this appliance Prince Albert has operated with satisfactory 
results to a depth of 500 metres in the Madeira waters.'— 
Influeftce of temperature on the mechanical properties of metals, 
by M. Andre t.c Chatelier. The mechanical properties of the 
. metals at the different temperatures to which they are exposed 
in the vanous industrial processes have hitherto been little 
studied. The author here describes a series of researches that 
be has undertaken chiefly for iron and steel, but als ) for copper, 
zinc, aluminium, silver, nickel, and sundry alloys of copper, iron, 
and nickel. The results of these researches show generally that 1 
the mechanical properties of these metaU are gradually modified j 
with increased temperature. The detailed results obtained for i 
iron and steel arc rescrveit for a future communication. — On the 
malonates of barium, by M. Mossol. The neutral malonates 
CHg(COO)jBa. 2H3O and H« 0 , with their respective heats | 
of solution and heats of formation, arc desciibetl.— On the 
sardine fisheries on the coast of Brittany in 1888, by M. I 
Georges Pouchet. The shoals were fully as abundant as in 1887 ; 
but for some unexplained reason there was a total suspension of ' 
the fisheries from about June 28 to July 20, during which period 
the sardines everywhere disappeared from the seaboard. — On the j 
scales and palcateous epidermic glaniU of Globularia and Selago, | 
by M. Edouard Hcckel. During his general anatomical re- | 
scare hes undertaken to establish a histotaxic classification of the | 
GlobularicBe, the author has detected in some species certain pro- j 
minent anatomical characters, which appear to have escaped the I 
notice of the numerous botanists who have occupied themselves j 
with this family. They are described a? calcareous epidermic i 
glands of a scaly type, and are regarded by M. Heckcl as | 
condensed hairs clothing the outer surface with granular and ; 
crystalline calcareous concretions, instead of secreting an internal 
cystolith and lo.alizing it in their unicellular chamber, as is the ! 
case with the Urticcm, Verbenaceae, and some other families. — 1 
On the occurrence of a granuUte with riebecklte characters In t 
Corsica, by M. Urbain Le Verrier. A microscopic study of this j 
rock, which occurs in large masses about the middle of the west i 
coast, shows that it is a hornblende of a special type, presenting 
the characters of the ricbcckite recently described by M. 
Sauer. — On the leaves of Lepidodendron, by M* Bi Renault. 
Since his last communication on this subject nmfus, 

Novem^r 3 ^ the author has found a considerable number 
of leaves of Lepidodendron in the fossiliftrous quartzes of 
Combres, de Lay, and Esnost near Autun. Some were still 
attached to the branches of rModumnenst and t. esnoiiinsu^ 
and the present paper is restricted to a description of the former 
species. — 7 'hc Quaternary stations in the neighl>our]iood of 
Lorrezde-Bocage, .Seine-et* Marne* by M. Armond Vire. la 
these stations, numhering about ten, and distant 35 l^iieii from 
Pai’is, M. Vire has collected several thousand flint mstrumeots 
and weapons of different types, ^besides a few fragments of a 
blackish unomameated pbttery. 
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Baron Nordenskiold exhibited some fine specimens of minerals : 
from Norway, sent as a gift by Dr. Jellef Dahl. — Prof. NllaOn 
reported upon an invest^ation by himself and Prof. O. Petter- 
son on the molecular weight of chlor-aiuminium. They 
have found that it is expressed by the formula AlCtg and not 
by os given by Friedel and Craft. —On some definite 

integrals, by Dr, Lindman. — Observations on the tidal waters 
at Polhun in Spitzhergen, by Prof. Wqkander. — On the am- 
moniacal combinations of iridium, by Herr W, Palmar.— On 
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Ornithological observations made during the year 1887 at 
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THURSDAY, JULY 18, 1889. 


THE PROPOSALS OF THE COMMISSIONERS 
I^R THE EXHIBITION OF 1851. 

T he Statement which the Commiasioncrs for the Ex- 
hibUion of 1851 have recently published, concerning 
their hiture policy in dealing with their Estate at Kensing- 
ton Opre, is a reply to the memorial of the Metropolitan 
Gardens Association, a memorial in the same terms as 
that printed in Nature of May 9 (p. 25). From the 
Times of July 9, it appears that various public bodies, 
Corporations, &c., who had memorialized the Commis- 
sioners, have been supplied with copies of this Statement 
The result has been that further remonstrances have been 
addressed to the Commissioners. The Statement to which 
we refer is drawn up in ten paragraphs, the first of which 
quotes a sentence from the Commissioners’ Charter of 
Incorporation, to the effect that they arc to apply their 
resources to increase the means of industrial education 
and extend the influence of science and art upon pro- 
ductive industry.” By the side of this we may place a 
passage from the second Report of the Commissioners — 
the Report, in fact, which laid down in 1852 the broad 
lines upon which the Commissioners determined to act. 
The passage runs thus ; “ We are of opinion that if the 
surplus” (profits from the 1851 Exhibition) ‘*were applied 
in furtherance of one large institution devoted to the 
purposes of instruction,” &c., &c., *'it would be productive 
of important results ; whilst if subdivided amongst local 
institutions,” &c,, &c., “ the effects produced would be 
comparatively insignificant ” 

The second paragraph of the Commissioners’ State- 
ment enumerates the number of museums and schools 
founded upon their estate, which form the one large 
institution ” originally contemplated. These, they state, 
prove “ that their scheme has been in a great measure 
successful.” 

In the third paragraph the Commissioners argue in 
favour of now selling, leasing, or otherwise disposing of 
portions of their estate in order to do something more for 
promoting science and art than granting sites for public 
institutions. They then refer to the representations made 
to them, about i87if> by a deputation from certain large 
towns in England and Wales, with the object of obtain- 
ing funds which might be distributed as grants in aid to 
the formation of provincial Museums; and they explain 
why they rejected those representations at that time. The 
Commissioners' wisdom on that occasion has been justi- 
fied by the number of important local municipal Museums 
of science and art which have been created by local effort^ 
and Government aid, as at Birmingham, Manchester’ 
NoUin^tn, and elsewhere. 

‘With nfrspect to paragraph 5 of the Statement, which 
an expression of public antipathy “to the 
of public institutions in one locality” (South 
{Conatt^too) of London, it may sudice to say here that the 
Cetnep^skmers did not lbOl the force of the arguments 
MV^ced i^inst piao^g the Imperial Institute at South 
But now* upon reoonsidorBtion* they admit 
^^vgisnetal Justice of tte tepresontitions from the countiy 
and feopi ^e metropolis (two years 


ago). They accordingly announce their intention “of 
disposing of portions of their estate for private building 
purposes ” so ns to raise “ a considerable income ” to be 
applied first to the reduction of the mortga^ debt on 
their estate, and next to “ the establishment of Scholar- 
ships ” for science and art, and to the making of grants 
to “ provincial local institutions.” 

This new departure was in ovo at least a year ago. 
Six months ago it was estimated that the portions of the 
“inner court” of the estate which the Commissioners 
were determined to sell “ for private building purposes 
would Ijring in an income of /io,ooo a year. Recent 
circumstances have slightly modified the disposal of so 
large a portion of the “ inner court ” of their estate for 
private houses as was at first intended. There arc 
difiiculties in at once making a new public roadway 
from east to west across the northern gardens of the 
estate — it may be mentioned as a detail that this 
road is to be driven through the existing Science and 
India Museums — and housebuilders, not unreasonably, 
cannot come to terms with the Commissioners until these 
difficulties are got rid of. Jn.stead, then, of aiming at 
/^lo.ooo a year, the Commissioners contemplate getting 
an increase to their income of between /5000 and ^6000 
a year. 

In thus diminishing their estimated new income by 
^4000 or ^5000 a year, and so reducing it to ^5000' or 
^6000 a year, we have it on good authority that the 
Commissioners do not intend to devote any of this money 
to the Imperial Institute. It is to be used, as shown in 
the Statement, (1) for the reduction of the mortgage 
debt, (2) for establishing Scholarships and Exhibitions, 
and (3) for making grants to “ provincial local institu- 
tions ” It is urged that no pressure in respect of clear- 
ing the mortgage debt on the estate exists. Last ytar it 
was 141,000. ;C5ooo has just been paid off, so that it 
now amounts to some ^136,000. In 1887, the announce- 
ment was made that in the three years from 1884 to 
1887 the large sum of ;^40,ooo had been paid off. The 
regular income of the Commissioners amounts to 
£i2poo from ground-rent and other sources, so that the 
repayment of the debt, under the mortgage upon the 
estate, is said to be in a healthy state, thanks to the shrewd 
economies and management of Sir Lyon Playfair. The 
founding of Scholarships and Exhibitions, as now pro- 
posed by the Commissioners, was certainly announced as 
one of the functions of the Imperial Institute. Accord- 
ingly the question has been asked, and not perhaps 
entirely without some sort of reason, why are the Com- 
missioners to set about the same work as well, especially 
when in 1879 they decided against proceeding with a 
scheme of Scholarships which they had in contemplation 
at that time ? An impression— as we now know, an 
erroneous one — is abroad that the revival of the Scholar- 
ship scheme and the sale of land for private houses are 
not due solely to an ingenuous wish on the part of the 
Commissioners to do the best for their public trust. 

We are invited by those who disagree with the Com- 
missioners to turn to the time when the Imperial Institute 
scheme wns floated early in 18S7, and when there was 
some discussion over the appropriation to the Institute 
of the !ahd at Sooth Kensington, Prof, Huxley warmly 
espoused the cause of an Imperial Institute, for reasons 

N 






\vhkh he exphuned ; but he ne^g^rdtd a cotjgeries of Colo- 
idt^ and commercial samples, referetice libraries, 

eitttference and commercial intellifence rooms, deposited 
at South Ken&in^on, as “fish out of water/’ Its proper 
habitat, according to the Professor, would be in the midst 
of pten of business— in the City. To this a “ Member of 
the Committee of Management of the Imperial Institute” 
responded by a letter in the TOnes, supporting the location 
pithe Institute at Kensington, with arguments of economy, 
4 c. He Tf pasted, with a fervour which we are told 
might be ascribed to an original Commissioner for the 
Exhibition of 1851, and which should therefore have 
pre^'^enied the Commissioners from proposing to sell any 
part of ihcir estate for building private houses, that the 
land at South Kensington had been “ bought for the 
purpose of affording sites for public institutions by the 
far-seeing wisdom of the Prince Consort.” 

To elucidate the intentions of the Imperial Insti- 
tute, Sir Frederick Abel gave a public address in 
the spring of 1887, in the course of which he said 
that “ the organization of facilities, combined with mate- 
rial aid^ to be provided to young artizans who shall 
afford some legitimate evidence of superior natural 
intelligence, and a striving after self- improvement, to 
enable them to abandon for a time the duty of bread- 
winning, and to work at one or other of the technical 
in London or the provincial centres, will be an- 
other object to which the resources of the Institute 
should be applied very beneficially.” Not only was this 
to be in respect of “ technical education ” it was also to 
benefit “ commercial education.” Briefly put, one of the 
aspirations of the Imperial Institute was to establish 
Scholarships and Exhibitions for technical and com- 
mercial education. We can well understand the neces- 
sity at the time for publicly developing as fully as possible 
the intentions of the Institute, Half a million of money 
was openly quoted by its promoters as the amount 
necessary to the launching of the Institute. The recently 
published accounts show that the expectations of the 
promoters have not been completely realized, for not 
more than £300,000 has been collected for the Institute, 
and of that, .some £140,000 has been set aside as an 
endowment fund to work and support the Institute. We 
may take it, then, that the Institute will start with an 
income of about £5000. Two years of “general adminis- 
tration,” as it is termed, have cost £9134, of which £5236 
went in salaries and wages. If these data of the expen- 
diture, which has been incurred before the Institute is in 
working order, give any insight into what it will cost when 
at work, it is obvious that some portion of the Institute's 
proposed functions must be suspended. 

But with this explanation of the situation, and notwith- 
standing the authoritative contradiction to the suggestion 
that the Commissioners are going to provide funds for the 
Imperial Institute, the Commissioners' opponents argue 
that, since many of the members of the Imperial Institute 
Committee are also Commissioners for the Exhibition of 
1851, it is outside human >iaturc to suppose that the 
ambitions of the one body exert no influence upon the 
actions Of the other. And bo, without actually putting 
money into the coffers of the Imperial Institute, the 
Commissioners may do as good, by undertaking the 
Ibundation of those Scholarships and Exhibitions which 


the Imperial Institute may not seh 
been our wish, 

arguments which to (he\.,C0tOthis$io^ 

proposals, to examine thein m all faim^ 

We may now set mypaxt dismUS tho sopicsKirelatihg to- 
the Imperial InstiiiiiW) and hffer a ^maritS upon the 
Commissioners' prt^ihls tp estab^h ^ch^arships and 
make grants in aid of **|rtfovinciii local inathutions.” 
The Conwnissioners are incorporated “to increase tlm 
means of industrial i^ucation, and extend the influence 
of science and art upon productive industry.” One of 
their first steps, towards giving effect to the new pro- 
posaU, must be' to arrange for fmlUng down considerable 
portions of the buildings which house scientific and 
artistic collections. These operations will no doubt tem- 
porarily interfere with the study of those collections by 
the public from all parts of the country. This, however, is 
a minor point as compared with an apparent omission, on 
the part of the Commissioners, in framing their proposals, 
to take into account what the public have actually done 
towards establishing a system of science and art Scholar- 
ships, and towards securing grants in aid of provincial 
local institutions. A great organization, developed in 
the course of many years* experience, has arisen ; it has, 
and must continue, to co-operate with local effort in 
extending the influence of science and art upon produc- 
tive industry, so long as there is any local effort and any 
Parliament to appreciate that fact. This organization 
conics under the administration of the Vice-President of 
the Committee of Council on Education ; its history and 
modus operands are known to such Commissioners as^ 
Mr. Mundella, Sir Lyon Playfair, and Sir William Hart 
Dyke. The two former, it is almost needless to say,, 
held the office of Vicc^Vesident before Sir William 
Hart Dyke, the present Vice-President, All these, how- 
ever, have helped in continuing the policy of Mr. Lowe 
(now Lord Sherbrooke) and the late Mr. W. E- Forster — 
a policy, the central feature of which is to multiply the 
forms of Parliamentary aid to local bodies which take 
the initiative in themselves providing local means to ex- 
tend the influence of science and art upon productive in- 
dustry. Mr. Mundella, Sir Lyon Playfair, and Sir Wiiliam 
Hart Dyke surely have brought their experiences before 
the Commissioners, in the discussions, upon the new 
proposals for Scholarships, and aid to provincial inaiitu- 
tions. They must have told the Commissioners of the 
flourishing and growing co-operation between local effbrt 
and Stale aid ; they must have explained the methods 
of its administration, and proved that experience anti 
funds are necessary to pay for and organize an exe* 
cutive staff for the discharge of the same or similar 
functions towards science and art and local provincial 
institutions as , are now discharged by Govemment 
Roughly put, the Government aids to local effort are;; 
(?) building grants for science and art schools ; {2) grihta 
towards the equipment of such schools ; (3) granta towards 
the purchase of objects for local Musetuns; (4) granta 
towards founding local Scholarships and Exhibitions ^ 
(5) grants of national Scholarships and roaintenaisce^ 
allowmrces whilst tlie holders of, these Stholar^po ater: 
undergoing instruction at one or other of the dim# 
prominent acieace and art insdtutions of $ 

and (6) grants of Bcht^arshipia 74 e lotld 




of varif^i«s of grants, so far as Government is 
<mce?;nod, according to the Patliamentary 

Kstlmatesj to por less than 20,000 a year. It is difficult 
to estimate hov/ much local effort contributes! how much 
nuihicipalitles give out of local rates, how much private 
individuals give, dtc. But putting aside great donations 
of tens, twenties, and thirties of thousands of pounds, j 
towards building schools of science and art, technical | 
achools, and provincial Museums, something like j£40,ooo { 
a year we contributed by local effort, to meet which the j 
yearly Government grant of probably £2opoo i$ made, ' 
It seems unlikely, but we shall gladly accept correction if ; 
we are wrong, that the Commissioners can allot more than 
;£400Qa year for Scholarships and grants to provincial in- 
stitutions. The beneficial and judicious administration of 
this j{,‘4ooo would probably cost almost as much as if it 
were 20, 000 a year. Have the Commissioners funds to 
pay for such administration ? Apparently they have not. | 
Will they therefore ask Government to administer their ! 
proposed grants? Government has certainly hitherto 
rather rebuffed advances of help made by the Commis- 
sioners, so that we confess to not at present perceiving I 
how the Commissioners can successfully carry out pro- | 
posals which seem to be beset with dilemmas. I 

On the other hand, if the Commissioners offer their | 
aid to the country for its unconditional acceptance, it I 
seems to us that they may be open to the charge of j 
weakening local effort, and thus of decreasing the means ' 
of extending the influence of science and art upon 
productive industry. They realized, in 1852, that the 
subdivision of their means amongst local institutions 
would be productive of comparatively insignificant effects. 
A subdivision of smaller means, now that a new condition 
has arisen, docs not under present circumstances appear 
to give better promise* The sacrifice of part of their 
estate, and the temporary disarrangement of a section of 
the national institutions upon it, are hardly warranted by 
what, at present, seems to be a scheme in embryo, the full 
development of which is not, in truth, forecast. 


THE CYSTIDLA OF BOHEMIA. 

Systems Siiifrien du Centre de la Bohime, i&re Partic, 
Recherches t’aldontologiques. Continuation ddit^par 
le Mqs^e Bohdme. Vol. VII. Classe des Echino- 
dermes. Ordre des CystidSes. Ouvrage post home de 
feu Joachim Barrande, public par le Docteur W. 
Waagen. Pp. i.-xvii., 1-233 ; Plates I.- XXKIX. 
(Prague, 1887.) 

T O few is it given to accomplish the life-work that they 
have planned. Joachim Barrande, vast though his 
self-ordained task was, came nearer to his goal than do 
most men. Before the death of the venerable author in 
1883, he had made some way with the last volume of 
the colossal “ Sysi^me Silurien du Centre de la 
Bohdme.” The present work was destined to form 
the first section of Volume VII., “ Echinodermes du 
Sysl^jme Silurien. The plates were ready, the general 
portion of the work written and partly printed, and, on 
! his death-bed, Barrande was still tracing out the de- 
scriptions of genera and species. The book has been 
completed by Dr. W, Waagen, who was appointed, in 
Barrande’s will, editor of this volume. His admirable 
preface is rendered of practical value by the insertion of 
a complete list of Barrande’s writings from 1846 to 1881. 

The work itself is on the plan and in the style already 
familiar to us. It opens with an historical and critical 
; account of the literature dealing with the Cystidea of the 
^ thirteen Silurian regions of the world. The term Silurian 
I is, of course, used in the broadest possible sense. Even 
j Sardinia, as one of these regions, has a section to itself, 
I though the cystids of Sardinia have had less written 
i about them than the snakes of Ireland. This retrospect 
1 brings us to 1883 ; the few observations published be* 
! tween that year and the end of 1887 do not affect the 
I present work. 

I The second chapter is devoted to the morphology of 
[ the Cyslidea, chiefly as exemplified in the Bohemian 
j fossils. The arms especially are discussed at great 


Without more precise information, therefore, we are i length, and several tables show their presence or absence 
ra^er driven to conclude that an effective and beneficial in the various species as yet known to science. 

•scheme of Scholarships and grants in aid of provincial Then follow the detailed descriptions of the genera 
institutions is beyond the reach of the Commissioners. and species of Bohemian cystids. No classification is 
Under the presidency of the Prince Consort, the Com- followed. On p. 49 a classification is indeed proposed, 


paiasloners took pains to collect a m^ss of information according to the number of major openings in the calyx, 
in regard to what had already “ been done by the public This arrangement, however, is impracticable, and ap- 


In this country to promote the interests of science and parently unnatural. Its chief merit is its simplicity ; 
the arts, and the diffusion of scientific principles amongst and yet, as the author naively complains, it is not so 
thcrttt engaged in their practical application/' Thirty-six incomparably simple as the attempt of a certain English 
yoMTs ago they placed on record the evidence which led palaeontologist to classify Silurian cephalopods according 
them to the opinion ‘^that much seal has been shown in to their curvature. The order of description is therefore 
thk If they would pause now, they might very alphabetical, the only divisions being those of the three 

- well and ti$efuUy do again what they did thirty six years faunas. Such an arrangement, however, by no means 
agq^irect their inquiries partlculariy to the new deve- does away with the necessity for an index, and the absence 
and results of this seid as demonstrated by its of that indispensable aid to the practical worker is the 
preiik^t co-operation vdth State aid Thh result of such one great fault that we have to find with the work. At 
inquiries could but prove of high value to the Commis- the present time some 240 species of Cystidca arc known, 
iib^rii atui hdght, we venture to think, lead thern to the and these belong to about 70 genera. The Bohemian 
that their presfeiat proposals are half a century species number 78, two varieties worthy of a name, and 
W&i listed preservation of their estate, with its one or two indeterminable fragments. Of these species, 

already existing and ?<> are here described for the first lime, and the majority 
is really alKeast of the serious wants of them belong to new genera, of which 23 are hcreesta- 
■ biished. There are also represented the genera Age/e- 
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^nus of Vanuxem, AUkcystis of Billings, Echinosphacra 
of Wahlcnbcrg, Lichenoides^ Trcchocystis^ and Rhombifera 
of Barrande, th« latter formerly referred by him to the 
Pteropoda ; and, lastly, the undefined Cysiidea, which is 
reserved for the reception of eight or nine doubtful forms, 
some of which may, at a future date, form the types of 
yet more genera. It should also be noted that one species 
— Echimsphaerites infaustus^ Barr, — has been talcen by 
Prof. Neumayr as the type of his genus Arachnocystis. 
The same authority refers the somewhat doubtful 
Rhombifera mira to Stepkanocrinus^ and points out 
that Staurosonia is the same as Tiaracrinus of Schultze. 

The genera of this group have been peculiarly unfortunate 
in the names attached to them. It is no longer necessary 
for palmontologists to cumber their generic names with the 
termination iUs, This peculiar corruption of X//?oc seems 
to set a stigma on fossils, as though they never had been 
living beings after all. The neoOtologist is ready enough 
to throw stones at the palaeontologist ; there is no need 
for the latter to supply him with ammunition. Prof. Lovdn 
dropped this affix when editing the Cystidea in Angelin's 
“ Iconographia Crinoideorum," and surely the names are 
long enough without it. Of far more importance is the 
correct use of the terminations cystis^ crinus, b/asius, tind 
the like. We extend indulgence to certain old authors 
who gave such names as Agelecrinus and Cryptocrinus to 
' cystids before the Cystidea were distinguished as a class ; 
but when once the divisions were recognized, we must 
suppose that the eminent palaeontologists who used these 
terminations attached to them some meaning. Even in 
1843 we find Messrs. Austin suggesting that the names 
Sycocrinites^ Austin, and Echinocrinus^ Agassiz, ‘‘require 
amendment, as their terminations imply affinities which 
do not exist.” Apiocysth means a pear-shaped Cysiid, 
just as Apiocrinus means a pear-shaped Crinoid : the two 
terminations are not interchangeable. Posterity, for whom 
we labour, will lament that we had not the strength of 
mind to correct such names whenever we saw them to 
be misleading ; but we ourselves should surely blame 
most severely those who still add to our perplexity. Why^ 
for instance, should Prof, von Koeneti give the names 
Cofjlocrinns and Juglandocrinus to two genera Which he 
himself describes as Cystidea ? In no other branch of 
science would such a use of language to conceal thought 
be tolerated. The present work we are glad to find free 
from such flagrant absurdities. The errors of nomen- 
clature are slight : the name Atelecysiis^ Billings, the 
validity of which was upheld by Dr. H. Woodward, is, 
chough not consistently, supplanted by its synonym 
Anomalocystis j there is also a want of consistency in 
writing Pyrocystites pirum. No attempt, however, has 
been made to revise the nomenclature of cystids foreign 
to Bohemia, in which direction much will some day have 
to be done. 

Chapters iv. and v. are devoted to the geological and 
geographical distribution of Cystidea in general and of 
Bohemian cystids in particular. Chapter vi, describes 
the variations seen in the Bohemian species. The seventh 
and last chapter discusses the connection of these species 
with those of other countries. These questions are Worked 
out, from a statistical if not from a philosophical point of 
view, in a large series of tables ; a few graphic curve* 
diagrams would have been a mote helpful guide through 


the wilderness of figures. The numbers of the species 
found in the various beds of Bohemia are 

c. til. d4. et, ra. /%• /«. 
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This vertic^ distribution agrees in its main proportions 
with that observed in almost all other countries. The 
chief exceptions are the States of New York and Wis- 
consin, where a relatively large number of species are 
found in the Niagara limestone, and England, where 
seventeen species are recorded from Ordovician beds and 
nine from the Wenlock limestone ; none of the Wen- 
lock genera occur in the corresponding beds of Bohemia. 
The geographical diffusion of the Cystidea is very slight ; 
the most widely distributed genera are Agelecrinus^ 
Atelecystis^ and Echtno$ph(ura. 

These elaborate comparisons and tabulations are, how- 
ever, a little bit out of place in dealing with such a hetero- 
geneous assemblage as the Cystidea. They are not a class, 
but a collection of puzzles to which we relegate allechino- 
derms that will go nowhere else. Barrande does indeed 
attempt a definition (pp. 23'-24), but not one character men- 
tioned is common to all Cystidea. What one really looks 
for in such a monograph as the present are new facts that 
may throw light either on the connection between indi- 
vidual genera and other classes of the Echinodermata, or 
on the origin and meaning of the various peculiar organs. 
Taking as guide the motto of Barrande, Cestce que fai vu, 
we shall enter into no speculations, but shall mention 
such facts of morphological importance as appear to be 
new. The state of preservation of the Boheifnian Cystidea 
is exceptionally bad ; but it would be hard indeed if so 
rich an assemblage had not yielded to such an observer 
some interesting results. 

Following the order adopted by Barrande in his second 
chapter, we begin with the stem, Tht stem of the Pel- 
matozoa typically consists of a single series of cylindrical 
joints with a central perforation. In the earlier crinoida 
the lumen is comparatively large ; in most stalked cystids 
it is still larger. In Atelecystis, Mitrocystis^ and Trqcho- 
cystis, the proximal part of the stem consists of a double 
series of alternating plates which are thin and inclose a 
large hollow. In ArachnocysHs the whole stem consists 
of four or five scries of alternating plates. In DindrocysEs 
the plates forming the upper part of the stem can only be 
distinguished by their smaller size from those forming the 
calyx ; below they merge into the normal aeries of single 
joints. Cigetra Dusli is the fanciful name given to a stem 
entirely composed of small irregular plates, and probably 
belonging to Lapilhtystis fragilis. These facts fojrcitly 
suggest that the Pelmatozoan stem originated as a mere 
evagination of the perisome. The curiously dongatb 
Piiocystis (PL II, Fig, 26) may represent a still earlier 
stage in its evolution. 

' The test of Cystidea has usually been regarded luf 
composed of one simple layer of plates, £ichiy|^d^ hi 
Lethaa Rossica, mentioned an epidermis, but seisms in 
many cases to mean by this nothing more than the 
outer surface of the plauiji, Lovdn, in nis monpgriph on 
PokrinUsidf seem^ to assume the existence of three «|e- 
ments or layers in thf test Barrande, however, 
the first to condu^aly demonstrate in a 
genera the tnaih j^yer of tho hody-^ttes it 
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inside and outside, by thin ^pidemtes^* which appear to 
have been partially calcified. Aristocystis is the genus 
a^brding the most abundant material for the study of 
these coverings, but they have also been observed in 
Ar€^hn 0 cystis^ Craterma, Dendrocystis, NeocysUs, Oro- 
cysiit^ ProUacystiSt and Rhombifera (/>* R. bohemica) \ of 
Dmt 0 iysii 5 and PtroeystiSy the inner lining is the only 
pan known. In ^f^trocysHs the great difference between 
the internal and external impressions {vide p. 65) may be 
due to the presence of an inner lining. The outer layer 
is continuous, and covers up all the pores of the body- 
plates ; sometimes it is even thick enough to conceal 
their sculpture and the sutures. The inner lining appears 
to have passed up into the pore-canals, and to have been 
itself pierced those points. There is, of course, no 
reason to suppose that this structure of the test was com- 
mon to all the forms which we call Cystidea, but the 
observations of Barrande have undoubtedly opened a 
new field of investigation. 

It has hitherto been usual to classify the Cystidea 
according to the disposition of their pores. Facts 
recorded in the present work are opposed to such an 
arrangement. In the simplest type, canals run right 
through the inner lining and the principal layer of the 
test, usually in a curved course ; we may call these “ hap- 
lopores ” ; they are best seen in Aristocystis bohemica. 
In other species of Aristocystis ^ e.g. A, subcylindrica and 
A. grandiscutum, the distal ends of two adjacent haplo- 
pores arc often connected by a horseshoe-shaped groove 
on the surface of the middle layer. In the allied Cra^ 
terina this groove appears to have expanded into an 
oval depression into which open the two canals. This, 
” the familiar diplopore, is also seen mProteocystis. In all 
these forms the pores do not open to the exterior, but are 
closed by the outer layer ; the horseshoe groove and the 
oval depression are therefore nothing more than closed 
horisontal canals connecting the vertical canals ; in these 
genera, at all events, the canals can have had nothing to 
do with tube feet. The structure of the hydrospire 
elements in such forms as Echinospkaera^ Arachngeystis^ 
CaryocystiSf is essentially the same ; that is to say, two 
vertical canals connected by a closed horizontal canal ; 
the only difference is that the two vertical canals are 
separated by a suture line instead of being on the same 
plate. From a position originally just beneath the outer 
layer these horizontal canals seem to have sunk into*the 
main layer of the test, and in Caryocrinus they are 
actually internal Rkumbifera {sc. bohemiedj and Homo. 

show the gradual specialization ef certain portions 
of the test as canaUbearers ; here it seems that the 
horiznntal canals become more developed in proportion ; 
in iket, they appear eventually to assume the whole 
function, whatever it may be. In such forms as Lepado- 
they alone remain, and here they np longer con- 
nect the adjacent plates, but are transformed into two 
senate sets of folds. As to the function of these organs, 
Barrande tegfards it as respiratory, but drops the term 
^ quaint reason that they show no 
sttuctprcv Instead, he calls them hydf^ophores, 
also applies this term to certain organs which can 
be homologous with pore^rhombs. Around an 
^ interior Of the calyx appears divided ioto 
from the openitig there passes into 


each compartment a branch, which subdivides into five 
or six smaller branches, and each of these ends in a 
double tubercle. It is impossible to see whether these 
branches were hollow tubes or no ; they have no connec- 
tion with the exterior, except at the central opening. 
These kydrophores palm^es occur in Aristocystis^ Pira- 
cy sits ^ and Craterinay forms already abundantly provided 
with canals : though simulating the hydrospires of Blasto- 
idea as seen in section, they have an exactly contrary 
position. Neumayr thinks that the opening which they 
surround is the mouth, and that they arc subtegminal 
ambulacra! grooves. How this can be, when their distal 
ends are unconnected with the exterior, is not easy to 
understand. Barrande, moreover, cannot say whether 
they are at the oral or aboral pole, A comparison of 
Figs. 28 and 32 on PI, XXIX. suggests that they are at 
the aboral end, and that the large opening represents the 
axial canal of the stem. May they not be connected 
with nerve-cords passing from a chambered organ? 

As regards the major openings of the Cystidean calyx, 
the accepted views are confirmed by Barrande. Some- 
what unaccountably, however, he speaks of the anus of 
AgeUcrinus as the mouth (p. 84) ; perhaps he intended 
to quote Vanuxem, in which case the oversight is the 
editor’s. In addition to the mouth, anus, and genital 
pore, Barrande describes for Aristocystis a slit-like 
aperture close to the mouth. This he regards as an organ 
hitherto unknown. At the same time he points out that 
its position is similar to that occupied by the peculiar 
folded structure described by Volborth in Sphaeronis 
Leuchtenbergi. More closely still does it resemble the 
‘^reniform groove,” or “semilunar pore,” figured by 
Forbes in the fossils which he called Apiocystis and 
Echinoencrintis. We notice that Atdccystis is still 
quoted as having anal and genital openings, although 
neither in this genus nor in its near relation Mitrocystis 
do the Bohemian species show them. The fact is that 
even in A. forbesianus they have never really been found ; 
the appearances described are only accidental. The true 
openings in all the Anomalocystidae must be looked for 
in the neighbourhood of the arms. 

Although Barrande enters very largely into the question 
of the arms, he has brought out no results of importance. 
The arms of Arachnocystis infausta are perhaps more 
developed than those of any other cystid ; it is curious 
how closely they resemble the stem in structure ; one 
would almost imagine that they had originated in the 
same manner. A similar structure is observable in the 
process of Dendrocystis which Barrande regards as a 
ventral tube : there is, however, no reason to call it 
anything but an arm ; and at the same time we may 
remember that the ventral tube of Potcriocrinus, to 
which Barrande and Trautschold have compared it, is 
not improbably itself derived from ^an arm. 

Such are the points of greatest morphological interest 
in this fascinating work. Many peculiar and wonderful 
forms, such as Acantkocys/is, TrochocystiSy NeocystiSy 
MespilocysHsy Ascocystisy and Cystidea nugatulay must be 
passed by with mere mention. The question of classifica- 
tion we have left where Barrande preferred to place it— 
on the shelf. Systematists may even wish that many a one 
of these new forms bad been left in the earth -^impertum 
et sic melius situm—tXiH ,not dug up to disturb existing 
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arr9i>g«mentfi. We would not, however, seem ungrateful; 
rathfe^ let us hope that the future parts of this volume, 
deprived of the care of the great paleontologist, 
trtaiy be equally fraitful of new and interesting facts, and 
that, in the hand! of Dt. Waagen, they may, no less than 
thik one, add atill fresh lustre to the name of Barrande. 


TBXT^BOOK OF PATnOLOCfV, 

Texi‘lfO 0 k of Pathohgy. By Prof. D. J. Hamilton. Bp. 
(London; Macmillan and Co., 1889.) 

A broad, it is usual for a pathologist to devote his ' 
whole life and energy to one subject, and to pay ! 
little or no attention to the clinical side of disease, con* 
centrating all his attention on the anatomical and histo- 
logical aspect. This system has both its advantages and 
its defects. As his future success in life depends solely 
upon his reputation as a pathologist, he is stimulated to 
wriws frequently and much ; and one practical outcome 
is a large number of books, in both German and French, 
on pathology. These are pf very Varying excellence, 
some being mere compilations of the current standard 
works, while a few repiesent the results of a mature ex- 
perience. For naked-eye pathology, English students have 
an Atncqualled work in Wilks and Moxon’s “Pathology,” 
of which a third edition has recently appeared. Morbid 
histology is a science of comparatively recent date, and 
English authors have hitherto confined themselves to 
writing short manuals for students, which have been 
supplemented by translations of the more elaborate 
foreign works. 

This Pathology” is the first English book which has 
attempted, in its completeness, to compete with the larger 
Continental works, and as it is the outcome of several 
years' experience, of one who is already well known for 
original work he has published on many of the ques- 
tions, it will meet with *a hearty welcome. The author 
takes a vef^ wide view of pathology, and includes under 
this term morbid anatomy, pathological histology, physics, 
chemistry, and comparative pathology. Theoretically, 
this is undoubtedly right ; but it is extremely inconvenient, 
when a book overweighted by collateral subjects; and 
we think the author w^ouid be well advised in a future 
edition, to omit the chapters on bacteriology and on the 
experiments which he conducted to illustrate the circula- 
tion of the blood. The greater portion of the informa- 
tion on bacteriology is of necessity a repetition of what 
is given in any text-l>ook on the subject, and is therefore 
superfluous, Except for the purpose of making the book 
theoretically complete. The experiments on the circulation 
should be relegated to a book on physiology. 

The book commences with a very full account of the 
method of jtiaking a uctio cadaveric with which w-e would 
in the main agree. Our experience, however, is entirely 
opposed to the separation of the heart from the lungs in 
the body, as he directs. We believe much more may, in 
a difficult case, be made out If the lungs and heart be re- 
moved, and examined together, the amount of blood in the 
various cavities of the heart having been previously noted. 

One of the most t^luable portions of the book is that 
which deals with the preparation of specimens for tha 


museum and for microscopical examination^ For the 
preservation of intestines and other deUcate Usaues a» 
jar-specimens in a nauseam, the author recommeRds a 
saturated solution of boracic acid ; and for eyes, brain, 
&C., glycerine jelly. Full details are given for the pre* 
paraiion of large sections of the brain by the gelatine^ 
potash method devised by the author, by which he ha# 
been able to uniformly expand the sections, so as to more- 
readily $how the course of the various bundles of fibres. 

The middle third of the book is occupied by a discus- 
sion of general pathological processes. The phenomena of 
inflammation are very fully discussed, and the author gives 
a good rksunu of the views now held on the subject, and 
also, of hie own conclusions. He considers the blood- 
pressure to, be the cause of the extrusion of the cor- 
puscles which occurs in inflammation. In discussing the 
phenomena of inflammation of the cornea, he concludes 
that at first there is an influx into the cornea, which 
distends the canals and breaks up the endothslial plates ; 
as a consequence, the so-called branching cells of the 
cornea, w'hich were really the liquid in the plasma spaces^ 
disappear ; at the same time the nuclei of the endothelial 
phtes proliferate. The fusiform nuclei which used to be 
looked upon as the nuclei of the branching cells, he con- 
siders to be the nuclei of the fibrous bundles, and as these 
run in laminae of parallel bundles, which lie at right angles 
to those of the adjacent laminae, the so-called spear- 
head bodies are formed by their proliferation. The 
pus comes both from the connective tissue corpuscle# 
and from leucocytes. In granulation tissue, the author 
holds that the capillary vessels are mainly old capillary 
loops from the subjacent tissue, which have been pushed 
up by the pressure of the blood inside them, when the 
tense surface of epithelium has been destroyed ; and 
he draws attention to the absence of granulations in a 
wound on the pleura or peritoneum where the surface prea- 
sure is still kept up, and considers that the vessels found, 
when the pores of a piece of sponge applied to a wound 
become vascularbed, are at first not new vessels, ^ but 
those of the tissue which have pushed up into the 
pores. 

The third part deals with the diseases of the various 
organs and tissues. 3ome interesting facts are given as 
to the means by which tubercle may be spread 

(/i) By inoculation. When the poison is introduced 
subcutaneously, the disease is reproduced with great 
certainty. It is remarkable, however, how rarely the 
disease is contracted through supierficial scratches by 
pnhologists; for, ^although tuberde bacilli have been 
feund in post-mortem sores, the author thinks no one 
has become tubercular in consequence ; but this is too 
sweeping a statement. 

(b) Through ingesta. Rabbits and guinea-pigs readily 
become tubercular when fed upon tubercidar .tissues or 
sputum, while dogs are less readily infected* Herterichhaa 
recorded thh case of a healthy widow with tw;o chUdrqn^ 
who married a second husband who had phthisis, by whom 
she had three children. She hersdf became phthisiari, !^ 
her two youngest children devdoped deep yeflow-cpIpiW'ed 
uicers on the month and fauces^ and mtimately ge»ai;i^ 
tuberculosis. The children had been fed on food 
the mother had previously diewed. Reich 
cases, of tubercular meningitiftih a country vj^ge, 
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within hftMn months in the practice of a phthisical 
who was in the habit of sucking the mucous 
ftom the mouths of the new-born infants, and of blowing 
air into their lungs* Pigs fed upon the milk of tuberculous 
<ows became tubercular in five weeks. 

(<r) By inhalation. Animals after a few inhalations of 
tiUMrrcuiar sputum, disseminated in a spray, readily became 
infected. Koch holds that no other substances than 
tiibei'cular products when introduced into an animal will 
produce tuberculosis. 

The r^sami of the changes which take place in the 
btopd in various diseases is most complete and up to date. 
The latter part of the book deals with the diseases of the 
•circulatory organs. 

Among akemtions which are desirable in a new edition 
wc would suggest that the forms for post-mortem re- 
ports which occupy four pages should be omitted ; or, if not, 
they should be made much more complete. Many important 
iieadings, such as lymphatic glands, joints, prostate, &c., 
are wanting. Fig. 25 is an unfortunate illustration of lar- 
daceous disease of the liver in which the liver cells are 
affected, and should he replaced by a more typical case 
with healthy cells. We would demur to the statements 
that lymphadenoma produces great anaemia and infil- 
trates tissues— that is, in the sense in which sarcoma 
is said to infiltrate. The growths extend only along 
lymph- channels, and do not infiltrate outside these. On 
p. S3, sulphide of potassium should be sulphite. 

We congratulate the author on the general excellence 
and practical nature of his book, and shall await with 
interest the second volume. The arrangement of the 
type, the paper, and the illustrations are unexceptionable, 
and reflect the greatest credit upon all concerned. 


OUR BOOK SHELF, 

A Craduiited Course of Natural Science, Part I. By 
Benjamin Loewy, F.R.A.S. (London : Macmillan and 
Co., 1889.) 

Thib is an admirable little book which has been prepared 
for the use of teachers and students in schools where 
elementary ideas of physics and chemistjy form part of 
the course of training. It is intended for elementary 
students only, and it is not too much to say that the 
various experiments and injferences are well within the 
scope of every boy and^girl of ordinary ability. It is but 
to be expected that during his twenty years^ experience 
the author has become inoroughly acquainted with the 
difficulties met with by young students, and with the best 
tnethods of overcoming them. 

An experiment is first described, and the inferences to 
be. drawn are then dtscOssed, the simple conversational 
stjrle being especlaHv suitable for young pupils. The 
subieeft are arrangeil in a very natural order, and it would 
"be difficutt to suggest improvements. Very practical 
augsp^ibns Ate ma% as to tne best way of arranging for 
eflicR ardent to perform the experiments. A simple 
%bout 3 feet long by j8 inches wide, temporarily 
Screwed to the tbp of the desk, has been found sufficient 
tOApb^id^odate two or three pupils, so that it is an easy 
to have thirty pr forty working at the same time, 
f o the book more useful to teachers, a series of 

tpesboiB has been put at the end of each chapter. 

to the notice of 

ledwas lik% be interested in the subjects of which it 
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Flora of S^,piiserhmd for the use of Tourists and Field- 
Botanists, By A. Gremli, Translated from the Fifth 
Edition, by Leonard W. Paitson. (London : David 
Nutt, 1889,) 

Encjlish visitors to Switzerland who happen to be 
interested in botany must often have regrettea that they 
did not possess a realty good hand-book of the Swiss flora. 
The translator of Herr Gremlins well-known work has 
provided a volume which will exactly meet their wishes. 
The original book has been widely circulated in Germany, 
and its materials are so ample, and so carefully and 
intelligently arranged, that it well deserves its popularity. 
In the fifth edition many improvements were made, and 
these are, of course, embodied in the present rendering. 
Mr. Paitson has also been able to include the new matter 
presented in the French translation by M. J. J. Vetter 
(1885), and corrections and additions published (1887) in 
the latest — the fourth— of Herr Gremlins supplements. 
Although the work is intended in the first place for 
persons beginning the study of botany, it contains much 
information with regard to new species that will be of 
service to more advanced botanists. We may note that 
the English volume is clearly printed, and that it is of a 
size convenient for the use of tourists. 


LETTERS TO THE EDITOR. 

[ The Ediior does mot hold himself responsible for opinions ex- 
pressed hy his correspondent i. Neither can he undertake 
to return^ or to correspond With the writers of rejected 
enanuscripts intended for this or any other part of NATURE. 
No notice is taken 0/ anonymous commssmeations,] 

Coral Reefs. 

I AM obliged to Mr. Murray .intl Dr. Guppy for their 
courteous replies to my questions. Mr. Murray knows how 
pleasant a duty it is on the part of Admiralty surveyors to 
collect materials for the investigation of men of science like 
himself. Perhaps he will allow me to J^ay that the theory of 
wave action spreading out the loose materials of a volcanic 
island is difficult to understand in view of the fact that islands 
in the same locality, such for instance as Mokongai and Wakaya 
in the Fiji Group, have their barriers far away from the land on 
exactly opposite side®. If he will excuse repetition, 1 desire 
again to }H)int to the Exploring Isles, and to the great distance 
between the burner and the island of Varum Mbalavn ; also to 
the fact that the waves, for all but n few days in the year, attack 
the inland from a direction varying between south-sonth-east and 
east -north -east, principally east -south -east. Although there is 
much upraised coral at the north end of Vanua Mnalavu, the 
formation is chiefly volcanic. 

The shallow nature of the Na JjoIo lagoon isv I presume, due 
to the detritus from the now sunken island, and the fragments 
from the reef washed over by the heavy seas at high tide. The 
bank west of Ono, in the Kandavtt Group, is Krrmr/Jated by a 
.sunken barrier, similar to, that south of Viwa and north-west of 
M^ngha ; and is not a Continuous reef aw aih, because of the 
muddy si reams from Ono sweeping to loewartl, and also for the 
reason, admitted on all sides, that coral does not grow with so 
much vigour where there is no surf. 

Dr, Guppy’s simile, of an engineer having constructed and 
afterwards repaired a bridge, is not, in my opinion, a good one. 
A bridge is a structure accomplished on mathematical principles, 
good or bad. If good, it will stand ; if bad, it will s^nmer or 
later fall. Mr. Darwin’s theory, like other theories, is not 
capable of mathematical proof ; and it is deduced from personal 
observation only in a very limite<l degree. The second edition 
of his work indicates, that after thirty-two years’ further experi- 
ence in weighing, deducing, and generalizing of a similar 
character in other branches cf natural history, and receiving the 
views of those opposed to his theory on this special fcubject, he 
still adheres to ms original opinion. The principle of his work 
was, in all cases, very much the same; and, considering the 
labour which he devoted to the first study of the question several 
years after he returned from his voyage, it is hardly conceivable 
that the origin and formation of coral reefs did not occupy a 
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considerable share of his attention in the long interval betKreen 
the pabUcatton of the first and second editions of his book. As 
to acquaintance with the objects of his writings, he had none, 1 
presume^ with that horrid creature with the swim^bladder from 
which he believedewe are a]l descended ; nor with most of the 
animals which have formed the connecting links between that 
^tinguished progenitor and man ; but, nevertheless, his great 
collection of facts and evidences have been of sufEcient weight 
to revoIntionUe the historv of creation, and to pervert hundreds 
of thousands from their faith in the poetical narrative of Moses. 

However, I>r. Guppy is correct in saying that there are certain 
upraised ancient reefs in the Lau group of Fiji. Ueut. Malan 
was no doubt alluding to the islands of Tavutbd, Naiau, and 
Ksunbara, which have every appearance of atolls lifted out of 
the sea, for they are coral islands of considerable height, whh 
an exterior rim and depression in the centre, between 150 and 
200 feet deep. It does not follow that they may not form now 
part of a descending area ; nor that the Bukatatanoa and Reid 
Reefs may not be participating in the movement. It is remark- 
able that only one reef has yet been discovered which connects 
the atoll awaw with the idand many hundreds of feet high which 
has been, to all appearance, an atoll in past ages. As far as 1 
am aware, there is no island known, except Aldabra (which has 
a lagoon diy at low water, and is, therefore, an abnormal 
instance), of coral formation, with a lake in the centre and 
openings on the lee side ; in such a stage as an atoll would 
be if it was elevated, say, 20 or 30 feet ; nor do I believe 
that anyone has yet seen an upraised island barrier reef. The 
sight would be so phenomenal, that the news of its existence 
would speedily become public property. It must be remem- 
bered that, while proofs of upheaval arc easily detected, direct 
evidence even, of subi-idence, is most difficult to obtain. All 
searching under water is groping in the dark. 

*' •! may here remark, as it is our common object to arrive at 
the truth, and surveyors are not special pleaders, that there is 
an error in Mr. Dana's examples of subsidence (p. 310, Coral 
Reefs," Darwin, third edition). Nonuku Islets are cays on a 
spur from a barrier reef, and Bacon Diets are formed of coral, 
Jt is unfortunate that these should have been inadvertently 
token as types so late as 1885, three years after the charts were 
published, though it 1$ easy to understand how Mr. Dana was 
mistaken in his first book when he had to rely simply on the 
excellent sketch made by the officers of Wilkes's expedition, to 
which he was attached ; but these mistakes do not necessarily 
invalidate the conclusions of the experienced naturalist, who, 
had he thought of it, could have selected other and better 
examples from the same .group. 

It would be premature to discuss the cases of the Tiiard and 
Macclesfield banks before .Dr. Bassett-Smith records the results 
of his examination of the sweimens collected, in pursuance of 
Captain Wharton's directions, chiefly by himself and Lieut. 
Parry, of ^^^embter; but this much may be said-^the existence 
of a submarine, diflf is established in the former, and the sectional 
slopes have a great resemblance to those of mountains. The 
condition of llu Aba and its surrounding reef appears to 
favour Mr. Murray's views ; but the general state of the reef does 
not, as far as I can see, disprove the theoiy of subsidence. The 
one Macclesfield bank section is not at all tike that of a sinking 
mountain ; and the condition of the coral on the top might 
indicate either a downward or upward movement, or ueuher. If 
we hnd, as in both these cases, a mature of dead and live coral 
on the rim of an atoll, the inference seems more in favour of 
subsidence than elevation. It implies that a sudden descent to a 
depth beyond that in which the less hardy individuals of the 
spkies xan flourish, has killed the growing insect ; and that a 
new effort is being made to regain the surface. Specimens of 
reef-building coroU were brought up from depths below even 30 
fathoms ; but, as far as the imperfect appliances which we have 
at present could help us, there was no evidence that tnaues of 
coral were at all common below 13 fathoms. The condition pf 
the slop^ could be safely compared to the banks of a river 
stream with the blades of grass growing thinner and thinner as 
^e distance from the water was increased (Darwin, p. xii). 

In the case of the Bukata/onpa, and other large reefs of a 
similar character, my difficulty with respect to Mr. Murray's 
tbeoiy is this s if corals commenced to grow on sediment which 
bad lodged on a submarine inequality, why should nearly alt 
parts have kept pace so evenly iu their growth ? The highest 
portion of the bank oh which the Bukatatanoa Reef*-accoSiing 
to the theory of Mr. Murtay-<-TesUf would surely not be around 


the sides, but somewhere in the centre. There would be a 
summit of sonte kind, to which the sediment would be ffirst at- 
tracted, Is it not most improbable that first the pelagic organs 
isms which are dead, and then the coral polyps which are auw, 
should maintain an even contour around three sides of a bank 
and many miles away from the highest part of it, and arrive at 
the surface of the ocean much about the same time ? If it is 
said, How do you know It amved at the surface at the same 
time ? I point to the connected form of the barrier. According 
to Mr. Murray, had it not done so, it would have formed in- 
numerable rings instead of being connected, without a break, 
for so many mUes. 

Reid Reef, to the north of Bukatatanoa, is a stilt more remark- 
able instance. Here, there is a feature, which Mr. Murray men- 
tions, quite apparent, vis. the paucity of coral heads in a Iap;oon 
where the barrier is uninterrupted ; but the difficulties which 1 
have ventured to place before him are greater than ever ; (1) 
Why should wave- action distribute a bank on the weather as 
well as the lee side of the land ? (2^ Why should the insect 
reach the surface simultaneously on all sides, as shown by the 
continuous reef and the uniformity of its breadth 7 To the best 
of my recollection, the islets within this barrier are of volcanic 
origin, but the point is not material. 

With reference to Mr. Murray’s explanation of the deficiency 
of reef under Mbuke Leva (Mount Washington), may 1 point 
out that it is of great assistance in showing why, when discussing 
subsidence, it is not necessary to hesitate for examples at those 
islands which have a barrier on one side and a fringe on the 
other. On a clifly, steep side, the linking fringe would, of 
course, remain very close to the new coast-line, and, if it assumed 
the barrier form at all, would rapidly become filled with pieces 
from the land. 

The fragmentary character of the Great Barrier Reef of Aus- 
tralia does not seem to have excited the attention it deserves in 
this controversy. I believe that there are innumerable passages 
through it, and that, instead of being termed a ** barrier,” it 
might better be described as a collection of large patches. 

W. UsBORNB Moore. 

8 Western Parade, Southsea, July 9. 

The Hailstorm in Liverpool. 

Snndaj/f June 2. •— A very sultry afternoon, with heavy 
thunder-clouds in the south-west and west, and continual rumt^ 
lings from the same direction, the storm evidently passing over 
the Dingle nndToxteth Park. Soon after 3.30 p.m. lightning 
became visible and the storm broke. 

At first a few large drops of rain fell, making patches of to 
2 inches in diameter on the cement. In a minute or two, large 
lumps of ice came slowly down, rebounding to an astonighlng 
height. As the stones became more numerous they decreased 
considerably in sire and fell with greater force. This lasted for 
ten or twelve minutes. The rain had nearly ceased daring the 
height of the storm, but began again towards the end for a short 
time. I immediately collected some stones off the grass, and 
placed them in a dish on some blotting-paper. 

They were evidently of two ; the one having clear ice 

kernels, the other white misty loA the stone was large the 
kernel was surrounded with coating of the opposite kind 

of ice, a dark line intervening between the two, and here and 
there I noticed a third or fourth layer. 

Many in themselves spherical had a pear-shaped appendage, 
which, however, soon melted away. One or two (Fig. 4) had 
the second layer thinner than tfie othem, making a hoUow be- 
tween the centre and exterior layer, both above and below. 

1 found one of a most curious construction (Fig, 3). The 
stone was all composed of white ice except at one The 
white ice seemed to terminate like the petals of a flower, closing 
in round a centre of dear ice. This constructl^Ht was eotlrh^ 
formed below the surface, the stone being otherwise smootH. . X 
could not take accurate measurements owing to the absence dt a 
conect scale^ but a^ubximately the stones I drew measured aa 
follows 

Breadth. Width Tbiekossn 

(X) ir - A" ' 

(a) spherwal, about 

S }[- «*. 

(s) , ir ... lA", ....■ . *r., 

The Monet had ill • nctaiUc latte BiMi alto « 
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I l^ve examined »ome of the atones under the microscope. 
Xu have an air^bubbie at the centre, and 1 thought in some 1 
could distineoish a mck of sand or grit as well. The kernel 
appears to nave infinitesimal cracks in the ice, going round the 
coatral bubbles in circles. Sometimes these are not spread 
out aU round, but run up to the centre in spokes, widening out 
as they reach the edge. The dark line between the coatings ap< 
pears to be composra of small pear-shaped air-bubbles lying with 



their narrow end towards the centre, and here and there in the 
ring are specks of grit or dust. 

In the pear-shaped prominences the minute ice cracks appear 
to be formed in waving lines. 

In some (Fig. 4), the air- bubbles are formed near the surface 
round the second or third layer, and arc much larger ; in others 
(Fig. 5), they appear in the kernel instead of the spokedike 
formation of cracks. C. D. Holt. 

Seftpn Park, Liverjvoo). 


Use or Abuee of Ethplifical Formula, and of 
Differentiation, by Chemiets. 

TaoF. Thorpe’s review of the work of Mendeleeff suggests 
to me a question 1 have several times previously thought of 
putting, vis, whether chemists are not permitting themselves to 
oe run away with by a smattering of quasi ^mathematics and an 
over-proising of Ompirical formulae, 4 do not make the accusa- 
tion ; 1 merely put the question as one suggested by an incom- 
plete and superficial perusal of one or ttwo recent memoirs. 

To make my meani^ <dair, I wUl state a few facts, and if 
ato unttm^starily obvious I aball be glad to find them so. 

Take .pefioentage compositioa (/), and specific gravity (r) ; 
,s li of /, and the question is, wbMer it is a continu- 

ous dr k dUeontinuous funcUon. To obliUn wi answer to this 
quustimB> tdio best determinations of s sbould be plotted on a 
wte ip.terms of with the probable limits of inaccuracy 
Md shofild be examined to see 

^ poaimvi^i fit the pdiots of definite constitution, any 

- wheiner of slope or curvature. The 

du^^kher that sueh discontinuity cwtamly 
#r t£^ it possibly or that; if it exists at all,, It must 
a omtabt ^dfia^le dtdw of mtHfnitude. One of 


these is the definite kind of statement that can be made, and 
nothing else. 

In order to a^t the eye ip forming a judgment, some form 
of mechanical integrator or differentiator might legitimately be 
run over the curve, provided due care were taken to avoid the 
creeping in of errors ; but I doubt whether anything could be 
certainly detected in the derived curves that ought not to be 
visible in the original curve itself. 

The process adopted by chemists seems a less satisfactory 
plan. I speak under correction. They assume some element- 
ary form of empirical expression for the function, say a quadratic 
expression with three arbitrary coefficients, and they determine 
these coefficients to suit three points on the curve, first for one 
portion and then for another, taking these portions In the stages 
between one definite constitution and another ; they thus obtain 
a set of quadratic expressions for s in terms of /, each with a 
more or loss different set of coefficients i in other words, they 
find bits of parabolEC which more or less fit successive portions 
of the actual curve. They then differentiate each of these, and 

plot , and they appear to be struck with the fact that, for 

dp 

each fwrtion, these plottings come out precisely rectilinear ; while 
with the observation that discontinuities exist between successive 
portions they seem quite pleased. 

They sometimes go on to plot f and to deduce fresh support 
for their facts by means of it.’ 

Now, were it not that emiaent persons appear to lend iheir 
names to this kind of process, one would be inclined to stigmatise 
this performance as juggling with experimental results in order 
to extract from them, under the garb of chemistry, some very 
rudimentary and commonplace mathematical truths. 

r would not be understood as casting any doubt on the rewits 
which may, by ingenious and clear sighted person-^, have been 
arrived at, even by so questionable a process : I would not be 
so understood, partly because those results lie out of my pro- 
vince, partly because the hypothesis of definite constitution foi 
solutions or for alloys seems a very probable one, partly 
because 1 have myself plotted the s p curve for dilute ethyl 
alcohol, and clearly perceive the varieties of slope and 
curvature detected by Mendeleeff, though the changes are 
scarcely so sharp and definite at definite points as one might 
wish them I0 be in order to support the a prion improbable 
hypothesis of actual discontinuity. But what I want to assert, 
perhaps unnecessarily, is, that no juggling with feeble empirical 
expressions, and no appeal to the mysteries of elementary 
mathematics, can legitimately make experimental resulLs any 
more really discontinuous then they them.selves are able to 
declare themselves to be when properly plotted. 

Liverpool, June 29. Oliver J. Lodge. 


CHEMICAL AFFINITY. 

I N the older days, chemists were willing to think that, 
when they had said of a chemical occurrence, It is 
a manifestation of the affinities of the reacting bodies,” 
they had given a fair explanation of the occurrence. 
Nowadays, we rather avoid the term affinity. The modern 
chemist is not comforted by the word as his fathers were. 
Phrases^ he knows, have a way of decoying a man to 
destruction. But, although he does not use the word 
affinity so much, the chemist is more eager than ever to 
understand the modes of action of affinity. 

Since the latter part of the last century, the prevalent 
views regarding affinity have fluctuated between the doc- 
trines of Bergmann and Bcrthollct. Bcrgmann taught that 
the causes of chemical action and gravitative attraction are 
identical ; this cause being manif^ted, in one case, in an 
attraction between minute particles, and, in the other 
case, between comparatively large masses, of bodies. 
Further, he said that the result of chemical attraction 
between different kinds of particles is a change of com- 

< Ahhodch Frtrfl Tlw>rp«’i» review suggettttt ilie writing of this letter 
ifiei* !• noth lug contain^ in that review whicli orompt* these ivinarks. 
IW". IkiMpe acM not appear w have fellea into the arrore which, in the 
wHtiitf* of SnnM ohemittfi, 1 fancy 1 delect. 
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iMition wholly irt the direction of the stronger attraction. 
Hence, according to Bergmann, substances may be ar- 
ranged in the order of their affinities towards some 
standard substaece. If A, H, and C are each capable 
of reacting chemicaKy with D, and if the affinities of the 
three substances are in the order A* H, C, this means 
that addition of A to the compound BD, or to the com- 
pound CD, will cause the production of the new compound 
AD, and the liberation of B, or C. 

Bertholtet, like Bergmann, regarded chemioal affinity 
AS an attraction between minute particles ; but he asmted 
t^t affinity is conditioned by the physical properties of 
the attracting bodies, and also, and very specially, by the 
relative masses of these bodies. A relatively small at- 
^ traction may overcome a greater, if the mass of one of 
the attracting bodies is lai'gely increased relatively to 
that of the other. Berthollei’s view is exfnvssed by him- 
self in the words, Toute substance qui tend k entrer 
on combinaison, agit en raison de son affinitd et de sa 
quantitd.'* 

These two conceptions still divide the allegiance of 
chemists. Berthelot’s laiv of maximum work is the 
modern form of the Bergmannic doctrine. Guldberg and 
Waage's Aitc' of mass^adion puts Berthdilet’s statement 
into e.\act form, and includes in its expression the con- 
ception of equivalency — a conception which has been 
developed since the days of Berthollet. 

A great deal of work on chemical affinity has been carried 
cm within the last few^ years. Ostwald has recently pub- 
lished a memoir of first-class importance. The present 
eeems a good opportunity for endeavouring to give a 
sketch of the position of the subject. 

The enunciation of Guldberg and Waage’s law of mass- 
action, and of the prindfiU of the coexistence of reactions ^ 
marks the beginning of the distinctly modern era of the study 
of Affinity. The law of mass-action, first clearly put forth 
by the Norwegian naturalists in 1867, states that chemical 
action is proportional to ike product of the active masses 
of the substasices mkich take part in the reaction. The 
andeifc mass of any member of a chemical system is de- 
ifified to be the mass of that substance, stated in chemical 
^equivalents, in unit volume of the system. Thus, if in a 
solution of hydrochloric acid, sulphuric acid, and caustic 
soda, the substances are present in tbe ratio 

aHCl : H,S 04 t aNaOH, 


The ratio is found by throwing ibe equation into 
the form— " 

(P - ^) (Q - ;p) * k^jk (P' -h X) (Q' X) ; 

where P, Q, F', and Q' represent the masses, staled in 
equivalents, of the four bodies initially present, and X' 
represents the number of equivalents of P and Q which 
disappear, and also tbe numWr of equivalents of F** and 
Q' which are formed, when equilibrium results. Experi- 
mental measurements of F, Q, P', and Q'j and .r are 
required ; from these the ratio k'/k is cj^ulated, and, 
from this, values are found for -r for different initial 
values of P, Q, P', and Q'. 

In their earher treatment of the equation of equilibrium, 
given above, Guldberg and Waage spoke of the force 
whkh brings about the formation of P' and Q' being 
held in equilibrium by the force which brings about the 
re-formation of P and Q. The word force was used with 
a somewhat vague meaning, and certainly not with the 
meaning given to it in dynamics. Following the example 
of van ‘t Hoff, in their later memoirs the Norwegian 
naturalists regard chemical equilibrium as resulting 
when the velocity of the direct change — / e. in the above 
case the change of P and Q to P' and <2 — bcc«ime equal 
to the velocity of the reverse change, /.<?. in the above 
case the change of P' and Q' to P and Q. The equation 
of equilibrium arrived at by applying this conception is 
identical with that already given. By velocity of the 
change is to be understood the ratio of materia! chemically 
changed to time used in the change. Ostwald’s analysis 
of the criterion of equilibrium, viz. that the velocities of 
the direct and reverse changes are equal when equilibrium 
results, is somewhat as follows. Let two bodies, A and 13 , 
be changed to A' and H' ; let the active masses of the four 
bodies, stated in equivalents, be p\ q * ; let x be the 
number of equivalents of A and B changed to A' and B'. 
and the number of equivalents of A' and B' changed 
to A and B, at any moment ; and let ^ be the v'alue attained 
by .1* when equilibrium results ; then 


velocity of direct change ~ ^{g — ; and velocity 

of reverse change •*» {p - “ x)d ; and the velocity 

of the total change =« {p - x){q - x)c - (p x)c\ 

Then jr « f , and the velocity of the total change 0, 
i.e. equilibrium results, when 


the active tttasses of the three substances , ire 1, i, and i 
respectively, HjS04 being taken as one equivalent of sul- 
phuric acid. ' The investigations of Guldberg and Waage, 
and others, more especially of Ostwald, have shown that, 
if more than one member of a system is undergoing che- 
mical change, each change proceeds as if it were inde- 
pendent of the other, and each substance obeys the law 
of mass-action. This statement is called by Ostwald 
the principle of the co-existence of reactions. 

.But tbe amount of chemical change which occurs when 
substances react is conditioned not only by tbe active 
masses of the substances, but also by their chemical natuee, 
their states of aggregation, the temperature, and pthfC/ 
variables. In their first memoir, Guldberg and Waage 
grouped these variables together under the name coefficient 
of affinity. 

Let two substances, P and Q, react in solution to pro- 
duce P' and Q'j and let P' and Q' by ihelr reaction re- form 
P and Q : let the active masses of P and Q be repre- 
sented by / and and the active masses of F and Q by 
ft and j ^' ; further, let the coefficient of affinity for the 
reaction between P and Q be represented by L and the 
coefficient of affinity for tbe reaction between P' and Q' 
hty k * ; then the amount of decomposition of P and U 
which occurs will be proportional to the product 
and the amount of decomposition of P and Q' will be 
proportional to the produce kpy. When the oquatfon 
kpg « htpY is fulfilled, the system will be in equilibrium. 


(/ - i'Aq - IV -- (/ + «)(/ + ly. 

This is the same equation as that given by Guldberg 
and Waage. But in this equation eld represents the ratio 
of the velocity-coefficients of the two parts of the Chanw, 
whereas the ratio k/k' was called the ratio of the affinffy- 
coefficients. 

The simplest case in which fo^i^pply the above form of 
the equation of equilibrium is when, A and B are caused 
to react in equivalent quantities without addition of A' 
or B* ; in this case / « p — j, and p ^ Y ^ ihe 

equation has the form > 

(I - iTc - iV; 

hence 



By determiidikg £1 ixAbt number ofiequiyaleAte of Aand 
B changod^Himl I ^ £, ie, ihe number of .equfoafotite of 
A and B rifofia’lliffig unchanged, when eqalllhrium'tasuJts, 
the itttio of ithe vWocity^oefficients is found- ^hfis 
equation has been appHea to varied clatwes of Okangw. 
Thomo^n^s meitswtwnents^ by thermal methoefoj, of the 
distribution of a base between two adidf #feen one of the 
adds interacts with the sdt iiff the me other 

acid, confirm thd equation. 

by volnmoiric nfoihod^ ' Ihf lehHfo 

Thomsen exd»dned % iherhii^ 
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tlMe And the equation is canfirmed by the 

m^de by Kerthelot and P. de Saint Gilies 
by ebmTical melhedsr of the quantity of ethereal salt 
fbrtned wbee 'an acetic add reacts with an alcohol The 
ftceutil^ of the equation alao been confirmed by 
applying* it tbffeysicafty heteroi^eneous systems consist- 
ittg of solids and liquids or gases ; Ostwald (in hts 
** L«liebuch der Atigeineinen Ch^ic^O gives the necessary 
formftiOf the eqnaition for different casc^. 

T!jW‘ law of inass^actlon, and the principle of the co- 
existence of reactions, are thus amply confirmed* Hut 
the d»prcssk»ns, reaciion velocity, or velocity-chefftcient, 
of cocflftclent of velocity, must be analysed. 

'Hie ratio is called by Oatwald the partitim^ 

coefficient the reaction. The square root of this ratio, 
f.r. Y is" the same as the square root of the ratio 
of the velocity-coefficients of the two parts of the change, 


t\e. it is the same as f - 


ratio of the affinity-coefficients, >&//’'. 

When equivalent masses of one acid and the sodium 
salt of another acid interact in dilute solution, f represents 
the nmnber of equivalents of the salt which are decom- 
posed, and 1 - f represents the number of equivalents of 
the salt which remain unchanged, when equilibrium is 
established ; or, to put the statement in another form, as 
each equivalent of salt decomposed produces one equiva- 
lent of acid and one of base, f represents the number of 
equivalents of baseVhich have combined with the second 
acid, and i - f represents the number of equivalents of 
base which have remained in combination with the first 

acid. The ratio — ~~ then expresses the distribution of the 
J f 

base between the two acids. In the case of sodium 
sulphate (NasS04) reacting with nitric acid (HjNaOo), 

'rhomsen found f « 9 J therefore, the ratiq 9/i “ 2 . 

In this case, the direct change consists in formation of 
sodium nitrate and sulphuric acid, and the reverse change 
consists in the re formation of sodium sulphate and nitric 
acid ; the square root of the ratio of the velocities of the 
direct and reverse changes in this reaction is 4 /^ ^ 2* 
Or, one ma^** say that the ratio of the affinity-coemdents 
of the acids nitric and sulphuric for the base soda is 
§/9 2. These statements are identical. Two-thirds of 

the soda combines with the nitric acid, and one-third with 
the sulphuric acid, when equilibrium is established ; or the 
velocity: df the direct change is double that of the reverse 
change ; or the affinity of nitric acid for soda is twice 
that of sulphuric acid fcff the same base. It must be 
remembered that the acids and the base interact in 
equivsilgnt; quantities ;iand in dilute aqueous solution. 

Proceedli^ In tUte way indicated by foregoing 
pS^ald determined the ratio Vr/t', or k;k’ 
for teactihg vrith a. given base; he stated 

these rdkiba in tonns of one acid taken as too. For in- 

111* ba^ toda (NbjO) the ratio for 

'm* fewi^to bs 1*94, for S 0,aad fo# • 97 - 

^^ hitric Mid for Mda it thton as too, that 
-.^*le acid for foe satne bate^aCGordiog to these 
^. and thit of sollfoarlc jacid is 50. Oitwald 
aay dlfforan^ experimental methods for 
of a base between two acids 
ba. .IraapiMrimental difficulties are great, 
•;>dlpiHW#'rby,oac metbod' cannot be ex* 
those ; obtained by 
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affinities of many acids, for a specified base, was not 
altered by a change of method, except in a feW cases; in 
these cases the affinities were very small, and therefore 
incapable of accurate measurement by any of the methods 
tried. 

Ostwald next proceeded to examine the influence of the 
nature of the base on the affinities of acids. He showed 
that whethefi the ba^e be potash, soda, ammonia, magnesia, 
zinc oxkte^ or copper oxide, the ratio of the affinities of^ 
hydrochloric and nitric acids is the same ; but that the 
ratio varies in tlie case of sulphuric and hydrochloric, or 
sulphuric and nitric, acids. But it is known that sulphuric 
acid reacts with its normal sodium salt to form an acid 
salt (NaHSO^) ; Ostwald was able to explain the results 
obtained with sulphuric acid on the suppositioa that the 
affinity of this acid for a base, as measured by any of the 
methods used by him, really represents only the affinity of 
that part of the acid which has not combined to form an 
acid salt. He concluded that the true relative affinity of 
sulphuric acid, like the affinities of hydrochloric and nitric 
acids, is independent of the nature of the base. Extend- 
ing the investigation to other acids, Ostwald concluded 
that the relative affinities of the acids are independent of 
the nature of the bases with which they react, and can be 
expressed by constant numbers. If this conclusion is 
accepted, it folio vvs, from the nature of the reaction ex- 
amined, that the relative affinities of the bases are also 
independent of the acids with which they react, and can 
be expressed by constant numbers. From these con- 
clusions, the further deduction is made that the affinity 
between an acid and a ba&c is the product of two specific 
affinity-coefficients, one of which belongs to the acid and 
the other to the base. 

This conclusion is of extreme importance and requires 
rigorous examination. In order to test the accuracy of 
the statement that each acid has a specific affinity-co* 
efficient, Ostwald has determined the affinities of a series 
of acids by different methmls, with the result that the 
affinity-coefficients determined by one method are as 
nearly the same as those determined by other methods , 
as could be expected, considering the errors inherent in 
the methods themselves. If each acid possesses a specific 
affinity-coefficient, the value of this coefficient for any 
acid might ba expected quantitatively to condition many, 
if not ail, the reactions brought about by that acid. 
Several chemical changes brought about by acids, other 
than those in which an acid interacts with the salt of 
another acid, have been examined by Ostwald. Among 
these changes may be mentioned that of acetamide to 
ammonia and acetic acid, that of methylic acetate to 
acetic acid and methylic alcohol, and that of cane-sugar 
to inverted sugar. The rate of each of these changes 
varies according to the acid added to the system ; the 
results obtained show that the square roots of the ratios 
of the velocity-coefficients arc in the same order as, and' 
are as nearly identical as could reasonably be expected 
with, the ratios of the affinity -coefficients of the acids em- 
ployed, a 9 determined by the division of a bise between 
these acids. Hence the conclusion that each acid has 
specific affinity-coefficient is verified, and at the same 
tin%e new methods for determining these coefficients are 
put into the hands of chemists. 

But none of the methods employed was found alto- 
gether satisfactory^ In every case secondary reactions 
more or less interfered with and complicated the primary 
change. 

TiSsre is, however, another and altogether different 
method whereby the affinities of acids may very accu-- 
rntely be determined. This method is based on the 
relations which ceitainly exist between the rate of a 
cbemical cbai^ |;«*ought about by an acid and rfie elec- 
trical GOhducttvUy of an aqueous solu.ion of that acid: 
If the etatrical conductivities of dilute aqueous imiution* 
of a nuiid^of acids are stated in terms of acid wMcb 
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hsA ttie greatest conductivity taken as unity^ and the num- 
bers so obtained are compart with the relative affinities of 
the same acids determined by one of the methods already 
described, a ver>* close parallelism is noticed between the 
two series of numbers. By carefully studying the effect 
of dilution on the conductivities of monobasic acids, j 
Ostwald has arrived at the conclusion that the dilutions | 
at which the molecular conductivities of monobasic acids ; 
exhibit equal values bear a constant relation to each other. 
For instance, the molecular conductivity of monochlor- 
acetic acid at any dilution is equal to that of butyric acid 
when the solution of the latter is 256 times more dilute 
than that of the former acid. By molecular conductivity 
of an acid is meant the conductivity of a solution of a 
quantity of the acid proportional to its molecular weight. 
If M molecular conductivity, and X « electrical con- 
ductivity, as ordinarily defined, stated in mercury units, 
thenfi « Jo^rtX, where n — number of litres to which the 
molecular weight of the acid taken in grammes is diluted. 

The conductivities of the stronger monobasic acids, 
such as nitric, hydrochloric, chloric, vary but little with 
dilution ; the maximum values are reached in moderately 
dilute solutions. The conductivities of the weaker acids, 
such as phosphoric, acetic, butyric, however, vary much 
with dilution, and increase very considerably as dilution 
increases. The rate of increase varies ; as a rule, the 
weaker the acid the greater is the increase for a specified 
dilution. The maximum values are not the same fpr all 
acids. Ostwald’s investigations show that the affinity of 
an acid is closely connected not so much with the maxi- 
mum conductivity of a solution of that acid as with the 
rate of increase of conductivity relatively to the maximum 
conductivity. To determine the affinity of an acid, by the 
electrical method, it is, therefore, necessary to determine 
the molecular conductivity of an aqueous solution of that 
acid at varying dilutions until the maximum conductivity 
is reached. 

But it is very difficult, if not impossible, to determine 
directly the maximum conductivity of a solution of a weak 
acid, because when very much water is present the un- 
avoidable impurities in the water affect the conductivity 
more than the minute quantity of acid which is present. 
Ostwald has found that the maximum conductivity of a 
monobasic acid in solution can be calculated from deter- 
minations of that of the sodium salt of the acid, and 
moreover that the maximum conductivity of the senium 
salt can be calculated from the observed conductivities at 
different dilutions. The method by which these results 
are arrived at cannot be gone into here ; suffice it to say 
that it is based on an extension and modification of the 
generalisation made by Kohlrausch, to the effect that the 
conductivity of an aqueous solution of a normal salt of a 
strong monobasic acid is the sum of two constants, one of 
which depends only on the nature of the acid, and the 
other only on the nature of the base. 

The further ytplication of the electrical method to find 
the affinity-coefficients of acids rests to a large extent on 
the extension made by Arrhenius to electrolysis of van 
Hoffs /aw of osmotic pressure. The law asserts that 
equal volumes of solutions of definite substances, at the 
same temperature and osmotic pressure, contain equal 
numbers of molecules, which numbers are the same 
as would be contained in equal volumes of gases at the 
same temperaturp and pressure. The law has been 
verified in different directions ; it cannot, however, be 
accepted as a final statement One conclusion drawn 
from the law of van Hoff,i>y thermodynamical reason- 
ing, is that solutions of definite subsUnces in the same 
solvent which have the same freezing-point exert equal 
osmotic pressures at their freesing-points ; and hence, ^ 
solutions which contain equal numbers of molecules in 
equal volumes, and which therefore exert equal osmotic 
pressures, have the same freesing^point This deduction 
IS identical with the law of mokcmarlomering cfjrtezing* 


empirically established by Raouk. This dedncHon, 
if granted, enables the osmotic pressures of solutions to 
be calculated from observations of the freeiing-points of 
these solutions; the calculated pressures can then be 
compared with those determined by direct experiment 
There are many apparent exceptions to the law of mole- 
euW lowering of fre^ing-point, and to the law of van 
Hoffi ; Arrhenius explains the exceptions by supposing 
that the substances in question are imrtially dissociii^in 
aqueous solution, and that therefore a specified voltifie of 
one of Solutions contains a greater number of mole- 
cules riMb woidd be the case if dissociation bad not 
occurred. This explanation rests on the analogy between 
the gaseous state and the state of substances in dilute 
solution. As the pressure of the vapour obtained by heat- 
ing*ammonium chloride is greater than that calculated by 
Avogadro’s law on the assumption that the vapour con- 
sists of molecules of N H^Cl, but as the observed pressure 
agrees with the calculated pressure when the vapour is 
assumed to consist of equal numbers of molecules of 
NH, and HCI, so the apparently abnormal osmotic 
pressures of many solutions may be reconciled with the 
law of Van *t Hoff by assuming that the compounds in 
these solutions are more or less dissociated into simpler 
molecules. Substances which are not (by hypothesis) 
dissociated in aqueous solution are generally, if not 
always, non-electrolytes. The exceptions to the law of 
van 't Hoff occur chiefly, if not wholly, among electrolytes, 
Ostwald, following Arrhenius, supposes such electrolytes 
to be more or less dissociated into their ions in aqueous 
solutions. 

As this hypothesis of electrolytic dissociation rests on 
the identity of the laws expressing gaseous dissociation 
and dissociation in solution, it follows that generalisadoos 
made regarding gaseous dissociation may be applied to 
dissociations in solution. Suppose that a gaseous sub- 
stance is dissociated into two gases ; let the pressure of 
the undisBOCtated portion be p^ and the pressure of the 
dissociated portion be p^ \ then, at constant tempera- 
ture, the relation of p to p^ is expressed by the equation 


“ c. Again, the pressure of a gas at any' specified 
Pi 

temperature is proportional to its mass, and inversely 
pro^rtionai to its volume, v : now, as the osmotic pres- 
sure of an undissociated compound in solution, accordhig 
to the law of van 't Hoff, is equal to the pressure which the 
same mass of that compound would exert if it existed os 
a gas occupying the same volume as is occupied by 
the solution, the osmotic pressure in the solntion^jl, may 

be put as proportional to ^ ; therefore, from 


uv 


-C. 


tioa already given, - ^ - 

lAi = molecular condttC^v^^h,bhi>0!^ cteC^ 
at infinite dilution, and let ^ of w litres 

containing one molecular weight ihgaH^mOs Otl^eleccro- 
lyte ; thei^ the fraction expresses th% fpc^ular 

conductivity at any stated dilution referred maxi- 

mum conductivity, and pn the hypothesis Of eSecthilytiC 
dissociation the same fraction egresses tbi| poirriOn of 
the electrolyte which Is dissociated in terms cV Ihe wible 
quantity of ths electrolyte taken as unity. Jf this 
is 6xpressed% U|, and if u represents the ppdissodated 
portion el;'^tho i^ctrolyte, we Imve w If 

now we phi » , and substitute in die 

uvlui* C, we iMve 

thst nuitt'lww 

of any mne bin^ 
ampfy eoftfimied t 
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CQtmta^tC by applying the above equation to 

a monobasic acid rej^esents Uie affinity of that acid. 
The constoiit C measures the readiness of an aqueous 
solution of the acid to conduct electricity, as also its 
readiness to take part in chemical reactions ; the value 
of C depends only on the nature of the acid, and is in- j 
dependent of dilution. As C has small values for strong 
acids and large values for weak acids, Ostwald pre- 

fersfeput the equation in the form r - where 

^ V To avoid small fractions Ostwald mukl^ies 

and also by too ; he has determined tooJb Ibr more 
than too monobasic acids at dilutions varying from S to 
1034 litres ; finally, he expresses the most probable value 
of looifr as K. I cannot here give even a selection from 
the numeroirs measurements ^ K made by Ostwald, but 
must content myself with drawing attention to some of 
the conclusions he has come to regarding connexions be- 
tween the affinities and the constitution of acids. The 
method has been worked out chiefly for monobasic acids. 

In the acetic series of acids, affinity decreases from 
formic to propionic acid, and then remains nearly constant 
until caproic acid is reached. The substitution of chlorine 
or bromine for hydrogen in an acetic acid raises the 
affinity, bromine causing a smaller increase than chlorine. 
If S is substituted for O in the group CO OH in acetic 
acid, the value of K is raised from '0028 to 0469 ; while the 
substitution of the group SH for H in the same acid is 
attended with an increase in the value of K from 0018 to 
*0325 only. The greater or less acidic character of such 
groups as OH, OCHa, OCgH#, NO9, &c., is quantitatively 
measured by the increase in the value of K attending the 
substitution of one of these groups for H in an acid. In 
the acetic acids, the change of H to OH is accompanied 
by an increase of affinity, OCHj is more acidic than OH, 
amd OCaH* is the most acidic of the three radicles con* 
sidered In studying the relations between the affinities 
of acids and their derivatives, attention must be paid not 
only to the composition and character of the replacing 
groups, and to the series of acids in which the replace- 
ment occurs, but also to the position of the replacing 
gtoups relatively to the other atoms of the molecules. The 
influence of position is very marked in the affinities of the 
isomeric oxy, chloro, nit to, methoxy, and acetoxy, ben- 
zoic acids. The following numbers exhibit the influence 
of the positions of the replacing groups 

, COOH - OH . OH I : 3 ; 3 *^4 


of WisHcenus for citraconic and mesaconic acids are 
adopted we should expect the former to be the stronger of 
the two. These formulae represent the acids as geometri- 
cally isomeric ; they are — 


H,Cv /COOH 

IK ^COOH 


HOOCv /CHi 

and /C-C< 

IV ''COOH 


c^K^coon 

COOH 

. COOH 

^ 0C)H|0 . COOH 

' It, ; »i t, 

, OCH, . COOH 


•I 14 
X306 

•015s 

*132 

^34S 

•616 

0333 

'00422 

’00815 

*00301 


^ stM that the group OCH„ or OC-HjO, substi- 
H in beiisoic acid, raises the affinity, if the 
Sb pilac^ in the ortho-position, decreases the 


^ position of Ihe repbo^lg groups on the 
bf ^affinity io connexion 

of acids and the sjfMce-arrangement 
tbrm the molecules of the acids ; 

such acids as maleic and 
‘‘tnd itacontc, confirm this 
' M abouKtwelve times stron^r 

nearer one 
Again, if the fbrmulfe 


The values obtained for K are, for citraconic '34, for 
mesaconic '079 : the third isomeridc, itaconic, is very 
weak ; K «» '022. 

Ost Wald’s researches open up a new path along which 
advance may be made ; they show us how to connect the 
characteristic property of an acid, its affinity, with the 
constitution of the acid ; they form a further and more 
important step towards solving problem of chemistry, 
which is to find definite and measurable connexions 
between the properties and tlie composition of homogeneous 
: kinds of matter, 

j But the coefficient of affinity of an acid has not yet been 
fully analysed. What is the meaning of the constant K ? 

; What is affinity ? The value of K for a monobasic acid 
i measures the readiness of that acid in solution to take 
I part in chemical changes, and also the readiness of an 
aqueous solution of that acid to conduct electricity. Now, 
when a compound is electrolysed, the parts or ions into 
] which it is separated are chemically equivalent and carry 
i with them equal quantities of electricity, and the elec- 
1 tricity travels only with the ions. The conductivity of the 
j electrolyte will depend on the number of molecules 
( electrolysed, and on the velocity of transference of the 
1 ions across the space separating the electrodes. The 
i greater the number of molecules separated into ions, 

I and the more rapid the migrations of these ions, the 
' greater will be the conductivity of the substance. Hence 
I the value of K for an acid will be conditioned by the 
amount of separation into ions, and the rate of migration 
of these ions ; lA, the affinity, as well as the conductivity, 
of the acid will depend on these quantities. The ions 
into which a monobasic acid is separated when electrolysis 
occurs arc H and a negative radicle ; the scheme of 
electrolysis may be represented as HR“= H + R. As 
hydrogen moves much more rapidly than the most rapid 
negative acidic ion, the molecular conductivity of a 
monobasic acid in solution is chiefly conditioned by the 
degree in which the acid is separated into its ions. The, 
affinity of the acid is sometimes dependent to a consider- 
able extent on the velocity of the negative ion: in such 
i cases acids which are separated into their ions to an equal 
I extent will exhibit different affinities ; in other cases the 
degree of electrolytic separation is the chief factor con- 
ditioning the affinity. Now the fact that, so far as accurate 
research has gone, electrolytes fully obey Ohm’s law, or, 
in other words, the fact that the smallest electromotive 
j force suffices to cause electrolysis, points to the action 
; of the E.M.F. in electrolysis as being only a directive 
I action on the ions already existing. This view of electrolysis 
, has been developed by Clausius, and recently by Arrhenius, 
j van 't Hoflf, ana Ostwald. The hypothesis, in its present 
! form, bids us regard an aqueous solution of an electrolyte 
i as already more or less completely dissociated ; it bids us 
j see the molecules of the electrolyte in the solution m 
I dissociated into their ions; it says that the electrolytic 
i and the chemical activity of the solution is dependent on 
the ratio between the number of dissociated, or ** active,” 
molecules, and the number of undissociated, or “ inactive,” 
molecules. This view of electrolysis, and of chemical change 
occurring between electrolytes, regards an aqueous solution 
of a strong acid as containing a great many free ions, which 
are, respectively, hydrogen and a negative radicle ; it 
looks on ah aqueous solution of a weak acid as containing 
only a few free ions. 

There are difficulties in the way of accepting the 
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iiypoiKcftis of electrolytic diwociation. At first sight 
one is shocked by being told that a very strong 
acid such as nitric acid^ or a very strong base such as 
potash, is dissociated in aoueous solution^ to perhaps 90 
per cent, into its^ions ; in tne case of potash, one remarks 
that the ions must be potassium and the group O H ,and that 
each of these bodies reacts with water the moment they 
are brought into contact. To meet these objections, 
Ostwald reminds us that a chemically energetic com- 
pound is one which readily suffers chemical c^nge, and 
the parts of which are therefore i:eadily separated ; and he 
remarks that the ion potassium is not the same thing as 
ordinary potassium ; the ion holds a large electric charge ; 
when it comes to the electrode it gives up this charge, 
and iken^ but not till then, it reacts with water, llut 
difficulties still remain : one of the greatest is to explain I 
the mode of action of the solvent. Docs the solvent j 
merely form a medium in which the separate ions move 
about ? Why then does increase of solvent increase the 
amount of dissociation ? May not the solvent react , 
with the dissolved body to form complex molecular \ 
aggregates which then dissociate into simpler ions? Is j 
the dissolved body the electrolyte, or is the electrolyte a j 
compound, or aggregate, made up of the dissolved body i 
and the solvent P J s the electro!) te actually separated into j 
its ions in the solution, or does it only exhibit an “apti- | 
tade for directed dissociation^^? These questions, and ; 
questions such as these, have yet to be answered. | 

The hypothesis of electrolytic dissociation has been 
worked out in detail in several directions, by Arrhenius 
and Ostwald, and has been found to give results in keep- 
ing with experiment. In considering its application to 
explain chemical change between electrolytes"— for it really 
presents a theory of chemi^^l changes between electrolytes 
—it is necessary to remember that, in its present form at 
any rate^ it' is applicable only to substances in aqueous 
soKirion. Because a solution of hydrochloric acid is vety 
chemically active, it does not follow that liquid HCl 
should also be chemically energetic ; nor, because gaseous 
HCi is not diiwociated by heating to a fairly high tem- 
perature, doOs^it follow that an aqueous solution of this 
compound should not be largely dissociated into the ions 
hydrogen and chlorine. 

The hypothesis of chemical change between electro- 
lytes in solution, which is. based on van Hoff's extension 
of tlie law of Avogadro to substances in dilute solutions, 
and on the general close agreement between such dilute 
solutions and gases, cannot yet be dnaDy accepted or 
rejected by chemists. It has already done much to draw 
closer the connexions between chemical and electrical 
phenomena, it has gone further than any other hypothesis 
of chemical change in helping forward the solution of the 
main problem of chemists, and it has opened up many 
new lines of advance. 

There is one general conclusion to be come to from the 
study of all the recent work on chemical affinity : I think i 
we may a^tree with Ostwald when he says that Bergmann I 
was certainly right in assigning a definite affinity to each 
element and compound, and that Berthollet was right in | 
asserting that affinity is modified by the relative masses of 
the reacting bodies, but tliat Bergmann erred in saying 
that chemical change always occurs in one direction only 
and that the direction of the strongest affinities, while 
Berthollet also erred in regarding the affinity between 
acids and bases as inversely proportional to the equivalent 
weights of the reacting co.ii pounds, Bergmann^s error has 
been revived in modern times % it has now assumed a 
physicochemical aspect ; it finds its expression in 
Bertbelot’s so-called law of maximum work^ which asserts 
that every chemichl change accomplished without, the 
addition of energy from without tends to the formation of 
that body or system of bodies the production of which 
is accompanied by the development of the maximum 
quantity of heat. In so far as this statement can be 


translated into precise terms it can be proved to be dynamic 
caliy unsound. When applied to chemical reactions, it tella 
us that of several possiDle pactions that one which 
accompanied by the production of the greatest quantity 
of heat occurs to the exclusion of othera ; but this has 
again and again been experimentally disproved. 

M. M, Paitisow 


T/i£ PASTEUP INSTITUTE. 

L ast week the Lord Mayor received a letter from 
' M, Pasteur, acknowledging receipt of the resolu- 
tions passed at the recent Mansion House meeting. In 
this letter M. Pasteur writes : — 

‘‘if the aphorism that science has no country has 
never received authoritative sanction, it did so at this 
meeting, in which the leading savants in biological and 
medical science of the United Kingdom took part. I 
wish I could thank them individually for having attended 
this gathering. I was filled with gratitude on learning 
that the Prince of W'ales himself had accorded his high 
approbation of your initiative. Modesty compels me to 
pass over in silence the kind words of which my labours 
and those of the Pasteur Institute have been the subject, 
but I have a right to rejoice with all friends of the 
progress of humanity at the great moral effect of the 
meeting. 'Fhe manifestation of July x had not only for 
its object the question of the treatment and possible 
extinction of h>drophobia in England, but in the nature 
of things it was also a protest against that false sexul- 
mentality which led certain persons, not— which was 
already a strong point with them— merely to put on the 
same footing the life of men and that of animals, but 
even to prefer the existence of animals to the salvation of 
human life. When this view is taken, what is the limit ? 
We must become firm vegetarians. We must even extend 
our scruples so that no living being is sacrificed, We 
must endure the importunities of a mosquito, the daring 
of a mouse, the stings of a flea— false ideas or excuses 
for a tirade which one finds is most often at the bottom 
of all the attacks on experimental physiology. Certain 
credulous souls— by I know not what talcs — imagine that 
our laboratories are chambers of torture. They ignore 
the fact that the rabbit or the guinea pig is rendered 
insensible by chloroform before itls subjected to the most 
insignificant operation, As for me personally, the suffer- 
ing of an animal affects me sb much that 1 would nevexr 
shoot a bird, and the cry of a wounded skylark pierces 
me to the heart ; but If tne investigation of the mysteries 
of Nature and the acquisition^ Of new truths be at stake, 
the sovereignty of the object Alb Who, then, 

having the least regard for the pursuit of the knowledge 
of the mysteries of Nature, would put iwthe balance the 
sacrifice of a few fowls and rabbits with the discovery of 
the attenuation of virus and prephyladtics which have 
resulted ftx>m such sacrifice ? No one, my Lord Mayor, 
will have contributed more than you have done, to rectify 
the errors which under a show of compassion can only 
hinder the progress of science and compromise even the 
moiC legitimate interests of humanity/* 


THE TEmE^TElAL @L<mE AT THE PAEIS 
EXHIB/T/ON " 

COME time the opening of the Paris ExddbMen 

^ it was announced that one of thelattraciioDe^ the 

show would be a great terrestrial 

the actual aim of the earth. This 

in ahuilding specially aured^, aijdrvlKjirllw 

the purpose,, and it tiM 
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aii4 Cdtaidi and these gerrtlemcn, who have received 
mATiry congratulations on their success, have lately issued 
an account of the manner in which their project has been 

Maps on a plane surface give, of cau£e, a very in* 
adequate impression of the real appearance of our planet ; 
and ordinary globes are too small to indicate, even 
vaguely, the extent of the spaces represented on them. 
The idea of making a globe one millionth of the size of 
the earth deserves, therefore, to be described as a “happy 
thought/’ for, although the meaning of a million may not 
be fully appreciated, it is not absolutely inaccessible to 
the human mind. When we see a place or a district 
marked on a globe, and learn that the reality is a million 


times larger, the proportions are impressively sug^sted, 
with at least some approach to accuracy. 

The diameter of the globe constructed by MM. Villard 
and Cotard is 1273 metres. It has a circumference of 
40 metres, and a millimetre of its surface represents a 
i kilometre. The globe consists of an iron framework made 
! chiefly of meridians united to a central core. This 
] structure is carried by a pivot resting on an iron support. 

I To the meridians pieces of wood are attached, and on 
I these arc fixed the panels composing the surface of the 
] globe. These panels are maae of sheets of cardboard 
bent by band to the required spherical shape, and covered 
with plaster specially hardened. Fig. 1 ^ shows how they 
are applied to the underlying structure. The total surface 



is divide into Ibity spindie^sha;p^ spaces, the breadth 
of eadi of which, at the equator ts exactly one metre. 
Each ** spindk " is itself subdivided, so that there arc 600 
panels Of various dimensions* The designs are painted 
on the panels before ihty are put in their place, in order 
that the globe may ultimately be easily’ alemantled and 

reifidvcd^. - 

edifice in which thc.globc is shown has a metallic 
imntfwoik Ibrnilng a cupola. U is lighted from above, 

of the sides. From a terrace 
the visitor can see 
and lempetwte fogteos of the northern hemi- 
^ he de»^dsi he Is ehle to see In succession 
of the^^hm to the south pole. At the 


bottom he comes to the support of the .globe with the 
apparatus for putting it in motion (Fig. a). 

Even the loftiest mountains, if shown in relief, could 
only have been represented by elevations a few milli- 
metres in height. Consequently the various mountain 
ranges have been painted on the surface. The various 
depths of the ocean are indicated in a similar manner. 

To facilitate the study of the globe, it has been momued 
with its axis vertical, and it rnay be turned upon the pivot 
which carries it. If its rotation were made to equal that 
of the earth, at its equator, a point of its surface would 
move at the rate of half a millimetre in the second. This 

* Wfl are inJebiel^to thi tditor of L t Ns/m/v firiha here re* 

produci4. 
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movement would scarcely be visible, but it would^ of have a diameter of 1400 metres, and be distant about 150 
course, represent an actual movement of the earth over kilometres. The diameter of a globe representing Jupiter 
half a kilometre in the same lime. on the same scale would be one<rhalf^ that of a globe 

A figure of th^c moon, corresponding to this one of the representing Saturn on the same scale would be a 
earth, would hsvt a diameter of 3* 50 metres, and would little more than one*third, of the height of the Eiffe) 
be 384 metres distant. A like figure of the sun would Tower. 



Fm. 3. * 


This is not the first occasion on v^hich an attempt has for its purpose than its successor in the Paris 
been made to suggest by means of a great globe the sise tion. 

of the earth, and the extent of its oceans and land-masses. It is significant of the present Stage ctf oirt^ fcnd#ledga 
The globe of the Chateau of Marly, which is still to of the interior of Africa that the piakerapf the ghubOi^ 
be seen in the National Library of Paris, excited much preparing their mitpS, bgd twice tO alte^ iMr 
admiration in the age of Louis XIV , but it has only a tion of that continent in ordbr to indicate the 
diameter of about 5 metres, and is much less effective the hmst recent geogiajphical;PiM^ V 
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MARINE BIOLOGY IN THE UNITED STATES. 

^^HERE has recently been issued the first Annual 
4 * Rt^rt of the Marine Biological Laboratory at 
Wood^s Holl, Mass. The Laboratory is an outgrowth of 
a smaller predecessor maintained at Annlsquam, Mass.,> 
for six j^ears, by the Woman^s Education Association of 
B^ton, m co-op«ration with the Boston Society of Natural 
History ; and the locality where it is pitched is one 
which has been in especial favour with marine soolo^sts 
of the New World, from Alex. Agassiz downwards. The 
edihee is a small one (63 x 28 met), two stories high, of 
plain but very substantial build. It has been especially 
designed for the purpose to which it is put, and there are 
eight private rooms available for the use of investigators. 
Conspicuous among the names of those chiedy concerned 
in its maintenance are those of persons known to be 
familiar with the workings of the leading biological 
laboratories abroad ; and Dr.C. O. Whitman, of Milwaukee, 
has accepted the ofHcc of Honorary Director. It is thus 
manifest that, in the selection of those who are to control 
the working of their enterprise, the promoters have 
secured the services of those of their countrymen whose 
influence would be most conducive to a successful issue. 

The Laboratory is regarded by the Director as a “first 
step towards the establishment of an ideal biological 
station, organized on a basis broad enough to represent 
all important features of the several types of laboratories 
hitherto known in Europe and America." In a very 
interesting opening address, the same gentleman lays it 
down as a tenet that “a biological station should be a 
purely scientific affair from beginning to end,” and the 
spirit of his words appears to have entered into the very 
organization of the institution over which he presides. 
Competent investigators not requiring instruction are 
invited to carry on their researches free of charge, and a 
small fee is asked only of those whose work requires 
supervision ; while, with a view to developing the 
resources of the count ly, provision is made for the con- 
ducting of short seven weeks* courses of instruction in 
marine zoology and microscopical technique. ‘Arrange- 
ments are also to be made for the delivery of “ occasional 
lectures, or informal accounts of results obtained in special 
lines of research carried on at the Laboratory.” 

The above-named short courses of instruction are no 
mere vacation ones, whereby the Laboratory would be in 
danger of conversion into a summer rendesvous^ but 
recognized portions of a working scheme ; and, in pro- 
viding for them, our American brethren have taken 
a new and most important departure in the advance of 
biological education, and one upon which we ourselves 
might well act. To many of us it has long been obvious 
that our own methods of teaching elementary biology are 
being overstrained. The type-system, in which we justly 
glory, is being pushed to an extreme not dreamt of by its 
founders ; but while some such method must always be 
rdied upori for a first beginning, we stand in need of a sup- 
plementary system, whereby thete may be assured to the 
advanced student a fi^Idof labour less restricted than that 
now latrgely adopted. We would have him brought face 
to face with i^amlUar forms of life— forma of which he 
might probably never have heard— and left to himself 
(competent assistance being accessible in case of emer- 
gency) to identify and to determine them. The student is, 
at present, nurtured on toagreat a regard for authority ; he 
to rely too fully upon his tea&ilmt|and his powers 
of Indfapendenc Judgment become thet^tipy stuated ; and, 
Unless soihe means be ta|m to dispel Ibis delusion, the 
d^isteniatic worit of even the near future must suffer. We 
are of opinion that the remedy Is to be found in some such 
itoion as that institnted by the officers of the Wood’s 
HoB LiibOratory. We more field-work, and the 
Should be compelled to supplement 
m s^ial training which he now receives with, say, a 


two to three months’ course at the sea-side. Many of our 
existing schools are already located in situations favour^ 
able to the requirements of the case, but their movements 
are so hampered by the demands of the narrow “ syllabus 
that little opportunity is left them for the development of 
their special resources. Setting these institutions aside, 
however, we believe that access to a fully equipped labora- 
tory is not a *ttne qud non for the fulfilment of that which 
we desire. Jt is true that “any enthusiastic young person 
who may unfold his umbrella on the sea-shore ” cannot be 
said to have opened a zoological station ” ; but it is none 
the less certain that a born biologist will pursue his 
calling even under a sunshade, and it should be one of the 
highest aims of our educational system to single him out. 
To this end, let the studefit found his own laboratory in a 
convenient room in some good locality ; set him to collect^ 
to identify, and to preserve ; let him rely upon his- 
ingenuity for the construction and arrangement of his. 
accessories ; give him ample opportunity to make the 
most of the resources of the surface-net ; and leave the 
rest to nature. The student who, granted a previous sound 
elementary training, free of bias, would most readily rise 
to the emergencies of the case we picture, would be he to 
wdiom we would most confidently intrust the future de- 
velopment of our science ; and it cannot be denied that 
our existing methods of training fall short as a sure means 
of securing him. 

Our American brethren are content with humble be- 
ginnings. Their Laboratory is small, but it is managed 
as such an institution should be. We believe our 
dream to be indicative of a general want ; and, should 
its realization ever come about, to the women of \he 
United States will be due the honour of having inaugur- 
ated a recognized system of training such as, to us, seems 
most desirable for its attainment. Better this than empty 
glory in a costly edifice. 

^ Young as is the Wood’s Holl Laboratory, a record is 
published, without ostentation, of work commenced in 
five definite subjects, and efforts are being made to 
establish a scholarship fund in connection with the insti- 
tution. Tile citizens of the United States are now striving 
by private enterprise to do, for the pure science ol 
aquatic biology, that which their legislators have so nobly 
done for the fish industries. We heartily wish them 
success. G. B. H. 


NOTES. 

The next International Archtcological Congress is to be held 
in ChtUtiania in 1891. It was originally intended that it should 
be held in London. Dr. Ingvald Undseih, of Christiania, is 
the General Secretary. 

More than 500 members will take part in the forthcoming 
Oriental Congress in Stockholm, among them being official 
delegates from Egypt, Persia, India, Siam, China, and Japan. 
Two fanioos Arabic scholars of Medina — Mahomed Mahmud 
and MaJiomed ChingttM— will also be present. 

The programme of the second summer meeting of University 
Extension students and others, to be held in Oxford next month, 
is now published. The programme, as compared with last year’s, 
"shows one remarkable difference. The summer meeting of tbU 
year is to be divided into two parts* the first of which, lasting 
from Tuesday, July 30, to Friday, August 9, reproduces the 
main features of the meeting of last year— meetings, ^mversa^ 
$i0neSf excursions, lectures and visits to libraries, museums, and 
so forth. On the list of lecturers appear the names of ProL 
Max Miiller, Sir Robert Ball, Mr. Herkomer, Mr. Lewis Morris, 
Prof. Henry Morley, Mr. \V. J. Courthope, Mrs. Fawcett,^ 
Prof. Thorold Rogers, Prof. Pritchard, Prof. A. H. Green,^ 
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Prof. S, R. Gardineri Mr. Arthur Sldgwick, Mr. R. O. MauUon, 
ttnd many others. The seeoml part of the mectingt which is 
the special fcatirre and new departure of this year, is to begih 
on SattttJay morning* August 10, and end on Friday evening, 
August 30. ThA is intended to be a period of mote serious niHl 
sustained study and instructiun for those whose leisure and in- 
dustry have not been exhausted during the previous ten days, as 
well as for those who may prefer three weeks df more quiet and 
systematic reading and- lecturing. The lectnl^it in ibis second | 
part are arranged in connection with lectures of a more genera^ 
character delivered in the first part. It is estimated that the 
total expense of attending the first part of the meeting need not 
exceed j(f5 for each person (Including railway fare and price of 
ticket), and may be considerably less if several persons live 
i:ogcther; while jfio, it is estimated, may cover the expense of 
attending both parts of the n\eeting. The Secretary is Mr. W. 
A. S. Hewins, 3s Commarket Street, Oxford. The number of 
ticketa is limited to taoo, of which about five-sixths have been 
thready applied for. 

Sir Edwart> Watkin was the dient for whom Mr. Perks 
bought the summit of Snowdon at Tokenhouse Yard last week. 

It is said that Sir Edward has intimated his intention of offer- 
ing a site on the suntmit to the Royal Astronomical Society for 
purposes of an observatory similar to that on Ben Nevis. 

On Monday a deep-sea exploration party started from Kiel, 
on board the steamer National ^ for the Greenland coast, where 
they propose to carry on a series of submarine soundings and in- 
, vestigationSf The expedition is directed by Prof. Hensen. 

According to the Times of India^ Mr. Oldham, of the 
Oeologicat Survey of India, who is at Simla at present, is to be 
deputed to Mergui, in Burmah, on geological work, 

Mr. Elliot, head the Meteorological department, has, 
act^rding to the Times of Indla^ reached Simla after a long and 
Useful tour. He has arranged for the publication of a map of 
Bombay, showing the daily state of the weather on the coast, 
similar to that issued in Calcutta. 

The vexed and protracted question of a good zoological col- 
lection for Bombay is, after years of discussion, at last on the 
point of being settled. It came to the ears of the Governor, 
Lord Rray, that the terms on which the Victoria Gardens are 
held by the^iyiunicipalily of Bombay were at the bottom of the 
w hole difficulty. No charge for admission could be levied at 
any time without the express consent of the Government. But 
without the aid of fees it would be impossible to maintain, 
much less to establish, a really good collection. The Govern- 
ment thereupon intimated their wiUrngness to see a mmlerate 
fee charged for admission on certain days in the woek, and on 
June 17 the matter was brought before the Corporation, and 
the piopofa’s of ihc Municipal Commissioner were accepted. 1 
Curiously enough, the Times of India^ which brings this informa- 
tion, also contains a letter from Mr. H, B. Brady, F.R.S., from 
London, describing the present eoological collection of Bombay 
as " a few poor beasts wretchedly housed," But now that fees 
can be charged at the Victoria Gardens, the situation is entirely 
changed, and there is no reason why the Bombay zoological 
col lection should not speedily equal the fine collection at 
Calcutta. 

Dr. Fran’cis Day died on July to at his residence, 
Kenilworth House, Cheltenham. He was appointed to the 
Madras Establishment in and after taking part in the 
military operations then in progress at Burmah, foe Svhi6h he 
received the mfdal, he devoted himself exclusively to the Sttidy 
of fishes, and became Inspector- General of Fisheries in India, 
The results of his labowiV he presenied In reports to the Govern- 
m a i l oMndi a of 1^65 to tByy, in^imerons papers to scientific 


journals, and in the following general publications:-— ** The 
Fishes of Malabar,*’ 1865 ; ** The Fishes of India," 1868 ; ^^The 
Fishes of the Andaman and Nicobar IsIandK," 1870 ; 
'^The Fiesh-water Fish and Fhherirs of India and Burmah," 
*873; “The Fishes of India," second edition, 1875-79; and 
“The Fishes of the Kilghiri Hills and the Wynaad," 1876. 
1 'he Imperial Mmeum at Calcutta possesses his type collection 
of Indian fishes ; end collections formed by him are in ihe 
Natural History Museums at l^yden, Berlin, Florence, and 
Sydney, and in the British Museum, lo which he also Sant his 
collection of Indian crabs. Dr. Day retired from the Madras 
Medical Stofif in t$ 77 * He then tsegan the study of the fishes 
and fisheries of the United Kinjilom, tend in j88o-* 83 pub- 
lished ** The Fishes of Great and Ireland." He was 

created a Companion of the Order of the Indian Empire in 1885, 
and about the same time received the cross of the Order of the 
Crown of Italy. 

According to the Colonies awl Tndia^ the Dunedin Acefi- 
matization Society have solved one of the greatest problems in 
connection with the accUmatiaation of salmon. They have pro- 
cured ova from fish reared from ova sent from this country. It 
is claimed that this has never before been done in any part of 
the world. 

In connection with a note by M. Leroy, in the Comptes rendus 
of June 17, M. Landerer pointed out, in a note read at the 
meeting of the Paris Academy of Sciences on July 8, that he 
was the first to describe the phenomenon of the decomposition 
of the image of the horizontal lines seen with the eye which 
remains closed during microscopic observations. M. landerer 
ofiered two remarks in addition to his former statements; (i) 
although the effort made by the eye in microscopic vision ap- 
pears to be of the same nature as the effort demanded by 
telescopic vision, the trouble caused to the closed eye is 
much more sensible in the former case than in the latter, no 
matter what the telescopic object may be. (2) The disposition 
which must be given to the eyes during microscopic vision in- 
volves the crossing of their optical axej, producing an effect like 
that of " sirabism." This is proved by the fact that, in giving 
them this disposition, and then applying the eye to the ocular, 
one perceives the image distinctly. It U this simultaneous work 
of the two eyes that explains the trouble experienced by the eye 
which does not lake part directly in the act of vision. 

The Reale Itlituto Lombardo proposes as subject for the 
Cagnola Prize (2500 lire, and medal 500 lire) in 
(** ordinary " competition} the following i^lnvestlgatmo Of one 
of the (at present few) trisubstUuted derivatives of befieol ; 
their mutual relations, and relations to the bieubslituted deriva- 
tives to be studied, and facts ascertmned which will throw light 
on the laws of their properties and constitution. Samples of 
new bodies to be furnished. The date is A, ril 30, 189a For 
Ihe **extraordinary" eotnpeUlion(saine value of prize), a pHysico- 
physiological monograph oh one of the larger Lombardy lakes 
is invited. The reaeayeh must be carried out according to the 
directions published by Prof. Forel, of Lansanne, 4 n 1887 
Date May t, 1890, liilrdly, a similar prize is offeied for dis- 
coveries on the cure of pellagra ; cr the nature of totasma and 
contagion ; or the steetiqg of balloons ; or means of pteventing * 
the faliificafion offeiiFng. , Datp Deoember^L 1889* Monu- 
setipts ItoRan, or Latin) are to be «ent, with seUkd 

letter, to the SeckWl^y df the lastUnte in MUan. 

The Transvaal Volksraad is reported to have plaped 
on the esjitoates for the current ^ear, fbr thepuri>6etrOf eodowing 
the first Univenity of the Republic ; ' 

According to the CaleuUa Correspomleht of the a, 

herd, of lOo wild etephunts hAs hceo eaptured ih 
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Sttp«iiTit«pdent Th« same correspondent states 

thttt there were 6odo death!^ by snake-bites in the North-West 
Provinces lost year. In Madras, 10,096 cattle were killed by 
wiM animflU, and (he loss of human life by snakes and wild 
nnimata was 1642. 

In a. telegram from Tashkend, dated July 12, it is stated that 
a shock of earthquake had occurred at Djatkend, in the Govern- 
roent of Semiretchinsk, by which half the town was destroyed, 

PkoF. W. Forster, Director of the llerl in Observatory, states 
in the KtichsantHger shortly before midnight on the nth 
inst,, undulatory motions were observed in two water balances 
pointing north and south in the llcriin Observatory. These 
motiona, he believes, were a distant effect of the earthquake near 
Tflshkdnd. Similar motions were observed in Berlin, Breslau, 
nnd Kbnigsberg on August 2, 1885, and it is concluded that they 
were caused by an earthquake which, as was afterwards found, 
had taken place at Tashkend half an hour earlier. 

A SLIGHT shock of earthquake was felt at Charleston, U.S. A. , 
at 9 47 on the evening of July 1 1. The diiturbance lasted three 
seconds, and was accompanied by slight subterranean rumblings 
The direction was from north to south. 

At a recent meeting of the German Meteorological Society 
in Berlin, Dr. Lang, of Munich, read a paper on the velocity 
of propagation of thunderstorms in Sjulh Germany in the ten 
years i879“88. This is, on an average, 38*4 kilometres per 
himr ; but it has varied considerably from year to year, in- 
creasing in the years to 1884, and thereafter decreasing. To 
this corresponds a curious vaiiation of van Bebber’s fourth and 
fifth depression-patliH ; which lay in the north at the beginning 
of the period, then moved south to Souih Germany till 1S84, 
after which they retired nortli wards. Hail frequency has varied 
in an opposite sense to the velocity ; but the rapidly moving 
winter thunderstorms have most hail. The velocity is maximum 
in winter; it falls rapidly till May, slowly rising thereafter (with 
a second depression in .September) till winter, 'J’lie velocity is 
greatest in storms coming from the west. Dividing the region 
into four zones from north to south, there is a decrease in the 
velocity, at first slight, l>ut getting very rapid on reaching the 
Alpine region, The velocity is greatest about midnight, least 
about midday. At the same meeting, thunderstorms and hail in 
Uavnria in 1880-88 were the subject of a paper by Dr. Horn. 
These phenomena in general correspond ; both have a maximum 
early in July, but the hail has a second maximum, nearly as 
great, in May. Both phenomena show a jironounced day 
maximum about 3 to 4 (in winter about 2 to 3), and a minimum 
in the morning from 7 to 8. Dr. Horn said hail never fell 
in Bavaria without electric discharge, but Dr. Assmann main- 
tained it did sometimes in Prussia. 

We have received from Mr. A. 1.. Botch the observations 
made at the Blue Hill Meteorological Obsen^atory in the year 
1S87. This Observatory, which was established in 1885, is now 
one of the beat-equipped stations in the United Slates ; it is 
situated hi Norfolk County, Massachusetts, about 635 feet above 
the level of the sea, being the highest point within ten miles of 
the Atlantic coast from Maine to Florida, ^and commands an 
utthroken view of the horizon in every direction. The value of 
(he atatiem has been recognized by the Hpmtd College, and 
the prese>tt volume appeon as vol. xx. Part f, of the Anoals of 
the Astronomical Ol»ervAt<iry of that ioatUurion, which is about 
twelve mlkf distant. Arrar^^ements have been made for the 
0^ fhls new ibrm of pubticatjon, and the ultimate 
cojtoolidatioh of the two matitutlons is contemplated— a step 
#ilflns4tre a more complete discussion of the observations 
po^iblehit^^^ In addition to monthly sum ^ 
hwirlei, the present verfume eontaihs hourly values of all the 


principal elementf. The hourly obicrvations of rainfall, cloud, 
(7h. a.m. to nh, p.m.), and sunshine are especially valuable. 
The sunshine observations arc given in a novel and convenient 
form, showing the amount, in tenths, for each hour. The 
appendixes contain interesting discussions on thermometer 
screens, and on the di/Te rentes of temperature between the base 
and the sutnmUi as well as tracings from the self-recording 
instruments illustrating special meteorological phenomena. We 
congratulate Mr Botch and his staff on the completeness of 
their valu.ible work. 

Amongst the many beneficial measures which have taken 
place in Mexico, during President Diaz's four years' administra- 
tion, Sir Francis Denys, of the British Legation, Mexico, in 
his last report, mentions those for the study and preservation of 
ancient monuments and historical remains. An inspector has 
been ap|>ointed, the building for the National Museum im- 
proved, nnd various collections relating to natural history, as 
well as to archieology, have been added. An arcbeeological 
map of the Republic has been made, and plans and photographs 
of the palaces of Mitla have been obtained. Kxploralions of the 
ruins ofXochicalco, and of the pyramids of Teolibuacan have been 
undertaken, many interesting discoveries rewarding the explorers 
of the latter. A wall, 360 metres long, 3 metres high, and 
i metre broad, has been constnicted around the julaces of Mitla 
for the protection of these gigantic monuments. The Republic 
now possesses a fine public library, where ancient documents 
and a large collection of scientific and historical works arc at the 
disposal of the student. 

AftoUT fifty objects of various kinds from the early Iron Age— 
swords, axes, arrow-heads, &c. — have lately been excavatedf 
from a barrow at Mvideseid, in South-Eastern Norway. 

Ak ancient canoe, hollowed by fire from the trunk of a tree, 
has been discovered in a moss at Thorsager Thor’s Field ”) ii> 
Jutland, 4 feet below the surface. 

In the Report, just issued, of the trustees of the South African 
Museum for the year 1888, reference is made to the unwelcome 
appearance in some number, in the entomological collections, of a 
jieslvery prevalent in Europe and elsewhere, but hitherto of com- 
paratively rare occurrence in South Africa, viz. the minute 
neuropterous insects belonging to the genus /Ww-s and com- 
moniy known to collcclois as mites." It is not improbable 
that the unusually wet weather of the latter half of the year 
favoured the muUipUcation of these destructive insects. Naph- 
thaline has been found very serviceable as a check to their 
aMacks. 

We notice the appearance of the second volume of the 
“ Ornitographia Kossica," by Th. Pleske, jnihlished by the 
Russian Academy of Sciences. It contains n description of the 
Syhitfi of the Russian Empire. A new edition of N. Kaufman's 
“Flora of the (Jovernment of Moscow," has also been issued. 
This remarkable work, which is regarded as classical by Russian 
botanists, was out of print. Ii has been thoroughly revi-ed, and 
may be considered the most trustworthy source of information 
as to the flora of Moscow and the central plateau of Kubsia. 

The third volume of the “ Ethnography of the Caucasus, " now 
being published at Tiflis, contains the researches of Bnron Uslar 
relating to the Avarian language. This language is spread in 
Daghestan, over a territory which crosses the highlands from 
north to south, and separates theenstem group of the Daghestan 
langusges from the western. It is used by most tribes of the 
highlands in their mutual relations. Although possessing in ita 
alphabet a great number of consonants hardly distinguishable 
from one another by the untrained ear, it is said to be very 
agreeable on account of the excdlent proportion* between the 
consonants and the voweL in its words.. 
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A T'ULt bibliography of Russian books and papers on 
mathematics and physical sciences since the earliest days of print* 
ing is being published at Moscow, by V. V, Bobynin. The first 
instalment of the second volume brings the work down to the 
year 1774. * 

In the new number of Hm*vard College BuHelin Mr. W, H. 
Tillinghurst has the following note : — '* It is believed that M. 
Chevreul reached a greater age than any other person who had 
received a degree from Harvard College, outliving by a year 
Judge Timothy PWar (1767), bom J^ly ii, 1747, died February 
ai, 1849, at the age of toi years, 7 m:Miths, xo days, who re- 
ceived the degree of LL.D. in 1847 on the completion of his 
one hundredth year. Two graduates of American Colleges have 
outlived M. Chevreul. Rev. John Sawyer (Dartmouth, 1785)1 
was bom October 9, 1755, and died October 14, 1858, aged 
103 years, 5 days. He received the degree of D.D. from 
Dartmouth in 1857, when 102 years of age. But the oldest 
College graduate in this country known to the writer was 
Nathan Birdseye (Yale, 1736), who was born August 19, 1714, 
and died January 28, 1818, aged 103 years, 5 months, 9 
days,” 

Some interesting facts concerning the element " tellurium 
have been brought to light by Dr. Brauner, of Prague, during 
the course of a series of atomic weight determinations, an ac- 
count of which is given in the July number of the Journal of 
the Chemical Society. A determination of the atomic weight 
of tellurium made by Berselius in 1832 yielded the number 128*3, | 
and a later one in 18571 by von Hauer, gave the value 127*9. I 
Hence 128 has usually been accepted as the true atomic weight. | 
The properties of tellurium, however, indicate that it belongs to 
the sulphur group of elements, and that its position in the 
periodic system lies between that of antimony, of atomic weight 
ISO, and iodine, of atomic weight 127. But according to the 
above determinations the atomic weight of tellurium is higher 
than that of iodine. Hence we are obliged to admit one of two 
things ; either that the atomic weight of pure elementary tellurium 
has been incorrectly determined, or that the periodic law of the 
elements, that grand natural generalisation whose distinguished 
eUborator English chemists have recently been delighting to 
honour, breaks down in this particular case. In view of the 
overwhelming mass of experimental evidence which has now 
accumulated in support of this generalization, the latter assump- 
tion cannot for a moment be tolerated. The redetetmination of 
Dr. Brauner becomes therefore of primary importance, and his 
results partake of the highest interest. The mode of procedure 
which afforded the most satisfactory results consisted in the 
analysis of tellurium tetrUbromide, TeBr4, purified in the most 
complete manner, by means of silver nitrate prepared from pure 
silver. The mean atomic weight from these experiments was 
found to be 127 ‘6x, the maximum being 127*63, and the minimum 
€27*59. Hence there can no longer be any doubt that the 
substance we term tellurium does possess a combining weight 
larger than that of iodine. Now comes the question : Is this 
substance pure elementary tellurium ? If it is, then, as Dr. 
Brauner says, it is the first element the properties of which are 
a function of its atomic weight,” Dr. Brauner, however, 
finds as the result of a process of fractionation that it is not pure 
tellurium, and that it consists of probably three elements, pure 
tellurium mixed with smaller quantities of two other elements of 
higher atomic weights ; and he is at present engaged in studying 
the nature of these foreign snbstahces, and in the endeavour to 
isolate pure telturlum itself. A few of the as yet unpublished 
rtsttUs obtained in these latter researches were communicated 
petsonaily by Dr. Brauner at the meeting of the Chemical Society 
on June 6, and among them the interesting fact was stated that 
one of the new elements is probably identical with Profi 


MendeleefTs recently predicted dwUellurluin, of atomic weight 
214, the other new constituent being an element closely allied to 
arsenic and antimony. 

The additions to the Zoological Society’s Gardens during the 
past week include a Poe Honey-eater {Prosihtma4era rtot/te- 
sealandia) from New Zealand, presented by Mr. Alfred M. 
Simon ; two Razorbills {^ka iorda\ two Guillemots {Lomvia 
troiU)^ British, presented by Mr. W. B. Roberts ; a White- 
throated Monitor ( Vdranus alhgularis) from South Africa, pre- 
sented by Mr, H. L. Jones ; a Macaque Monkey {Macacus cym*- 
molgus) from India, two Argus Pheasants [Argus gigantcus d 9 ) 
from Malacca, a Military Macaw [Ara militaris) from South 
America, deposited ; an Indian Cou^l {Ceftfropus rufipennis) 
from India, two Diamond Snakes [Morelia spilotes) from New 
Smith Wales, received in exchange. 


OUR ASTRONOMICAL COLUMN 
Comet 1889 d (Brooks, July 6). — The comet reported in 
Nature of July ii (p. 255) as having been discovered by Swift 
on July 5 appears to have been an observation of Barnard's 
comet of 1888 September 2, there having been an error in the 
transmitted position. The position should have been 

R,A. aih. 24m. 205 . N.P.D. 89“ 11'. 

A faint comet was discovered by Brooks on July 6. 

July 6-790G.M.T. ; R.A. 23h. 44m. 8s. ; N.P.D, 99’ 9'. A 
rough approximation by Brooks. 

July 8*9561 G.M.T. ; R.A. 23" 46’ 26'' ; N.P.D. 98* 55' 57". 
Observation by Barnard. Comet, slightly elongated, I' in 
diameter, 1 1 mag. or fainter. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 JULY 21-27. 

/pOR the reckoning of lime the civil day, commencing at 
' Greenwich mean midnight, counting the hours on to 24, 
Is here employed.) 

At Greenwich on July 21 

Sun rises, 4h. lom. ; souths, I2h. 6m. 8*48. ; daily increase 
southing, a'Ss. ; sets, 2oh. im. i right asc. on meridian, 
8h. 3’9m. ; decl. 20” 24' N. Sidereal Time at Sunset, 
l6b. Ora. 

Moon (two days after Last Quarter) rises, 23h. 54m.* ; souths, 
7h. om. ; sets, i4h. 19m. ! right asc. on meridian, 
decl. la" 12' N. 


22 23 N. 
19 22 K. 

23 oN. 
33 at S. 

»5 43N. 

6 348. 
19 22 N. 

* Indicates that the rising is that of the t»reoed(ag evering and the. eStthix 
that of the following moniing. 


Pknet. Rises. 

Souths. 

Sett. 

Right asc. 

Oft 

h. hl 

h. m. 

h, in. 

h. m. 

Mercury,. 2 42 . 

. 10 51 . 

.19 0 .. 

6 49 X> 

Venus..... X 4 . 

• 8 53 . 

. 16 42 .. 

4 49*9 

Mars 3 13 . 

. TX 35 . 

• *9 39 •• 

1 * 3‘5 

jupiter.... 18 7 . 

.22 I . 

. I 55*- 

18 0*9 

Saturn.... 6 9 , 

. 13 35 ‘ 

.21 1 .. 

9 33'3 

Uranus... ix 39 . 

. 17 9 . 

. 32 39 .. 

13 8*0 

Neptune.. 0 23 . 

. 8 12 . 

x6 1 .. 

4 9*1 


Star, 

9 LIbne .«* 
V Coronie ... 
U Herculi*! ... 
if Ophiuebi .. 
X Sagittarii... 
W Sagiuarti 
U Sagitiarii,.. 
R Scutl 

$ Lyrse 

R Lyrse 
U Aquilae ... 
t| Aquilse ... 
S Delphini ... 
X Cygni 
T VuipeculSB 
9 Cephd 
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21, 33 0^ 

•• *2 57 ? • 

.. *9 3 S S. 

»• II 

33,23 oM 

If as'6 • 

.. 19 u S. 

*• 11 

a6, , 1 0 »» 

•• '1 4 i*« • 

.. s SO S. 

*• II 

43. St 

.. 18 46*0 . 

.. 33 14 N. 

•• II 

24, 33 30 AT 

... 18 53*0 . 

.. 43 48 N. 

II 

31 . M 

.1. 19 33*4 ■ 

.. 7 « 6 S, 

-* If 

34, 31 0 M 

3 ^ S3 0 If 

... 19.46*8 . 

0 43 K. 

«. 1^ 

30 38*0 . 

.. t6 41 N. 
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ao 3S II N. ... „ 34, 3 

... 3046*8 ... 27 50 N. ... „ 31,33 6 » 

... 33 3s*i ... 57 s* N* M aji 0 
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>3 •*' 31 .M 

26 ... ao ... 

26 .., aj ... 


Veotts in conjunction with and o* 41' south 
of the Moon. 

Mercury in conjunction witl^ and 19' south 
of the Mocm, 

Mars in conjunction with and o* 1' south 
of the Moon. 


Near 7 Dracotiis 
From Lacerta... 


Meic0r~Showtrs^ 


R.A 

DccI, 


270 

.. SO N. . 

.. Swift. 

335 • 

50 N. . 

.. Swift. 

3 SO • 

.. sa N. . 

.. Very swift. 


BABYLONIAN ASTRONOMY,^ 

III. 

l^HEN nanTes had to be given to stars, the liabyJonians 
* ^ naturally took them from the objects around themselves. 
I'he heavenly host was compared to an immense dock, and 
several stars were grouped together to form the imaginary 6gure 
of either a bull, or a ram, or a goat, &c. It is too often taken 
for granted that the constellations have received certain names, 
and that the march of the sun through these signs has given 
birth to various legends, but those who see everywhere solar 
myths do not say why the constellations were so named. 
The names given to them must have some connection with what 
took place at their appearance, mark the seasons, or indicate the 
work, agricultural or other, of the seasons. The stars of the 
ecliptic, placed on the path of the planets, were associated with 
the monthly motion of the moon, and divided accordingly into 
thirty groups. Each of these constellations wps one of the houses 
of the moon, and marked in the sky the course followed by it 
in one day. 

The constellations were but indirectly connected with the 
sun's journey through the ecliptic. The acronic, not the heliac, 
rising of the stars and signs was especially observed, for those I 
which were shining all through the nights of a certain period 
were considered as the protecting gods of that period. 

Many of the allegorical figures representing the constellations 
were engraved on the boundary stones as images of protecting 
divinities, and they show the process by which the Babylonian 
artists arrived at the creation of the composite animals that * 
still adorn our celestial globes. For instance, the Goat coming ! 
after Aquarius was represented as coming out of the water, and | 
the hind part of its body changed into that of a 6sh. Sometimes 
three or more constellations were combined to form one figure : 
the horse, the scorpion, and the bow gave birth to a Centaur, 
holding a bow, and having a scorpion’s taii<— our Sagitiarijis. 

■When the zodiac was borrowed from Babylonia by the 
Egyptians, they adopted these very un-Egyptian images. There 
is still some uncertainty os to the date at which the borrowing 
took place, for all the n^ptian zodiacal representations are pos- 
terior to Alexander, but the idea may have been imported about 
1600 or ijoo B.c. The Egyptians did not borrow bodilj[, 
however, the Babylonian zodiac of thirty ugns, but adapted** it 
to their solar year, and according to their sun-worship ideas, so 
the thirty signs were reduced to twelve, and were connected 
with the sun’i march through the ecliptic. The thirty-six 
deoans were in the same way connected with the sun's march, 
and three given to every month or ecliptic constellation, one 
therefore marking the space covered by the sun In ten days* 

All attempts as yet to identify the Babylonian names of 
stars have failed, because there was no base or starting-point. 
But now, with the list of the thirty constellations answering to 
the thirty divisions of the sky, identification ispractically easy. 
In this work we are also helped by the ctassi^calions made by 
the au^s of Babylon for omen-taking ; for instance, the twelve 
stars of the south must be stars of the austral hemisphere. We 
must at the same time take into acconnt any mention made 
of stars in the mscriptions, and nob forget that the acronic 
rising was the one obswved and noticed by the Babylonians. By 
this QompamtiTc iiieth (4 it can be determined, for instance, that 
the star Su^du or was Sirius, for we are told that it 

was oyie of the ser^ most tniUiant stars, and a star of the 
south ; as it does not appear in the list of the thirty groups of 

- * ef thhd jsetura driiveted by Mr. O. Bertlti, at the 
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stars, marking the path of the moon, it must be at a certain 
distance from the ecliptic. In several inscriptions the appearance 
of this star is used to determine a date ; it must therefore appear 
only for a very short period. This same star is also called 
** directing star,'’ because connected with the beginning of the 
year. 

By a similar process we can determine that the star Su-gi was 
Canopus ; the star I^u (or Dil-gan\ Fomalhaut ; the star Sib- 
zi-an-na, a Centauri ; thjZ stp Jd^khu, Altair ; &c. 

The thirty constellations dividing the ecliptic ore not, how- 
ever, all exactly on this line ; for instance, one of them is Sar 
or iCUradach (Orion), another is ** the Sceptre of Bel ” (Procyon). 
Having once identified several of these thirty constellations or 
stars, it is easy to identify the others, as the list is given in the 
tablet according to their order. We are also helped in onr work 
of identification by the Egyptian zodiac, and the names pre* 
served by Ptolemy. In Egypt, Merodach has become Horus, 
and the “ Sceptre of Bel ” that of Osiris, In some cases we 
can even identify the name of a constellation, though we are not 
able to pronounce it on account of its being written with a group 
of ideograms. 

The Babylonians often, in star nomenclature, confounded a 
star with the constellation it belonged to, and substituted for 
the name of a star that of the god associated with it. We must 
also take into account the two different points of view adopted 
by the Babylonian astronomers and their Egyptian imitators. 


SCIENTIFIC SERIALS, 

Revue Anthropologies troisiime serie, tome iv., troisiime fasc. 
(Paris, 1889).— Examination of human bones found by M. 
Pielte in the walled-in cave at Gourdon, by Dr. Hamy. The 
results of M. Piette’s explorations, although of some interest, 
have not contributed very largely to our acquaintance ^ith 
human fossil bones, owing to the fractured and mutilated con- 
dition of these finds, which, as is often the case in cave-deposils, 
weie limited to cranial bones, the maxillaries, and one or two of 
the upper cervical vertebra*. The most perfect of these were 
found in the middle of the walled cave in dlbris of reindeer and 
other animal bones, together with carved reindeer horns, cut 
flints and stones, and numerous stone hatchets, chisels, scrapers, 
&c., these remains being similar to objects found in other pre- 
historic stations in the south of France belonging to the reindeer 
period in Central Europe, At a more remote part of the cave 
M, Piette discovered a deposit, containing implements of a 
more ancient type, intermingled with the bones of the mammoth 
and bear, as well as of the reindeer. The human lower-jaw, 
found here at a depth of 15 feet, has the special character of 
analogous cranial remains dei’ivecl from the Naulctte and Spy 
caves, and belonging to the most ancient type of primeeval man, 
whom MM. De Quatrefages and Hamy include under the name 
of the Canstadt race. — On the gold of ancient Gaul, by M. 
Cartailhac. The writer gives a detailed account, with numerous 
illustrations, of the various gold ornaments found in France, and 
shows how numerous arc the instances in which large and splen- 
did treasures of older art have been irreparably lost in con- 
sequence of the finders having consigned them to the melting-pot 
of the local goldsmith, a practice which can only be stopped 
by an alteration in the state of the law regarding treasure - 
trove* The extreme beauty of some of the bracelets, neck- 
lets, &c., and the unique character of their ornamentation, 
are unsurpassed by other objects of the same kind found in 
different parts of Europe.— Notes on the colour of the eyes and 
hair in Norway, by Drs. Abbo and Faye, with tables and 
annotations, by M. Topinard. From these reports it appears 
that the population of Norway exhibits a higher percentage 
(97 ’2S) of light eyes than any other country in Europe. Flaxen 
hair occurs in 57*5 per cent, of the people of the northern 
provinces, and while absolutely black hair U found only in the 
ratio of 2 pe^ cent., red hair does not rise higher than 15 per 
cent, in the scale of hair-coloration. — Kashgaria, by Dr. Seeland. 
In this notice the writer records the incidents of his journey from 
Kas^ar to Ak*Sou, over a distance of more than 350 miles 
along the sandy ill-kept track that constitutes the principal 
military Chinese post road. The narrative lucks the interest of 
the previous numbers already referred to in this journal.^ On 
the cephalic index of the Proven9al population, by M. Fallot, 
with tables referring to the several de^tments, which give the 
varying miurima and minima in accordance with special cranial 
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6f tbe impoiitaut ditcQverics made witbin xi/t last few years tn 
tbu ^aUiitattiAn hwryiii^gtoumis of Slavonian Aunria, more 
oapoiiaUy at Wat«cn Ja.Cani»6lRft where the beauty and hnish of 
the carved bolddcs and betu have led contemporary palseonto* 
ioffisu to regard them ^ an evidence of the existence <a Central 
Ewope of an huHy civilisation udvicU had already attained to 
considerable aftidticcnhute before Us extinction Under the u fight 
of advancing hordes of barWion invaders, I'he necropolis of 
HaUstatt, mr our acqoaiiitaace with ^which we are indebted 
to Baron Sacken, still remains anrUmUed for the splendour and 
variety of its anU<^uitiefi, notwithstanding tba marvellous results 
of the recent Camiolian tindCroaiian 5 nds. Between 1S46 and 
1^3, Sacken and Bamsauer published reports of their explora- 
tions of nearly 1000 tombs ; while since tnal period the number 
of graves expiored has risen to nearly 19^. Both at Hallatatt 
and Watach the rites of interooeht and incineration had been 
followed with nearly equal frequency, but although in the' case of 
the latter, the graves appear to have been most richly suppiie<{ with 
gold omatnents and carved bronze arms, the abundance of yellow 
amber, and of decorative objects of the toilet which are found 
bniieil with the unbum t skeletons render it dilbcult to decide 
.which of the two methods of disposing of the dead was regarded 
as the more distingaished. The cranial type is generally doUcho- 
cephalous, with a relreaUng foreheodand long slightly prognathic 
face, resembling what is known in Germany oh the ^*Hei)ien- 
gritbettypus.'^ According to .Sacken, the necropolis of Hallstatt 
dates from the third or fourth century ux., revealing the 
presence in those regions of the Eastern Alps of the so-called 
OaBi Faurisci, who prior to the Roman domination must have 
been foniUiar with an advanced stage of dvilization and decora- 
tive art, in which the influence of .Gn^k art is undeniable. This 
is indeed strongly manifested both in the workmanship and the 
fortns of multitudinous objects revealed by the exploration not 
merely of ibe HaJUtatiian toinb«^ but of the prehistoric station Of 
Balxbe^, whose discovery last year has added new interest to the 
still contested problem of the origin of the early culture of the 
Alpine races ot Central Europe. 

May 15.— On sand showers, by 
Prof. P. Francesco Denza. His protracted observation of this 
meteoric phonomtnm lends the author to infer that it is not 
sporadic, as Is commonly supposed, but periodical, though 
subject to occarional disturbance'!. Its recent reappearance In 
several parts of Italy, after a considerable interruption, confirms 
the opinion already advaftcetl by him, that the sands have their 
origin lo the North African deserts, whence tbev are borne by 
the high southern galea asfhr as, and occasionally even beyond, 
the Alps, About the beginning of May atmospheric waves of 
low pressure advanced from West Africa across the Mediter- 
ranean to South-West Europe, causing a heavy rainfall as far 
north as the British Isles. In Sicily and Piedmont the showers 
were mixed with sands, while elsewhere the ibUagc was covered 
with a perceptible J^er of dust. On May la a violent sand- 
storm raged in the North Sahara, as announced by telegrams 
from Bttkra (Algeria), and this was soon followed by fresh 
downpours and by another shower of sand in North Italy far 
more inrense than the first. In many parts of the i,igurian Alps 
and of X.rOtnbardy not only the vegetation, but the roofs of 
houses', terraces, marble monuments (in Turin and Milan), were 
strewn with fine particles,, specimens of whioh were collected in 
various districts. The coincidence of the African simoom and 
the Mediterranean scirocco chaiged with sand leaves no doubt 
as to the real origin of the phenomenon popularly attributed to 
the efTects Of the April /««« r^ssa (** red moon PrOf., X>enza's ' 
interesting communication is dated from the Observatory of 
MonottUeri (Piedmont), May 18, 1889. 

SufMin d€ R&ydfe de SApqutt May.^On a new 

method of testing for bro^h«f by FnSderic Sswarta This 
miBthed, which yielda exoelleat results, is based on the well- 
known fitet thnt resoronic jphtaUn ffluorescin) is tnmifort^ 
to Its tetrm*'hromusetted denwittve (eostne) characterised bv a 
beantthil pink cotottr. The metion consists m Ubetutii^ hydro- 
broihiea^, wirich k immediately oxidized by the hypdehmrotis 
add. The brontiiie thus obtailM then acts on the Htiioseidn, 
«onveiFriiig it kto eosine^ which is transformed Co a/pMdc salt 
.under the hiflueoee Of a sHghI excess of ai)c«li. This esaetidl 
is so ieoairive that it suceows-wik a tenth of a cubic eemllindre 
af wte OGtitamtng a hdiulred thoasa&dth of potassium bromklei 


a quantity corresponding to a thousandth qf a milligramme ff 
this as It, In the case of iodine, it detects the presence # 
bromine in nea-water u ithout stibmiuing It to any preliminary 
treatment.— G. Van der Mentbm^he describes u curious 
periment in capillaty aUractiQn> the explanation of whieh is 
reserved for a future communication. The subject has engaged 
thi'i physicist's attention since the year j88j, when be annooheed 
a simple method of demonstrating the contract ite force of flui Is 
which cannot easily bo reduced to thin .^eams {/amas), 

/)as (Brunswick) for June contains an article, by Dr. 

B. Andries, on the cold period of May, which generally obtains 
about the loth of that month ; the nth to 13th being known a'« 
the three '* ice saints." There is no doubt that each year frosts 
occur in May, after several days of wnrui weather have led us to 
hope for continued increase of temperature. Hut the author 
shows, from long series of observations at Bremen and Paris, 
that the same thing occurs in April and June, and that the 
weather of May is more uniform than all the other months, ex- 
cept October, which exhibit the same regularity in decrease of 
temperature that May does in the increase of the same. The 
variability arises from the Intluence of cyclones advancing from 
the Atlantic. In the interior of the Continent, the temperature 
becomes more constant, as the influence of the ocean oecomes 
less. Dr. R. Assmann (the editor of the journal) contributes an 
article on the microacopic observations on the structure of hoar- 
frost, &c., made on the Brocken and elsewhere, ills observe- 
tiuns seem to show that hoar-frost is not always costal! ine, but 
that, if the temperature is only slightly below the K|Be::ingipoint, 
the hoar-frost, or rime, is often composed of amorphous particles 
of ice. A third article, by an anonyjnous writer, deals with the 
winters of the south coast of the Crimea, The climate is far 
from unpleasant ; in a normal year, a brilliant autumn follows a 
dry summer, and a soft air continues far into November. De- 
cember is generally cold and wet, and January fine ; hard frosts 
do not occur till February, and then the struggle between winter 
and spring lasts until April. An interesting phenological table 
is £uld«(l, showing the different efiTects upon vegetation between 
a wet or dry November and December. 

BulUtin de VAcadimii des Seienees de St> PSttrshovtrgi 
nottvelle serie, i, (xxxiil.), No. i. — With this number the 
Bulletin begins a new series, printed in a handy octavo shape. 
—On the rnttic-apparatus of CroteUm durissus^ by A. Feoktistoflf. 
--On a simplification of Wild's photometer, by If. Wild,— On 
the solution of mechanical problems resuliing in hyperelliptic 
cUffereniial equations, by C. Charlicr.— Entomological contribu- 
tions, by A. Morawitz, being a description of two new Central 
Asian species of Cut'a&us (C,pHpulne and C. ems\ and a detailed 
monograph of manyapecies of the same genus.— On the embryo* 
l.jgyof PUfvmywH JlwdatilUi by Ph.Owfijannikofl'.— Researenas 
relating to the basicity of aotim^siuc acid, by F. Beilstetn and 0. 
Blaesc.— On the pre{mration of rubidium, note by N. Beketoff. 
— -On a new Central Asian Biluroid (RxtfsUma MeAaftltti), by S. 
Herzenstein.— On theabsenceof the common squirrel in Caucasia, 
by E. Buchner. Although Pallas, Nordmann, and Men^triea 
luemioned the Sdi^rus vul^ris as occurring in (he Caucasus, 
there U not the slightest mention of it in the descriptive iparts of 
their works, nor any representative of it in Mt^netrles's otherwise 
remarkable ooilettaon, kept in .fall at the Acadmny. Tho 
commun squirrel eould not be discovered in the Caucashs by 
the late M. Bogdanoff, nor by MM. Rossikoflf, MIokossewioz 
and AnanofiT, who searched for it for years. It may have been 
that Pallas, Nordmanti, and Mdn^triev simply ceported the 
words of the Caucasus Cusacks, who give the Ron^ti name of 
applied to the squirrtl-^to Afywrar 
really appears in the Northern Caucasus. It is alio wevthy bf 
note that the tximmon squirrel does not a{mear in the 
Hydrological neseareHesi by Carl Schmidt. Analyses of the 
thernud ^rtogs at Saidba, in the north of Mount Kaehek^^ 
Analyses of the sulphate of alumkilutn, by BeUateln^ ahd 
Orosset. 

SaCi&TtMS AND ACApMUmS. 

'■ lOHmN, 

Tre^ebt, In the oWdr.^A letter vrai ^ 

Atkinaoo, Chmrman .qf the d//#e ^ 

Calcutta, in which a«sbtAheo wwi 
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<04^ v«rtot» lodi^o iofiects. — The 

fiip|0«iftQ|{[ tioiibei^ whieb b«4 imarioiwly been unanimomly 
piui^l j|it iKieetiiKg qI the CuunetU was read to the Society } — 
**t;bet paims comairueg detttrjpiions of itolated species widely 
i«i(tM>ti!uiaaasi:fi€atiQn ordistriUmionare, as a rule, undesirabicfor 
pttbUeatloni as tendinfrtoCi^Ateumiacessary difficulties for faun isiic 
<0v mpp^apUlc worfcm.” Mr. McLachlaUi Mr. Jacoby, Mr. 
I£iwesr l5r. /^arp, and others took part in the discussion that fol- 
lowed, — Mr. McLachlan, on behalf of Prof. K)ap4lek, of Prague, 
who was present as a visitor, exhibited preparations representing 
the tife^ hi story of Atinofjf/fta^t/ftatuSt Walk. , showing the curious 
appendages of the coae. Prof. Klapalek, in answer to questions, 
described the transfoimations in detail. A diACussion fnlluwed, 
in which Mr. McI^achlMi and Lord Walsingham took psrt,» 
Mr. J. Elwes exhibited a specimen of an undescribed Chry^ih 
j^anus^ taken in the Shan States, Upper Burmah, by I^r. 
Manders, which was very remarkable on account of the low 
elevadon and latitude at which it was found \ its only very near 
ally appeared to be Pj}l)^mineUus A/, Oberthur, from Western 
Sa^huea, but there was no species of the genus known in the 
Eastern Himalayas or anywhere in the Kasiern tropics. — Mr. 
Ct. T. Porritt exhibited a remarkable series of Antia mtmUca^ 

E. , bred from a small batch of eggs found on the same ground 
at Grimescar, Huddersfield, as the batch from which the series 
he had previously exhibited before the Society was bred. This 
ymr he bad bred forty. five S}>eclmen8, none of which were of 
the ordinary form of the species : as in the former case, the eggs 
were found perfectly wild, and the result this year was even 
more surprising than before. — Mr, K, W, Lloyd exhibited 
specimens of Jfarpalus cuprmiy Steph., and Ca*hormi6cc)‘Us 
sorim^ Boh., recently taken at Sandown, Isle of Wight. — Mr. 
0. E. Janson exhibited a fine male example of 7'htfidoiia htnvitii^ 
Castilnau, a genus of CetofiUder resembling some of the Dynastidtx 
in the reniarkable armature of the head and thorax. The speci- 
men had recently been receivedfrom North- WesU Borneo. — Mr W\ 
White exhihitm specimens of HiUr\>gyms panuhixa, Ramb., 
and stated that this instet represented an extreme ca^e of de- 
generation, the mature female being only slightly more developed 
than the larva, the prolegs being quite atrophied. Lord Wab 
singham made some remarks on the subject. — Mr. T. K. BiHu(>s 
exhibited a fine series of the very rare British beetle, hUdm 
(Lit}mharis) pktm^ Kr., taken from a heap of weeds and 
vegetable refuse in the neigh l>ourhood of Lewisham on May 
1^.— Mr. W. F. Kirby read a paper entitled ** Descriptions of 
new species of ScoJiides in the collection of the British Museum, 
with occasional reference to species already known." — Mr. J. B. 
Bridgman communicated a paper entitled Further additions 
lo the Rev. T. A. Marshall's Catalogue of British Ichneu* 
monidic."— Mr. J. S. Ikily communicated a paper entitled 

On new speoies of DMrotU& from South America,’' 

Anthropological Institute, June John Beddpc, 

F. K.8., President, in the chair, — Prof. Victor Hotsley exhibited 
some examples of pro- historic trephining and skull -boring from 
America.— Hie Excellency Governor Moloney, C.M.O., exhibited 
some cross-bows, long-bows, quivers, and other weapons of the 
Vofubas. — The Rev. Dr. Codrington read a paper oi |>oUoned 
arrows, in which he stated that the Natives relied upon the 
words of incantation used during the manufacture of the^ 
arrows much more than the toxical effect of any substance into 
which they might be dipped or which might be smeared upon 
them ; indeed, that in many cases the so-called "poisoned 
arrows " were no! poisoned at alb — A jviper by Mr. Henry 
Balfour, on the structure and affinities of the composite bow, 
wiw read. 

' . Paris, 

, Acadrmyt of Scieneeu, July 8. — M. Des Cloiseaux, Presi- 
dent, in thexhatr.— On two new mechanical appliances, by MM, 

G. Darboox and G- Kesnligs. Tlw first of th.se apoeratusims 

bw devl^ for the puri^se of describing a plane in stpoioe by 
means of jomted rods t the second supplies a representation of 
the^ movement of a solid body revolving fredy rodnd its centre 
if gravity:, Tim principles aw deterfbed on whksh both have 
beep the ndatUms iMi ween the fractures in the 

, orust of a glven reeinn* and the seismic movetnetiu of 

^ by^M^ F. Nc^foee, The author's cooipamtlve 

. aMy of snuthou^kes in various parts of the Mrortd has led hitu 
relattons bet^uveen the^e disturhantet Ohd the 
of oemtih^ in ^hrf#oe bf the mtih/ Jn fhe present 
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plicated splem of fri^res and faults vnryi&sf h* direction, sire, 
and . depth, the ufideiground convulsions are correlated with 
some one of thdse systems, and emirety independent of the 
others. His illustrations are drawh mainly from the seismic 
zone of Andamsia, extending from Seville to the ftandof uf 
Murcia.>^ti;ifiuenceof temperature bn the mechanical propetiies 
of iron and steel, by M. Andrd Le Chatelier. In continoation 
of his previous paper bn this subject, the author here giverf the 
results m detail for iron and steel, which are shown to behave 
quite difierently from other ^tals under like variations of tem- 
perature. Three chief phus<^ ofe distinguished, ranging re* 
spectively from 15" to So* C ; (rbm 100” to about 240“ ; ataffrom* 
240“ upwards. the solubdity of carbonic acid gas in chloro- 
form, by M. Woufcoloff. Continuing his researches on the law 
of solumlity of the gabc-, the author her^j studies the conditions 
of the solution of carbonic acid in chloroform. With the data 
obtained he finds that at a temperature of 13* C. hi 4 solution, 
does not conform strictly to Delon's law, although the devia- 
tions are very slight, as was also shown to be the case for the 
bisulphide of carbon. — On the solidification of nitrous acid, by 
M. FL Bit'hans. In hU attempts to solidify anhydrous nitric 
acid still containing small quantities of hyponitrous acid, the 
author found that it was necessary to operate at a temperature 
of from -52“ 10 ~54*, obtained by the evaporation of the 
methyl chloride by means of a current of dry air. — On the co- 
bahites of baryta, and on the existence of a dioxide of cobalt 
with acid properties, by M. G. Rousseau. 'I'be experiments 
here described demonstrate the existence of a cobaltous acid 
analogous to manganous acid, but weaker. The maximum of 
stability of the manganite of baryta appears to be situated in the 
neighbourhood of 1100" C. At lower or higher temperatures 
this compound becomes dissociated like the hydrocarburets 
heated to the point of decomposition. — On an oxybromide of 
copper analogous to atacamilc, by M. Et. Brun. M. Berthelot 
has noticed that when a clear solution of cuprous chloride in 
cupric chloride is exposed to the air, a greenish precipitate cf 
oxychloride is formed, which is "probably identical with 
atacamite." The s^me reaction is produced by substituting 
for the cuprous chloride as a solvent the ammonium, sodium, 
and potassium chlorides. From the last two is obtained a 
crystalline powder, yielding on analysis the numbers corre- 
sponding to the formula of atacamite : CuCl, 3CuO, 4HO. M. 
Brun’s present rexearches aim at the jiroduciionofan oxybromide 
of copper from the corresponding bromides. '1 he substance 
thus obtained possesses a constitution analogous to atacamite, 
which U closely restfmblcs in iu properties and mode of for- 
mation. — On the disturbances of the vision conseqiient ou- 
mjcroscopic observation, by M. J. J, Landerer. — Thi 
large bones of the anthropoid apes, by M. Etienne RoHeu 
Since his communication of December 10, 1888, the author ba^i 
made fresh measurements on the complete skeletons of forty- two- 
adult apes, the results of which are here given in detail. From 
a comparative study of these figures it appears that the gorilla 
and chimpanzee approach nearest to man, but in difi'erent 
degrees, the orang holding the third p'ace. But great differ- 
ences exist b(*tween the proportions of the human frame and 
thore of ail the bimanoux apes. 

Berlin. 

Physical Society, June 21.— Prof. Kundt, President, ir> 
the chair. — Dr. Frbhlich demonstrated experimentally his new 
method of recording vibrations in the form of curves ; the 
method has been recently described verbally to the Society. 
Light from an electric arc-lamp Vras made to fall u^n a small 
mirror, attached either to the vibrating plate of a telephone, oi 
to a piece of card covered with a thin film of iron, or to a thin 
India rubber membrane. From this mirror it was reflected on to 
a polygonal rotating mirror, and by this on lo a transparent 
ecreen^ Deing thus made visible to the whole audience either as 
a spot of light when the rotating mirror was at rest, or as a line 
of light when ft was set in motion. On sounding various organ- 
pipes in front of the receiver of the telephone, many very pretty 
curves were seep ; on singing the vowel* into the telephone, very 
characteristic cuMs wefe seen crossing the screen.; so also with 
the consonant r, wheiinas on the other hand s produced no effect. 
The next e:kperiment consisted in connecting the rotation of the 
mkrrot; with the interrupted dearie cut rent, whose Action was 
under investi^ldion, in such a way that the vibrations of the 
mernbrnne jj^rSdhoed by the current gave rise to persistent curves 
upon ih# iMtn* tie curwnt from a battery produced aa 
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«tnu6tis line of U^t, ia which e ,ch r.se of ts)At^ 
some what atower thfth the etee{ier of the s 4 we< On 
iftftrodttcing a coil into the circnit the curve thowed no change os 
toHjl as the telephone wes Ui fipdnt of the coil ; when it came 
be^hd the coil/ the cur ^e described was almost a sine^Ctnrve. 
On putting an eleotro<ina8im into the circuit the amplitude of 
the curves was lest ; so also when self-induction existed in the 
circuit, while at the sathe time the rUc and f^l of each part of 
the curve was less steep. A condenser gave rise to a curve with 
very shafp-pointed amuosities. An apparatus for producing 
alternating currents gave rise to a regular sine-curve, which was 
affected by a coJ electrortnagnet and condenser in the same way 
as was the curve due to a battery current. Lastly, experiments 
were mode with an induction-coil. On placing the telephone in 
the primary circuit, the vibrations of its (Mate gave rise to 
uniform sine-waves, whose height was leas when we telephone 
WAS introduced into the secondary circuit, while at the same time 
they showed a phasic difference of 1 wave-length. This change 
of phase due to induction, as exhibited in most striking manner 
to the large assembled aadieDce, can be recorded by photography 
of the curves and thus submitt^^ to exact measurement. —Prof. 
Gad gave a short account of researches made, in conjunction 
with fir. Heymans, on the effect of temperature upon muscular 
contraction. The<>e are to be the suliject of a more extended 
communication to the Physiological Society. 

Physiological Society, June 28. — Prof, du BoU-Reymond, 
President, in the chair. — Prof. Gad gave an account of experiments 
which he had made, in conjunction with Dr. Heymans, on the in- | 
ffuence of temperature upon the working-power of muscles. In | 
accordance with Kick’s procedure, the muscles were experimented 
upon not only in an isotonic condition, where there is no change 
of initial tension, and stimulation kads merely to a shorten, 
of the muscle, but also in an isometric condition, where 
can be no change of length in the muscle, and stimulation p|0-\ 
duces only a change of its tension. Various muscles from frogn ' 
were examined at temperatures of 36*, 30®, 13®, 5®, o”, and 
- 5* C., being freely suspended in a metal lie cylinder immersed 
in A water-bath. The musekts were stimulated electrically by 
maxima] and super-maximal induction-shocks due to breaking 
the primary circuit, these being single or repeated or tetanizing. 
The com of the isotonic muscle was symmetrical at 19^ C. ; 
at 5® C. it rose much more slowly, and was both higher and 
longer than at 19" C* At temperatures down to and below 
•o’ C. the rise of the curve was still slower and its height lens 
than at 5*’ C., but on the other hand its length was greater. At 
higher temperatures the height of contncuon was greater than 
at 5* C., the duration less than at 19® C., and the curve of con- 
traction was symmetrical. At still hi^er temperatures there 
was a very considerable fall in the height of contraction, and its 
duration was still shorter than before. Irritability disappears 
immediately before the occurrence of heat-rigor. The curves of 
-a muscle in the isometric condition were an exact reversal of 
those for the isotonic : low and short at 40* C. to 36" C., they 
were longw and very high at 30* C, At 19“ C. there was a very 
marked diminution in height, while the length was slightly 
, greater ; at 5” C. the curve was again higher than at 19** C. and 
much longer, and below o* C. lower and longer. When stimulated 
by a tetanizing current the curve of the isotonic muscle was highest 
at 30* C,, but fell very rapidly from this height, a sign of rapid 
exhaustion. At 1 9’ C. the curve rose to a loss height, and less pre- 
eipitately, and felt quite suddenly on the cessation of the stimulus. 

At 5" C. the curve rose more gradually to a less height, and was 
prolonged considerably after the siiinulus was removed, and this 
was also tile case at temperatures below 5” C. The curve of 
tetanus for an isometric muscle was again, as in the case of single 
•contractions, an exact reversal of that obtained from an isotonic 
muscle. When discussing the results of the above experiments, 
the author gave special prominence to the facts that the height of 
the curve m oommetion is least at iQ** C. (the temjierature of the 
room) and is increased by either warming or cooling the muscle ; 
further that the duration of the contraction, which is about 
second at Increases r^idly as the tettapemture falls, 
a»disaBmuChasa*6secQndsai In explanatioti of the hm 
fket cheauthoriusumcMlthab inimooydancewith FickVhyp^hesk, 
duihng the cocdnistion of eaid)0hydiates and fats to carhoo-dioxida 
and water sotne Igtetmediatft imdct (? lactic acid) is formed, 
4md acts as a stfoptlps s the various temperatures under whi^ 
the muscle enorb must tfm he supposed to hove verying fo- 
ffuenm opcm the formitiou sttd suhseqeent final oridatfou bf 
this iutennediate product*^*^ ObOnndDer descried a stew 


reaction for cholesterin which he had discovers^ It odheba id 
treating chotesteHn with propionic-anhydride ; this lead# to the 
formation of a compound of propionic acid'^end cholesterin, 
which on being fused and allows to cool shows, even id hdnufo 
traces of the substance, a fine play of colours from vlofoe through 
blue and green to red. In the green stage the compound con- 
sists of minute spheroidal crystals, which ^e larger in the red 
stage, and show a black cross when examined between crossed 
Nicols. 

Vienna, 

Imperial Academy of Sciences, April ir. — The following 
papers were read -On the constitution ofthe quinine-alkaloids, 
by H. Skraup. — On some aldehyde- like products of the con- 
densation of urea and their tests, by £, Laedy.<— -Remarks on 
the comet discovered by Barnard on March 31, by E. Weiss, — 
On the diffusion of bases and acids, 1 ^ E. Stefan.— On dcsiccative 
oteic acids, by K. Hazara- — ^On oxidation of non-saturated fatty 
acicU by potassium permanganate, by A. Gruessner and K. 
Hazura. — Contribution to the flora of the East (on the plants 
collected in 1S85 in Pamphylia by Dr. Heider), by R. von 
Wettstein. 
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COMMERCIAL ORGANIC ANALYSIS, 

C^nttnercial Organic Analysis. A Treatise on the Pro- 
perties^ Proximate Analytical Examination^ and Modes 
of Assaying, the Various Organic Chemicals and 
Products employed in the Arts, Manufactures, Medi- 
cine, &*€./ with Concise Methods for the Detection 
and Determination of their Impurities, Adulterations, 
and Products of Decomposition. By Alfred H. Allen, 
F.I.C., F.C.S. Second Edition, revised and enlarged. 
Volume III., Part I. (London; J. and A. Churchill, 
1889,) 

I N this instalment of the amplified edition of Mn 
Allen’s well-known and valuable work of refer- 
ence, the substances dealt with are the acid derivatives 
of phenols, also including aromatic acids and tannins, 
dyes, and colouring matters ; the large additions made to 
the first edition necessitcating the division of the conclud- 
ing volume into two parts, of which this is the first, the 
discussion of organic bases, cyanogen compounds, and 
albuminoids, &c., is reserved for the second part In 
consequence, the large majority of the present portion is 
entirely new, only comparatively short sections on picric 
acid and basic aniline derivatives having appeared in the 
first edition, in place of some 270 pages relating to dye- 
stuffs. Where references to English translations or ab- 
stracts of foreign papers are obtainable, the author has 
deliberately given them in preference to references to the 
original memoirs appearing in German and other foreign 
periodicals, on the ground that these publications “ are 
practically, if not absolutely, inaccessible to the great 
majority of English readers,” No doubt so doing saves 
a considerable amount of trouble to the reader in the first 
instance ; but, on the other hand, concise abstracts such 
as are to be found in the Journals of the Chemical Society 
and the Society of Chemical Industry, Nature, the 
Chemical News, the Pharmaceutical Journal, &c., ate 
frequently of necessity shorn of many details of especial im- 
portance to the commercial analyst ; whilst most chemists 
concerned in the analysis of dye-stuffs and analogous 
organic products probably possess in their own libraries the 
leading German and other periodicals, or at least have 
access to them in the various public libraries in the manu- 
facturing towns and cities. 

Amongst the phenol and aromatic derivatives Fahlberg^s 
saccharine (benzoyl aulphonic imide) finds a place ; this 
is stated by the author to be quite uninjurious, even 
when taken in considerable quantities,” passing un- 
changed through the system, so that it can be detected 
It the urine. It would seem, however, that the alleged 
freedom from noxious effect is a matter still somewhat in 
dispute, at any rate as regards habitual use ; the difference 
of (pinion on the subject being one reason why the Com- 
missioners under the Customs and Inland Revenue Act 
of 1888 exercised their discretion in prohibiting the use of 
aac^arine in beer (May 188^ until further notice. For 
shiaUar reasons, the addition of salicylic acid to wine is 
forbidden in France and other countries, although only 
dbe part in 10,000 is essential even as a maximum for the 
Pteter^ation tt tha Hquid ; megenta being also prohibited 
Vou XL.— No. 1030. 


as a tinting material for sweetmeats, wines, &c., on 
account of the frequent presence of arsenic therein. 
The use of picric acid as a bitter for beers or 
substitute” is rightly condemned by the author, on 
account of the distinct poisonous properties of the sub- 
stance, rabbits and dogs being killed by doses of from 
0*06 to 0’6o gramme (nearly one to ten grains) ; similarly 
the employment of dinitro-crcsol and naphthalene 
yellow as saffron surrogates ” for tinting butter, cheese, 
maccaroni, &c., is strongly objected to on the same ground. 
In all these and many other instances the various methods 
of detection of the objectionable substances are carefully 
detailed, the book being largely intended for the use of 
the public analyst in connection with articles of food and 
drugs, as well as for chemists and specialists working in 
other directions. One of the tests for salicylic acid in beer, 
recommended on the authority of Bias, is of a somewhat 
heroic character, and is hardly likely to be adopted by 
toxicologists as a process of general application ; the 
analyst is required to drinh the beer, and, after three 
hours, to examine his urine, the colour-reaction with 
ferric chloride being stated to be then seven times as 
delicate as with the original beer. Probably it is the 
adoption of analytical methods of this description that 
has led to the popular belief that an analytical certificate 
of having examined edibles “ chemically, physiologically, 
and dietetically, without finding anything injurious to 
health In them,” simply implies that the operator has 
lunched on the materials, and has not noticed any par- 
ticular inconvenience resulting therefrom. In cases where 
injurious substances are believed to be present, it might 
be preferable to make the vendor of the suspected goods 
the medium for the application of the test, thus to some 
extent returning to the mediaeval practice of punishing 
sellers of adulterated wine by compelling them to swallow 
a gallon or two of the liquor, and pouring the remainder 
of their stock over them as an external application of a 
sobering nature. 

In the same section, the general chemistry of the tan- 
nins is discussed, so far as it is at present understood, 
and the various processes described for the valuation of 
the numerous tannin-yielding materials occurring in com- 
merce. From the tanner’s point of view, these are divis- 
ible into two great classes, viz. those which produce a 
“bloom,” or fawn-coloured deposit on leather (such as 
gall-nuts, divi-divi, sumach, valonia, and oak-bark), and 
those which do not (such as catechu, hemlock, larch, and 
mimosa) ; broadly speaking, these two classes yield, with 
ferric acetate, somewhat different colorations, the first set 
producing a blue-black, and the second a green, the dif- 
ference being mainly due to the presence of gallic acid 
and protocatechuic acid, or derivatives thereof, in the two 
classes respectively. Curiously, the author has omitted 
to give, in this Connection, any directions for the testing 
of manufactured leather, the adulteration of which with 
sulphate of barium (mechanically forced in whilst moist 
and soft), glucose, and analogous weighting substances, 
has of late years come somewhat prominently into notice, 
and indeed occasioned special Government inquiry. In 
connection with tannin, some interesting facts are re- 
corded concerning the examination of documents in 
cases of suspected forgery or alteration where ordinary 
ink has been tisedi more recent writing being frequently 
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capable of detection by the use of chemicals carefully 
pamted on (such as dilute hydrochloric or oxalic acid 
solution), on Recount of its fading out sooner under the 
treatment Stephen’s blue-black ink is described as 
composed of 15 parts galls, 5 ferrous sulphate, 4 iron 
filings, 300 water, and 4 indigo, in 3 of sulphuric acid, no 
gum, or other thickening being mentioned, whilst other 
inks usually contain a few per cents, of such substances, 
copying-inks chiefly differing in containing sugar or 
glycerine in addition. Sulphate of copper is stated to 
be added occasionally to inks '‘with questionable ad- 
vantage’^ ; the opinions of the vendors and users of steel 
pens on this point being doubtless dissimilar. 

The, major half of the book consists of a terse descrip- 
tion of the general processes of manufacture, character- 
istics, and modes of examination of dye-stuffs, classified 
under the headings of nitro colouring matters, nitroso 
colouring matters, aurin and its allies, phthaleVns, azo 
colouring matters, rosaniline and its allies, safranines and 
indophcnols, colouring matters from anthracene, sul- 
phuretted and unclassified coal-tar dyes, and colouring 
matters of natural origin. On reading the systematic 
names of many of the artificial dye-stuffs, one can 
hardly wonder that practical dyers prefer to employ 
shorter and more colloquial terms, even though these 
Jack somewhat in scientific precision : “xylideae- 
scarlet,** for example, although not absolutely eupho- 
nious, is still a much more pronounceable word than 
sodium xylene - azo - beU - naphthol-alpha - disulphonate ; 
whilst “ night blue ** is far less mouth-filling than hydro- 
chloride of tctra-methyl-tolyl-tri-amido-alpha-naphthyl- 
djplienyl carbinol 1 It is, however, to be regretted when 
new dye-stuffs are designated by names already well 
known in connection with substances of wholly different 
chemical character; thus narcane is ordinarily under- 
stood to refer to one of the alkaloids of the opium 
family ; but the term ha.s also been applied to one of the 
modern hydroxy-azo-naphthol dye-stuflfs. In describing 
the matter treated of in this section, the author is well up 
10 dale, such recent introductions to commerce as Green’s 
“ primuline/* and the various derivatives thereof obtain- 
able in sttu on cotton goods by the “ in-grain ’* process, 
being included. Suggestions also as to the direction 
which scientific investigation might take in improving 
certain technical processes arc not wanting ; for example, ; 
in the case of in^go dyeing, it is stated that a certain 
amount of indigotin is always lost in the process of 
reduction to white indigo, and its subsequent reoxidation ; 
the cause of the loss being obscure, its investigation 
would probably lead to means of preventing it which 
would well repay the trouble. 

In every book, with the greatest amount of care and 
vigilance, slips and misprints will inevitably occur : thus 
on p. 165 it is stated that alkaloids general]}' have no 
marked alkaline reaction on phenol phthaleih, so that the 
amount of acid combined in salts of morphine, quinine, 
]:trucine, aniline, urea, can be ascertained by titration 
with standard just as if no organic base were pre- 
sent: obviously standard alkali intended. Similarly, 
on p, 234, methyl violet is described as “ produced by the 
direct oxidation of dimethyl aniline (from dimethyl tolui-. 
dine) ** : the production of dimethyl aniline from duneihyl 
toluidine is scarcely a commerciid process, although 


converse formation of toluidine and its homologues from 
! methylated aniline by intra-molecular interchange ” is 
I so. It says much for the care and attention bestowed 
I by the author in revising that such errata are but seldom 
I noticeable. C. R, Alder Wright. 

I 

I 

! THE FLOATING ISLAND IN 

DER WENTWA TER. 

I 

The Floating Island in Derwentwater : its History and 
’ Mystery, With Notes of other Dissimilar Islands, 
j By G. J. Symons, K.R,S., Secretary Royal Meteoro- 
I logical Society. (London : E. Stanford, and Simpkin 
; Marshall, and Co., 1889.) 

I N this little volume, Mr. Symons calls attention to 
some very interesting problems connected with a 
I ciuious phenomenon that can frequently be studied in our 
own well-known Lake District. It may at first sight seem 
. strange that the peculiarities of this remarkable freak of 
: Nature — for such it really seems to be— are not more 
widely known, or that systematic and persevering inves- 
tigations, carried on by competent observers, have not 
long since removed all the difliculties which still stand in 
the way of a complete explanation of the causes to which 
the peculiar appearances are due. But it may at all 
‘ events be hoped that —now Mr. Symons has so patiently 
I collected and sifted the results that have been already 
! arrived at by various investigators, and added the by no 
! means unimportant facts he has himself observed — the 
I reproach to British science of an imperfectly investigated 
and unexplained “ mystery ’* at our very doors may at no 
distant date be removed. 

The "history ** which Mr. Symons so clearly lays before 
j us is, briefly, as follows. As far back as authentic records 
I can be obtained, there has appeared from time to time, 
in the south-east corner of the Derwent water Lake, a 
j small island, or islands, which, after a certain interval 
I of time, have sunk again and disappeared. The place at 
’ which this phenomenon is exhibited is approximately 
the same at each reappearance— namely, a point off the 
mouth of the Derwent, and about 300 yard^ to the west 
I of the place where the Cat Gill Beck pours its waters 
into the lake. 

The ordinary depth of the waters of the lake at this 
I point is about 6 feet ; but the island, when it rises, ap- 
pears a few inches above the level of the lake, and its 
surface is perfectly green with vegetation. The island is 
sufficiently firm to allow people to stand on it ; and on 
one occasion a band landed on the island and played 
a selection of airs. The area of this island has been 
found to vary, on different occasions, from a few square 
feet up to two acres. Sometimes, several small islets 
have, risen instead ol the single one, and not infrequent!^ 
the island has been found to be divided by one or more 
deep clefts. 

Careful examination shows that the island consists of a 
peaty mass several feet in thickness, having its sudace 
covered by livii^ specimens of JUttorella latuttriSy 
Lobelia dorttnanm^ hoit&s lamstrisy and other 
plants that abound in this lak^. It it also manlS^st 
that the island U merely the highest part of a gmat 
bli$ter«like upheaval of , the peat u^hich here fqrinf ttiie 
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lake bottom ; and that, when this blister -like elevation 
subsides, the island is submerged and disappears. 

When sticks are forcibly pushed into the materials 
composing the floating island, abundant bubbles of gas 
are given off, the evolution of the gas being accompanied 
by the production qf a very perceptible oduur. 

During the 150 years or more, over which the records 
so carefully collected by Mr. Symons extend, there are 
nearly forty during which appearances of the island have 
been noticed. Sometimes, however, intervals of as much 
as ten years have elapsed without any appearance of the 
island ; at other times the island has been seen for a 
number of years in succession ; and not unfrcqucntly it 
has risen and sunk ^several times in the course of the 
same year. 

The island only rises in hot weather. By far the most 
common period for the appearance of the island has 
been the months of July and August ; never has it been 
known to appear before June 5, and only once has it , 
remained up after October 8. An examination of the tem- 
perature-records of the lake- waters and of the atmosphere 
in the neighbourhood points to the conclusion that the 
years marked by the appearance of the island are those 
in which the summer has been exceptionally hot. 


acid and oxygen. Dr. Russell points out that the com- 
I position of this gas is nearly identical with that of a 
‘'fire-damp” from Killingworth Colliery analyzed by 
Graham. 

That the "mystery” in cpnnection with the floating 
island of Derwentwater still lemains unsolved is freely 
admitted by the author of the work. It would seem that 
during warm weather a sufficient evolution of gases takes 
place to cause the peaty bottom of the lake at this point 
to rise in a great blister. But what arc the causes 
that give rise to this evolution of gas at this particular 
spot — an operation that has been repeated many times 
during the last 150 years— it is not easy to suggest. 
Equally difficult is it to assign a cause for the appear- 
ance of this phenomenon at a definite point with such 
remarkable persistency, while nothing of the kind has 
been observed elsewhere. The peculiarities of the lake- 
bottom at this place which may exist and may conduce 
to such a result do not appear to have been as yet 
t determined. 

i Mr. Symons calls attention to the numerous floating 
! islands at many different localities, which consist of 
I accumulated masses of vegetation that have accumulated 
i near a shore, and have subsequently broken loose. From 


To come now to the serious attempts which have been i all such cases, as he points out, the Derwentwater Island 
made to investigate the nature and causes of this inter- | differs in three important particulars; (1) in being* 
esting phenomenon. We may pass over the hasty and 1 usually at the bottom of the lake, and only floating for 
crude guesses of Hutchinson, Clarke, Bud worth, and j perhaps one month in four years ; (2) in being a part of, 
others, and notice first the valuable investigation of 1 and remaining continuously united with, the bottom of 
Jonathan Otley, the author of the well-known Lake- i the lake ; (3) in always occupying the same spot. 

Guide. Otley had the great advantage of the advice and It is to be hoped that this able summary of the whole 


co-operation of the celebrated Dr. John Dalton, himself 
a native of the district, who analyzed the gases collected 
from the " floating island,” Otley and Dalton’s obsen'a- 
tions were made between the years 1814 and 1830. 

In 1874, Dr. Alexander Knight, of Keswick, laid before 
the Literary and Scientific Society of that town a series 
of careful observations and judicious inferences concerning 
the floating island ; and in 1876, Sir G. B. Airy took .a 
number of bearings on the floating island, so as to fix its 
exact position. 

Such was the state of knowledge upon the subject when 
the author of the present memoir took up the investiga- | 
tion. In August 1884 he visited the island in company 
with Prof. Sylvester and some other friends, and made a 
set of careful investigations concerning the position and 
size of the island, the nature of the materials composing 
it, the gases given off from it, and the temperature of the 
water around. A second visit, in August 1886, enabled 
the author to see the island when at the bottom of the 
lake. 

In September 1887, Captain Wharton, R.N., F.R.S., 
Hydrographer to the Admiralty, obtained a section of the 
island by pushing a tube through the peaty mass forming 
the island itself down into the lake bottom. The peat 
was found to rest on a layer, only a fe^y inches thick, of a 
diafoxnaceous earth. 

The gases collected by Mr. Symons, Captain Wharton, 
and several other observers, have been analyzed by Dr. 
W. J. Rnssell, F.R.S. The results obtained(are in close 
agreeinent with those of Dalton. The gas evolved 
api^sto be a mixtuFej in nearly equal volumesj of marsh 
.gas^and nitrogen, with only small quantities of carbonic 


evidence bearing on the question, which has been pre- 
pared by Mr. Symons, may not only attract more general 
attention to a very interesting phenomenon, but induce 
some investigator with the necessary knowledge and 
leisure to make such observations as are still necessary 
before we can hope for a complete explanation of the 
exact causes to which it is to be assigned. 

JOURNEY TO THE PLANET MARS. 

Mr. SirangePs Sealed Packet. By Hugh MacColI. 

(London ; Chatto and Windus, 1889.) 

A WORK of fiction, founded upon scientific facts, is 
interesting to us, inasmuch as it may extend, to no 
j inconsiderable degree, the scientific knowledge of its 
I readers. Such attempts, however, to assimilate science 
I with fiction may have an injurious effect, unless treated 
j by one having an intimate knowledge of the phenomena 
I which he describes, and we have to congratulate the 
i author of this work upon his acquaintance with the 
I Cosmos, exhibited in this account of an imaginary journey 
j through intcrjflanetary space. 

The many means devised by that clever author, 
Jules Verne, for such a journey, are too well known to 
need any comment here. Mr. MacColl lacks the minute- 
ness of description peculiar to Jules Verne, but noverthe- 
I less fabricates a “ flying machine ” that may rank with 
the best products of that author’s ingenuity. 

The principle employed is stated as follows 

The attracting force residing in every particle of 
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matter, and drawing; it towards other particles, is capable 
of conversion into a repelling force. 

A body, hakf, of whose mass has had its attracting 
tendency converted into a repelling tendency, will have a 
specific gravity of zero, and if placed in a vacuum will 
neither rise nor fall. 

If more than half the mass of a body has had its 
attracting tendency converted into a repelling tendency, 
it will rise into the air, and, passing the limits of the 
atmosphere, will continue moving away from the earth 
with a velocity for a time accelerated by terrestrial 
repulsion, but tending more and more towards uniformity 
as it proceeds. 

The “ flying machine ” was constructed of a substance 
that had undergone such a conversion. By means of a 
regulator the resultant of the attracting and repelling 
tendencies could be turned in any direction, and so the 
velocity of the machine could be increased or diminished 
ad libitum. 

It was in this machine that Mr. Stranger made bis 
journey to the planet Mars, and the work mainly deals 
with Martian history, the customs of the inhabitants, and 
adventures and incidents en route. The two satellites of 
Mars were met, and their diameters, distance from their 
primary, and period of revolution are supposed to have 
been approximately measured by the adventurer. Having 
reached the planet in safety, a long description is given 
of the startling diflercnce one would observe on attempt- 
ing to walk upon a globe where the surface gravity was 
only three-eighths that of the earth. 

The Marsians, Martians, or Marticoli, as Prof. Young 
would call the inhabitants of our ruddy brother, were, 
according to the author, living very happily under a form 
of Socialism ; and food was almost as free and plentiful 
among them as the air which they breathed, because 
they had learnt to manufacture it from its chemical 
elements— oxygen, hydrogen, carbon, and nitrogcn—which 
existed in abundance on their planet as on the earth. In 
this Utopia, not only were electric lights in every house 
and street, and the phonograph an instrument in common 
use, but the sound-figures drawn upon the revolving 
cylinder were used as the representation of speech, such 
characters being truly phonetic. It appears strange, 
however, that although the Martians had attained such a 
high degree of civilization, yet they had no knowledge of 
gunpowder or any explosive whatever, or of any kind of 
telescope, a circumstance which seems contrary to our 
ideas on the evolution of inventions. 

The inhabitants of Mars were supposed to have come 
from the earth, and their transference was effected in the 
following manner. A sun, accompanied by satellites, in 
revolving at an immense distance round a larger sun 
passed very near to Mars and the earth, and caused them 
to approach one anothec. In the words of the writer, 
“ The common centre of gravity of the four bodies 
must have been so situated as to have almost neutralized 
the resultant of the atttaction of the earth and Mars 
towards their respective centres, so that on one part of 
the earth's surface the attraction of Mars would overcome 
that of the earth, and gently and slowly draw a body from 
its surface to its own ; while in other parts the attraction 
of the earth would be more powerful and prevent this. 
The two planets must also have been so near that their 


atmospheres were mingled, and hence the transference 
did not result in the death of those who had thus to 
emigrate against their will.'* 

Such an explanation as this, of some perplexing pheno* 
mena, shows an intimate knowledge of the laws of gravi- 
tation, Again, whilst on a visit to one of the small 
Martian satellites, a fragment of rock was broken off, and 
instead of at once falling down on the ground, as it would 
have done on the earth or Mars, it sailed slowly and grace- 
fully away, until it came in contact with another rock 
several yards off, when it descended softly and gently to 
the ground with the motion of a falling flake of snow in a 
perfect calm— an imaginary incident in perfect accord- 
ance with the laws of gravitation. Many similar incidents 
are just as ably treated, and the description of a meteor 
is worth repeating here Its general shape was globular, 
and before we had got close to it, it seemed a perfect 
sphere, but at this near distance it looked like a round 
mass of incandescent liquid covered all over with bubbling 
and boiling protuberances, which every now and then 
emitted huge jets of flaming gas, or, detaching themselves 
from the general mass, shot forth as globules of white 
shining liquid. We were, in fact, the spectators of the 
early formation of a little world, a sun in miniature, but 
resembling the sun rather as it was many ages ago than 
as it is now/' 

We might quote many other descriptions of phenomena 
all agreeing with acknowledged facts and rigid scientific 
principles. We refer to observations of the extreme 
blackness of the shadows cast by the rocks of the 
Martian satellite which was supposed to have been 
visited, the noiseless explosions of the meteor above de- 
scribed, the apparent motionlessness in space of the flying 
machine, in spite of its enormous velocity, the inferior 
attraction of Mars and its satellites, and the explanation 
of how men got transferred from the earth to Mars. 
Indeed, the work is as interesting to us as to the general 
reader, and as a means of disseminating scientific 
knowledge may be eminently useful. 

R. A. Gregory, 


OUR BOOK SHELF, 

The Uses of Plants : a Manual of Economic Botany^ with 
special reference to Vej^eiable Products introduced iuring 
the last Fifty Years, By G. S. Boulger, F'.L.S., F.G.S. 
(London : Roper and Drowley, 1889.) 

That a good manual of economic botany is really wanted 
no one who knows anything of the subject will deny, and 
pending the appearance of a satisfactory book any contri- 
butions towards such an end must be accejiited with thanks^ 
always supposing that those contributions are trust- 
worthy and intelligible. Articles by competent writers 
on the various products of the rentable kingdom are 
to be found in encyclopaedias, and occasionally special 
subjects ^are taken up and worked out by individual 
writers ; but the great want is a thoroughly good book 
treating of the whole range of economic plants^ 

The little book before us, which compises 224 pages, 
is not one that will help to such a desirable end. 

The plan adopted by the author, of dasslfying 

S roducts under aistinct heads, is un^ubtedly tneewst; 
ut it is not eq^iially carried out in all parts of the work. 
Although, under Food, Food Stuffs, and Food Ad* 
juncts, wefiodthe products divided uMer . different Sec- 
tions, as starches, Sugars, roots, fruits> m attemj 4 has 
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been made to classify the individual plants mentioned under 
each head, whether alphabetical or scientific, while those 
under materia medica, oils and oil-seeds, gums and resins, 
are placed in some sort of scientific classification of the 
natural orders. Nor is the produce of one plant, though 
of a similar character, always to be found in tne same 
paragraph. Thus, on p. 40, under roots and tubers, the 
mtrcrauction and importance of the potato are referred to, 
then comes a paragraph on each of the following : sweet 
potato, yams, Jerusalem artichokes, turnip, carrot, par- 
snip, beetroot, onion, parsnip- chervil, salsafy, and radish ; 
and then, on p. 43, we nave another paragraph referring to 
the potato, especially to the disease and the recent in- 
troductions of Soianum maglia and S. Commersoni^ which 
would have been better placed with the account of the 
potato on p. 41. 

On p, 59 the Souari nut {Caryocar nuciferum) is printed 
Somari nut, and said to be Camelliaceous. Though it is 
closely allied to the Camellia, it would have been more 
correct to call it a Ternstrocmiaceous plant. It is, 
however, for the meaerc character of the information 
generally that the book is unsatisfactory, The following 
examples, taken haphazard, will illustrate our meaning: — 
“ The Coriander, the whole fruit of Coriandrum sativum^ 
L., is cultivated to a small extent in Essex, but is obtained 
mainly from the Mediterranean and from India.” 

“ The fruits of Angelica {Angelica Archangelica^ L.) 
are used in Chartreuse, and the leaf'Stalks are candied as 
a sweetmeat ” (pp. 66-67). 

Also at pp. 160-61, under “ Dyes and Tanning 
Materials,” we find the following BeteV Nut [Arcca 
Catechu^ L) is recommended by Mr. Christy.” “ Canaigre 
is the root of the Texan Dock {Rumex hymenosepulus^ 
Torrey), recommended by Mr. Christy,” 

Mimosa extract was sent from Australia as early as 
1823, but dropped out of notice till recently. In 1880 we 
imported ;^o82,296 worth of various bark extracts” 
<p, 161), 

Though the book is stated to have “ special reference 
to vegetable products introduced during the last fifty 
years,” very few dates of introduction are given, and a 
laige number of the plants referred to were known and 
valued before the present century. 

Examination of Water for Sanitary and Technical 
Purposes, By Henry Leffmann, M.D., Ph.D., and 
William Beam, M.A, (Philadelphia : P. Blakiston, Son, 
and Co., 1889.) 

This volume contains a great deal of clearly stated infor- 
mation in its 106 pages. The authors have succeeded in 
the endeavour expressed in their preface to select trust- 
worthy^ and practical processes, and to exclude the de- 
scription of methods not generally employed, with other 
matters only remotely connected with the subject. So far 
as organic matter in water is immediately concerned, the 
^'albuminoid ammonia” and the “oxygen-consuming 
power” are relied upon by the authors. Special 
prominence is also given to the estimation of chlorine, 
nitrogen as nitrates and as nitrites (by colorimetric pro- 
cesses)^ phosphates, dissolved oxygen, and poisonous 
metals. A general method of quantitative analysis for 
technical purposes follows, including the estimation of 
hardness aJfcalimctricilly, after Hchner— rejecting soap 
solution altogether— and the estimation of boric acid, after 
Gooch, as well as the constituents that invariably receive 
attehtion, A carefully compiled chapter on the interpre- 
tation of results, and a few other matters, complete the 
volume. 

C$kstiai Motions : A Handy Book of Astronomyn By 
William Thynne Lynn. F.R.A.S, Sixth Edition, 
(London : Edward Stanford, 18S9.) 

TbUB is the sixth edition of an interesting little book, 
which explains briefly the principal facts rdating to the 
tnbtlons of celestial bodies, and to the dimensions of those 


belonging to our own system. The information has been 
brought up to date, and an addition of a chapter on “ The 
Calendar ” has been made. In the chapter on the sun we 
are told that “ the solar spots are produced by tearings 
open of some of the luminous envelopes which surround 
the sun, so that we see in them to a depth below that of 
the solar surface.” To an ordinary reader this statement 
would be rather misleading, since no mention is made 
of the absorption of the siin^s light by the descent of the 
cooler particles on to the solar surface from the upper 
regions of its atmosphere, the spots thus being made to 
appear dark and not bright. In chapter x. a short re- 
ference is made to the refraction, propagation, and aber- 
ration of light, while in chapter xii. we have a brief 
sketch of the history of astronomical discovery. The 
book concludes with an explanation of astronomical and 
technical terms. 

Science Examination Papers. Parti. Inorganic Chem- 
istry. By K. Elliot Steel, M.A., K.C.S. (London ; 
George Bell and Sons, 1889.) 

This work, intended for teachers, consists of a series of 
examination papers arranged in a progressive and logical 
order. It is divided into two parts, theoretical and prac- 
tical, and is written, as the author tells us, not as a cram- 
book, but as a means of testing the student^s knowledge 
and progress.” The first part treats of questions on 
hydrogen, oxygen, ozone, &c., followed by a set of general 
questions on the above, concluding with a collection of 
papers taken from various examinations, such as the 
London Matriculation, Science and Art Department 
Oxford and Cambridge Locals, &c. Part II. deals 
with cjuestions on simple and mixed salts and elementary 
quantitative analysis. The work is one of the “ School 
Examination Series” edited by A. M, M. Stedman, and 
should prove serviceable to those teaching natural science 
in many of our scho ols, 

A Course of Easy Arithmetical Examples for Beginners. 
By J. G. Bradshaw, B.A, (London: Macmillan and 
Co,, 1888) 

This is a very elementary book, suitable for the use of 
young boys. It consists of a collection of simple arith- 
metical examples. The first part deals with examples in 
simple and compound addition, subtraction, multiplication, 
division, and reduction. Part II., which has been in 
use for over a year in the Junior School at Clifton, treats 
entirely of vulgar fractions ; Part III., of decimals, prac- 
tice, and proportion. The various tables used throughout 
are given at the beginning, and the results of all the 
examples are collected together at the end. 

The Prospectors Hand-book, By J. W. Anderson, M.A., 
F.R.G.S. Fourth edition. Pp. 145. (London ; Crosby 
Lockwood and Co., 1889.) 

The general plan of this book was described on a preceding 
occasion, so that at present it is only necessary to notice 
the changes in the new issue. The work, we arc told, has 
been thoroughly revised and enlarged. The enlargement 
consists of about eight pages of descriptive matter, mainly 
referring to South Africa ; but the results of the thorough 
revision do not appear to be very considerable. Nearly 
all the mistakes ana ambiguities in the original descrip- 
tions of metallic minerals are unchanged. The author 
calls attention to an addition descriptive of aluminium 
and its ores, from which we gather that bauxite is a ferru- 
ginous clay, a statement that is both original and incor- 
rect On pp. 94 and 96, one ton is said to contain 29,1^ 
troy ounces, while in the table, on p. 121, i per cent., in 
an assay return, is given as equivalent to 326 ounces 13 
dwts. 8 grains per ton. The latter statement is right, the 
former one is wrong, but the author does not attempt to 
explain the discrepancy. Perhaps he will do so in the 
next Issue, H. B. 



594 


NATURE 


35. 


LETTERS TO THE EDITOR, 

ITTif Editor does not hold himself resp^sible for opinions «t* 
pressed by hU correspondents. Neither can he undertake 
to return^ or to correspond with the writers of rejected 
manuscripts intended for this or any other part of Nature. 
No notice is taken of anonymous communications, ] 

Coral Reefs. 

With reference to Captain Moore’s two difficulties, I have to 
say (J) The position of banks around islands depends, in my 
Opinion, on the nature of the rocks ; loose material, or easily dis- 
integrated rock, may be found either on the lee or weather side 
of an island, 'i’here are many examples of these banks in all 
positions around islands where there arc no coral reefs. (2) I do 
not think it is the case that corals reach the surface simultaneously 
on all sides. What Captain Moore refers to as sunken reefs is 
good evidence that they do not. The great uniformity in the 
breadth of the reefs in some regions is, according to my view, 
due to the ]>lay between the forces secreting and depositing car* 
Ixmatc of lime, and those engaged in its disintegration and 
.solution whenever the organisms have died. Reefs are very often 
non-continuoiis, as Captain Moore himself points out in the case 
of the Hairier Reef of Australia. This, too, I have explained in 
the same way, but taking into account local conditions. I cannot 
admit Captain Moore’s supposition about the hlling lip of the 
lagoon around Solo, nor liis explanation of the bank to the west 
of Ono. I have no charts with me here, so cannot at present 
refer to the other illustrations he has given. 

Grange mvtir, Pittenweem. John Murray. 

An Earthquake ? 

•Gn Friday, July 5 i the inhabitants of Lyme Regis were much 
astonished b)' some noises, which look place at intervals 
between ii and 11.15 p.ro., and which there seems good 
reason to believe were caused by an earthriuake. In three 
houses the occupiers thought that heavy pieces of furniture 
were being moved about, whicli was of course found not to 
l>e the case: and in another the inmates thought at first 
that something was wron^ with the kitchen boiler. The noises 
observed consisted of a distant rumble which grew nearer till at 
last the windows of the houses rattled, and in some cases distinct 
vibrations of the houses were felt, Some h.wc supjrosed that 
the>c noises were caused by guns at sea, but this seems inipos> 
sible, because (i) the rattling of the windows occurred after the 
distant rumble, and not simultaneously as would have been the 
case with guns ; (2} a gentleman who has had much experience 
in guns and firing, has declared that the noise was not like guns ; 
(3) after making enquiries we have been unable to discover that 
any firing at sea took place that night ; (4) although the night 
w'as still, a heavy ground swell was observed. These phenomena 
have not received any notice as far as we know in the public 
press, and it seems a pity, if an earthquake, as we believe, really 
took place, that there should not be some record of It, 

Lyme, A. IL Sharpe. 

I'he Excursion to the Volcanoes of Italy. 

Thanking you for noting the intended excursion of geologists 
to the active and extinct Italian volcanoes under the auspices of 
the Geologists’ Association and Geological Society of London, 
] would like to draw the attention of your readers to the remark- 
able changes at Stromboli which have lately occurred. New 
eruptive mouths have opened, and there has been an outflow of 
lava, a phenomenon so far unknown (so far as recorded) from 
20C0 to 3000 years. There is an uncertain reference to such an 
occurrence, but the change at Stromboli from Strombolian to 
Vesuvian activity is remarkable. I am also informed that the 
eruption of Vulcaiio still continues with paroxysms of greater 
activity. Ihus the excursionists will have the advantage of see- 
ing changes that, even for a constant resident in sucli a rq;;ion, 
are rare. H. J. Johnston -Lav is. 

Naples, July 15. 


Seismology in Italy. 

I WAS glad to see that Prof. Grablovitzhad laid claim to atten- 
tion for some of his other memoirs which I had not at that time 
seen, and which we of much value, I would especially draw the 


attention of seismologists to his study of the relationship of 
l^rature and outflow of a thermo-mineral spring at Pwto 
d’lschia to the tides and barometric pressure. 

In my article I only reviewed those memoirs placed in my 
hands by the Editor of Nature, or sent to me privately. I may, 
how'cver, say that as near as possible a complete review of all the 
papers on seismology and vulcanology published during 1888 is 
being prepared by me for the Annuaire Chlogique Universel of 
this year. I should therefore be glad to receive any other papers 
on those subjects, that have not been sent to me, as soon as 
possible. ri. J. JoHNSTON-LAVIS, 

Naples, July 15. 


The Earthquake of Tokio, April 18, i8Bq. 


Reaping the report on this earthquake in Nature (June 13, 
p. 162), I was struck by its coinciaence in time with a very 
singular perturbation registered by two delicate horitontal pen- 
dulums at the Observatories of Potsdam and Wilhelmshaven. 
These instruments, which represent, with some modification, 
Prof. Ztillner s horirontal pendulum, were established in March 
1889, for studying the slight movements of the ground. 
The motion of the pendulum, which is left to oscillate freely 
whenever its equilibrium is disturbed, is r<^isiercd by the same 
photographic method as that employed ior magnetic observa* 
tions. The pendulum is in the plane of the meridian, so that 
any shock, the direction of which is not in this plane, will pro- 
duce oscillations of the pendulum, diminishing gradually, if it 
is left undisturbed after the shock. The pillars supporting the 
instruments are fixed in a depth of i metre below the ground of 
the cellar which was chosen ns a suitable place for the erection 
of the instrument. 

During the three months from April to June, the disturbance 
of April 17, l8h. G.M.T., was the most remarkable which oc- 
curred The following readings of Greenwich mean time, which 
are best explained by the accompanying figures, are taken from 
the original photographs ; it must, however, be mentioned that 
the small scale of 1 1 millimetres per hour does not allow a very 
accurate determination of time, and that an error of one minute 
or two is quite probable. 

(1) Potsdam, — 1889, April 17. From Sh, until I7h, 2ITO., 

great steadiness of image. 

h. m. 

1721 First traces of disturbance. 

17 39 Heginning of small oscillations. 

17 54*3 Motion increases and reaches Us maximum 

at 

18 1 Amplitude of oscillation 154 millimetres. The 

amplitude then suddenly diminishes. 

18 43) 

18 58 > Maxima of oscillation. 

1945) 

flo o Perfect steadiness of image. 

(2) Wilhelmshavcn-^Htrtt also, the image Is perfectly stehdy 
until lyh. 3ora. 

h. m. 

17 30 Beginnti^ of small oscillations. 

17 48 -17 51 A short interval of perfect steadiness, 

17 51 The movement suddenly increased, and as the Ijeht 

is not strong enough to mark the single oKifla- 

tions, the image disappears until 

18 38 when the principm disturl^nce reaches its end. 

•8 SI) 

19 zz [ ^**'11* small oscillations. 

20 2 ; 

20 7 Perfect steadiness. 


If we compare these dates, it seems most probable that fha ^ 
momert whi^ shows a sudden increase of motion, and is best 
marked on the curves, may be considered os the beginning of 
the principal disturbance. We thus have — 


For Potsdam lyh. 54‘3m- 1 ,, 1 , 

For Wilhelmshaven... t7h. 51m, j Mean, lyh. 52 ym** 

which, considering the error of the readingSk may be taken os 
one and the same mmnent. 

The beginning of the ear^quidie of Tokio was observed at 
2h, 77 i*>* Tokio M.T. The dmereace of loogttude (taken huM 
a map) being^. ro-3m. E„ we find tl^at the opcurvhd at 
i6h.‘48’4in. O.M.T. on April 17, ntui th 
to travel acroM the body of the earth. 


thus it took lbs 
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Taking the ft, Uo wing longitudes and latitudes — 

J39 50E., 35 44N. 

PouJam ji 4 „ 52 24 „ 

Wilhelmahaven ... 89,, 53 32 ,, 



POTSDAM. 


WfCHELtlSRAyCH ISAS APRIL 17 

'■ ’ ">» M H — ' ' 41 "'"p H M 1 

mil* I8H eiti 

^a MCAN TtMC 

tod i^glieeting tile ellipticUy of the earth, we find the following 
dtsttoce*!-- 

Tohio to Poladam 8iat kllometresa 

Toklo to Wllhelmilhavtn, 8307 „ 


Dividing the mean 8264 3858s., we find a velocity of 2143 

metres of propagation on the straight line connecting Tokio 
j and a place between Potsdam and Wilhelmsimven; and con- 
sequently the shock ought to ha\e been observed at Wiihelms- 
! haven 408. later than at Potsdam. 

The above value of velocity is between the values found by 
Milne from seismic experiments, viz. 900- 1400 metres for 
different kinds of rock, and by Abbot from the effect of 
dynamite explosions, viz. 3800 metres. VVe may therefore safely 
conclude that the disturbances noticed in Germany were really 
, due to the volcanic action which caused ihe earthquake of Tokio. 

Potsdam, July 5. E. voN Khueur-Paschwit/,. 

P. R. — I add a list of the most remarkable disturbances noticed 
during the course of the observations. Unfortunately, the work- 
, ing of the instrument at Wilhelmsbaven W'as often disturbed by 
the effects of an excessive dampness in the cellar. The time is 
G. M. T. ns above. 

1889, April 5. — A day of great stendinc‘5‘?, A pmall perturb- 
ation bep ins at 9h. (Potsdam) and qh. 5 ’ 4 ui. (Wilhelmsbaven). 
It is divided by a short time of steadiness, 9h. ir4m. (Potsdam) 
and 9h. 16 Sm. (Wilhelmsbaven). 

April 8. — A fine disturbance begins at i6h. 45 '6111. (Potsdam) 
and i6h, 47 ‘4m. (Wilhelmsbaven), 

April 15. — A day of remarkable unsteadiness ; the principal 
perturbation at lx>th places lasts three hours, and lies between 
yh. and lob. It is impossible to determine a certain phase. 

April 25. — A perturbation from i6h. 48m. to i8h. 12m. at 
Potsdam. No photograph obtained at Wilheimsliaven. 

April 28. — An earthquake, consisting of one principal shock, 
apparently took place at 2i4h. ; the times noted are 21 h. 34 'Sm. 
(Potsdam) and 2ih. 36-6m. ( Wilhelmshaven). 

May 21. — A pretty large disturbance at Potsdam, lasting from 
loh. iih. 6m , interrupted by a moment of rest jit 

loh. 42m. No photograph at Wilhelmshaven. 

May 25.^ — Tw'o very remarkable disturbances at Potsdam— 
yh. 9m. ond lol). 42m. — each lasting ih. No photograph at 
. Wilhelmsbaven. 

May 26, — A disturbance noticed at Pots>dam, at oh. 24m. 
No photograph at Wilhelmsbaven, 

May 30. — At Wilhelmshaven, two shocks are noticed — 
8h. 18 6m. and 9h. 24m. — which are probably connected with 
the English earthquake of this day. Perfect steadiness at 
Potsdom, 

May 31.— A disturbance of enrlhqimkedike appearance. 
Time of beginning, at Potsdam, 8h. 48111. ; at Wilhelmshaven, 

, 8h. 44 ’4m. ; the latter time being rather uncerluin, on account 
of the faintness of the curve, 

T hope that one or other of these facts may prove to be of 
interest to seismologists. 

On the Phenomena of the Lightning Discharge, as 

Illustrated by the Striking of a House in Cossipore, 

Calcutta. 

During a heavy thunderstorm which passed over Calcutta 
about 5.30p.m. on Saturday, June 8 lait, the house of Conductor 
W, Viney, at CosKiporc (a suburb of the city), w.is struck by 
lightning, and T have thought that a description of the pheno- 
mena connected with it might perhaps be worth placing on 
record in the columns of Nature. 

I was myself watching the storm from the veranda of my 
' residence about 300 yards distant, and observed that the discharge 
in question was one of extreme violence, T visited the scene of 
, the accident within a few hours, with Mr. Viney’ft permission 
’ taking the notes from which this account is prepared : and, owing 
to the exceptional opportunities for observation which obtained 
. in this case, have been able to secure tnistwonby ^talements as 
to the appearance of the discharge, and further, by inquiry, to 
j satisfy myself upon one or two points which I believe to possess 
considerable scientific interest. 

1 The house which was struck is large, square, 11 nd flat -roofed, 

• and is occupied by three foremen employed in the Government 
; Shell Factory adjacent ; it is providedwith a lightning-conductor 
projecting 8 or 9 feet above the roof-level, and situated near to 
one end of the building, but apparently unconnected with any 

0 her portion of the roof. It is possible that a >>ortion of the 
discharge passed harmlessly away by the conductor, but of this 

1 have no evidence, positive or negative. The lightning entered 
Mr* Viney ’s portion of the house by a corrugated iron covered 
hatchway standing 6 feet high at the corner diagonally opposite 
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to the conduotori and about 70 feet distant from U in a direct 
Kne : leaving the iron cover and its wood lining untouched, it 
broke through the masonry, huiiii^ portions of the brickwork 
to a distance of 25 feet along the &i roof ; then, bridging over 
3 or 4 feet of air, It reached the iron hand-rail of a spiral wooden 
staircase leading into the house. Incidentally, it may here be 
noted that this house is the nearest to the factopr, which bristles 
with lightning-conductors at every available point ; and, further, 
that the charged cloud would In its course pass over the portion 
struck before it could reach either the factory conductors or that 
on the house itself. Passing down the hand-rail for 11 feet, it 
reached a point at which metallic continuity ceased, owing to 
the interruption of the hand-rail ; here it appears to have divided, 
a portion leaping along 5 feet of the wall and stripping off the 
laster in patches, until it reached the second section of the 
and-rail ; through this it passed harmlessly, and then flew through 
2 feet of space to an iron rod resting in the comer of the wall, 
perforating a wooden ** stair-rise” on its path. The other por- 
tion dischaiged through about 7 feet of space in the angle of the 
wall direct ^om an iron standard, supporting the first hand- rail, 
to the iron rod ; here, reuniting with the other portion, the 
whole current broke through the wait into an adjoining bed- 
room, and thence through the wood flooring to a sitting-room 
beneath. It may be observed that the spiral staircase at one 
time communicated with the ground-floor, hut has since been 
filled in and covered over; there is no evidence, however, to 
show that any portion of the charge made earth in this direction. 
Within a few feet of the point where the ceiling was penetrated 
(but round a comer) is a broad staircase with a wooden hand- 
rail, supported by uprights of iron rod placed about 4 or 5 inches 
apart from top to bottom ; but this path was not taken. Having 
penetrated to the sitting-room, as above described, it appears to 
have passed in a direction precisely opposite to that ultimately 
talien, and to have circled m a spiral manner around one of two 
brick pillars at that end of this room, and having laid bare the 
bricks in several places, but chiefly at a height of 4 feet from 
the ground, it passed across the room in which Mr. Viney was 
sitting with seven members of his family and friends, and up- 
wards to the ceiling at the opposite end. Breaking through the 
ceilibg (which is, as usual in tnese houses of wood, not of plaster), 
it burst up the boarding and singed the matting above, and 
Ojpin descended, but now into the dining-room on the other side 
of a partition wall. Here, darting diagonally downwards to the 
opposite wall and stripping off a large area of plaster in one 
place, it made for an electric bell suspended in the centre of this 
wall, fused the contacts, and apparently passed along the con- 
necting wire to the battery, of which two out of six cells were 
shattered, and finally escaped through a return wire to a cook- 
house 30 yards distant in the compound. Strangely enough, 
these wires, altho^h thin, are not fused, which serves to 
strengthen the opinion that only a portion of the charge pene- 
trated at least into the lower rooms, even if the whole entered 
by the spiral staircase. 

llie path of the dischai^^e from the first entrance into the 
sitting-room to the final exit by the bell- wire is somewhat in- 
expUcable— especially the circuit of the brick pillar, which is 
said to be of solid masonry, with no iron core ; it is true that a 
sewing-machine was standing on the further side of the pillar, 
but ^though within a few inches of the patch denuded of plaster, 
it appears to have been unaffected. Again, there were several 
metallic objects in the room— an iron chair close to the above- 
mentioned pillars, and a square horizontal piano with the 
strings parallel to the line of discharge, yet both were untouched ; 
the occupants of the room also were practically in the same line, 
but were perfectly uninjured. Then, too, there was apparently 
nothing to lead the lightning through the ceiling boards to gain 
access to the dining-room in preference to an open door a few 
feet distant. And, lastly, it did not pass across the latter room 
in a direct line to the electric bell, but struck the wall about 5 
feet away, tearing away the plaster and leaving upon' the bricks 
a netted marking recdling the branching discharged of a torrent 
of sparks from an induction-coil or Wimshurst machine ; near 
this point, but a few inches to *one side (the bell side) and in 
front, was a pendent iron chain, which may have determined the 
charge in that direction, but shows no sign of Slaving been 
touched ; and immediately beneath the spot through which the 
lightning^ entered the room was standing a member of the 
household, who also escaped with a severe shock to the nerves 
and a temporary tingling sensation. Attached to tbe aflected 
pillar in the sitUng-room wu a cuckoo clock, and this alone in 
that room appeared to suffer ; the weight chain was taken in 


transit, and the dock began vigorously to chime, which it haa 
refused to do ever since. 

Mr. Viney happened to be facing in such a direction that be 
could watch the progress of the discharge. He describes the 
effect as that of an intensely brilliant ball of yellow fire, about 
6 or 7 inches in diameter, which passed from one end of the 
room to the other at a pace just sufficiently slow to allow it to 
be readily followed by the eye ; about half-way across, it 
appeared to be momentarily checked, and then, seeming to burst 
with a deafening report which shook the whole house, it 
scattered and passed onward. 

About certain points he is absolutely certain ; there was no 
premonitory warning, no sound of a brush discharge or odour of 
ozone, the first intimation being the entrance of the fire-ball 
itself. Again, the direction taken was from the staircase to the 
bell (that is, from cloud to earth), and the direction was uniform, 
and no second ball was seen to enter from the opposite side to 
meet the first and so produce the apparent explosion, nor after 
the concussion was there any other phenomenon than the passing 
on of the ball. 

Again, it has long been known that the passage of high ten- 
sion discharges through mixtures of oxygen and nitrogen induced 
combination of these elements ; I therwore asked Mr. Viney aa 
to the after appearances, and as to the presence of unusual 
coloured gases, or of a suffocating sensation. He at once said 
that the whole house seemed to be filled with an orange-coloured 
gas (mixed, of course, with clouds of dust), the breathing of which 
was perfectly stifling, and was equivalent to inhaling the fumes 
from burning sulphur. I have since asked him to report upon 
a sample of nitrogen telroxide highly diluted with air: he 
declared that the gas in his house was of a brighter orange 
shade, and of a somewhat similar yet not identical odour ; on 
presenting him, however, with a stronger mixture, he was quite 
confident that both in colour and in smell the two gases were iden- 
tical. I am here practically confined to my own library for 
books of reference, but am not aware that this observation has 
actually been made before, although, as above stated, theory has 
long since ruled that such a reaction must occur during the 
electrical discharges of a thunderstorm. But the proof is here 
not only that the reaction does occur, but that a very large 
proportion of the oxygen in the atmosphere immediately sur- 
rounding the path of the flash must be converted into oxides of 
nitrogen. 

The appearance of the fire-ball was only within the house. 
The discharge as seen from my position appeared as an almost 
straight ribbon of light ; owing unfortunately to intervening 
trees, the flash could not be traced quite to the house, or the 
question as to the branching of the lightning on entering the 
house might have been definitely answered. 

Several points seem to be thus clearly brought out, intei' 
alia^ (I) the futility of partial lightning-cnnauctor protection 
(2) the apparently erratic nature of the discharge ; (3) the apparent 
conversion of the instantaneous discharge of nbbon-lightmng into- 
the slower traveUing modification of globe-lightning; (4) the 
formation of large volumes of oxides of nitrogen by the lightning 
discharge. 

The above recorded observations might api>ear to add colour, 
to an authoritative statement on p. 029 of Nystrom's 

Pocket-book of Mechanics” (Philadelphia and London; re- 
vised and enlarged edition of 18^), where, in speaking of certain 
explosions, tbe author (or at least the printer) lays down that 
“ the explosion of nltro- glycerine is instantaneous like that of 
electricity passing between two points, decomposes a small por- 
tion of the air, and explodes the nitrogen by concussion, which 
makes the electric spark. Thunder and lightning are explosions 
of a kind of nitro-glycerioe formed by electricity in the air.” 
We might even be Ted to indorse this both novel and ingenious 
explanation could we but bring ourselves to reverse existing 
notions as to the properties of matter and the laws of thermo- 
chemistry, and, at tbe same time, reconstroet the principles of 
electrical science upon a suitable basis. 

The accumulation of authenticated cases such as the above is 
of value in throwingmorelightuponthe vagaries of the electric 
fluid” at enormous potential, and in belting to elucidate the 
laws under which ft acts, and hence the laws which should 
govern the protection of buildings ; and it is in the hope that 
this account may form a small item in the mass of evidence, that 
1 venture to forward it for publication. 

Waltw G. McMn-iAN* 
Chemical lC>epaitment, Shell Factory, 

Coestpore, Calcutta. 
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The Circulation of the Atmotphere over the Equator. 

Absence from home has prevented my seeing Mr. Foulger’s 
letter on this subject till to-day. 

The observations on the upper winds over the doldrums, which 
I have described in Nature, were taken in about 5* N. latitude 
and a8® W. longitude, and the whole section of the trades and 
doldrums lay in a line drawn from St. Vincent to Rio Janeiro. 

When I stated that 'Mow clouds from south-east flew over the 
north-cast trade up to 15® N.,” I meant to say that while the 
surface- wind from the doldrum to 15“ N. was the north-east 
trade, the low or middle layers of cloud moved from south-east, 
all along the line of (he section al>ove noted. 

Unfortunately I am unable at present to give a general scheme 
of the drculation of the atmosphere, though 1 have worked at 
the subject for years ; and my recent observations in the Andes, 
from Peru to Cape Horn, throw much new light on the question. 

What we do kgow is that the surface trades either die out at 
the doldrums, or unite into one moderate east current ; that the 
low and middle currents over the doldrums are very variable, but 
that the wind at these low and middle levels — say 2oco-20,coo 
feet— come usually from the south-east over the north-east trade, 
and from ihi.- north-east over the south-east trade ; and that the 
highest currents—over 20,000 feet— move from east over the 
doldrums, from south-west over the north-east trade, and from 
north-west over the south-east trade. We also know that the 
high level south-west and north-west winds near the equator 
gradually descend to the earth's surface about 30® N. and 30“* S. 
respectively. 

What wc do not know is the relation of the south-east low 
and middle current over the north-east trade to the south-east 
trade on the other side of the equator, nor have we yet dis- 
covered what becomes of this middle current ‘in the northern 
hemisphere. In like manner the origin and ultimate destination 
of the middle north-east current over the south-east trade is 
equally a matter for future research. 

Of course, all meteorology turns round the general circulation 
of the air through the heating of the equatorial regions, but 
what I maintain is that the simple scheme which assumes 
nothing but an upward current over the doldrums and a return 
current towards each Pole is not confirmed by observation. The 
reality is more complex, for the centre of the high doldrum cur- 
rent is from the cast, but diverges at the edges from south-west 
and north-west. 

The discovery of the true nature of the general circulation of 
the atinosphere from the equator to the Pole — apart from any 
theoretical considerations— is a matter of so much importance for 
the future of meteorology, that I hope all future travellers across 
the equator will note carefully the direction of the clouds in low 
latitudes. I know this is somewhat difficult on board ship for 
want of a steady point of reference ; but those whose zeal prompts 
them to look out between 5 and 6 in the morning, and from 
6 to 7 in the evening, will usually find the moon, or some bright 
star, by means of which the direction of the cloud -motion can 
be accurately determined. Above all things, the relative, and if 
possible the actual, level must he carefully noted ; and the obser- 
vations should not be recorded as we so often see — wind north- 
east, clouds south-west— without any indication as to whether the 
south-west current is at a low, middle, or high level. 

^ Ralph Abercromby, 

31 Chapel Street, London, July 32. 


Changed Environment. 

It is generally known that the English sparrows were intro- 
duced into the United States on the supposition that they were 
Insect feeders, and would protect our trees from the canker- 
worm. For the first time in my remembrance, I have seen one 
attack A caterpillar this summer. Their usual food appears to 
be the seeds found in horse-manure on (tie streets. They are 
conceded to be an unmitigated nuisance, not 
^ng their Signed work, and preventing others from doing it. 
^ey uturp the place of the more charming native birds, the 
blue-bird, the wren, and the Baltimore oriole, once common in 
pur cities* Still, we have to confess that the sparrows are 
udetestiog little creatures, aggressive and pugnacious. 

I was lately told of a circumstance, which I can myself now 
An American rohia was seen watching a beetle, 
MWwn here as the " lune bug,” that had just em^ged from the 
gMsmd. He tossed him about with his bill, and was closely 


watched by a sparrow who had alighted about a foot away. 
Seeing the latter, the robin at once attacked him, when the 
sparrow made a dive between his legs, seized the beetle and 
flew away. A robin rarely hunts for earth-worms, of which 
robins are especially fond, without being followed by one or 
more sparrows. These often get the worm for which the larger 
but le^ agile bird has laboured. 

Another matter suggests itself to me. Mr. Wallace iq his new 
and delightful book on " Darwinism,*' which reawakens one's 
old enthusiasm, says that many plants live "not where they 
must, but where they can." The natural habitat does not always 
appear to be the best. Thus, Lohdia rardinalis^ so common 
in our Rhode Island woods, is always found on the brink of 
running sireams, or where these have been, or near water. It 
is in such sense aquatic. But, removed to a garden, it will grow 
vigorously and multiply astonishingly exposed to full sunlight 
and in ordinary loam. Indeed, the plants prefer to escape from 
the beds into the gravelly paths. They will overrun a garden. 

Nova^ AngliiV is not one of our most abundant asters, 
but in a garden it will crowd out all else. The seedlings spring 
up even in the dry soil loved by Piantago major, Viola pedata^ 
which grows naturally in sand, will flourish and increase in size 
by cultivation, becoming as handsome as a pansy, CorydaHs 
giauca grows in nature on hot exposed rocks and cliffs; it will 
grow larger and better, and set seed abundantly, in rich loam. 

I could multiply instances of such changed environment 
where the result was beneficial. W. Whitman Hailey. 

Brown University, Providence, Rhode Island, U.S.A., 

July 2. 


Lamarck versus Weismann. 

I SHOULD like to call the attention of those interested in 
organic evolution to a remarkable passage in Mr. Wallace's 
recent volume on " Darwinism." This work is throughout an 
argument in defence of Darwinian principles, in their original 
unmodified form as stated in the " Origin of Species," in oppo- 
sition to all recent criticism or development of those principles. 
And yet on p. 129 the author publishes the following passage : — 
“ Now the eyes of these fish (PleuronectidEc) are curiously dis- 
torted in order that both eyes may be on the upper side, where 
alone they would be of any use. It was objected by Mr, 
Mivart that a sudden transformation of the eye from one side to 
the other was inconceivable, while if the transit were gradual, 
the first step could be of no use since this would not remove the 
eye from the lower side. But, as Mr. Darwin shows by refer- 
ence to the researches of Malm and others, the young of these 
fish are quite symmetrical, and during their growth exhibit to us 
the whole processor change. This begins by the fish (owing to 
the increasing depth of the body) being unable to maintain the 
vertical position, so that it falls on one side. It then twists the 
lower eye as much as possible towards the upper side ; and the 
whole bony structure of the head being at this time soft and 
flexible, d/e constant repetition of this effort causes the eye gra- 
dually to move round the head till it comes to the upper side. Now 
if we suppose this process, which in the young is completed in a 
few days or weeks, to have been spread over thousands of gene- 
rations during the development of these fish, those usually sur- 
viving whose eyes retained more and more of the position into 
which the young fish tried to twist ihem^ the change becomes 
intelligible." 

A Lamarckian could accept the above passage almost without 
altering a word. The words I have italicized describe with 
absolute precision the muscular effort of the fish as the active 
cause, both of the individual and the ancestral metamorphosis. 
And yet, in chap, xiv., Mr. Wallace expre.sse8 his acceptance of 
Weisroann’s dogma of the non- inheritance of acquired characters 
with the words, "We cannot therefore accept any arguments 
against the agency of natural selection which are based upon 
the opposite and equally unproved theory that acquired 
characters are inherited ; and as this applies to the whole school 
of what may be termed Neo-Lamarckions, their speculations cease 
to have any weight," J. T. Cunningham, 

July 19. 


Bored Stones in Boulder Clays. 

Stones bored by Phdas and Saxicatfa are by no means rare 
n the shelly ** Basement cU^ " of East Yorkshire, and I have 
oGCOsiomdly found examples in which the shells remained in the 
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bpril^ surrounded by To^HiHrerous sand, just os described by Mr. 
T. AleiJard Keade/rom the Lancashire area. These stones are 
reneraUy limestones of various kinds — Carbomlerous, Magnesian, 
Jursssic, or Cretaceous — and the diversity of their origin seems 
to show that they have first been scattered over a sh^Iow sea- 
bottom by fioating ice. and afterwards perforated, but I do not 
think that they can be taken as proof of the marine origin of 
the boulder clay in which they now lie. 

The same boulder clay contains many detached valves of bi- 
valve shells, and these very frequently ‘till hold a pinch of sand 
under the umbo, though themselves firmly embedded in hard 
clay ; and in one ca‘e T found, under such conditions, a perfect 
shell [Teliina bahhica)^ with valves united, enclosing similar 
sandy material. 

It seems to me very difficult to explain by any theory of float- 
ing ice how this sandy matrix could have been preserved in the 
boles of the s' ones and under the valves of the snells, while it is 
easy to understand how this might tal e place through the agency 
of land ice advancing over a sea-bottom. 

Before the culmination of the glacial period, while yet the ice 
was encroaching upon the sea- bed, and long before it had reached 
its greatest extension, there muvt have l>cen a vast quantity of 
floating ice in the waters, which would drop stones and other 
material over the sea-bottom ; and there must also have been a 
great extrusion of matter from the various glaciers. And as the 
ice advanced this material would necessarily become part of the 
moraine prrfondc of the glacier, and would be more or less 
mixed up with the old sea bottom, but the resulting boulder clay 
could scarcely be called marine. G. W. Lamplugh. 

Bridlington Quay, July 15. 


Mr. Lydekker on Phenacodus and the Atbecee. 

/n his article on Phrfiaroiim privuivus in Nature of May 
16 (p. 57), Mr, Lydekker expresses his disbelief in my opinion 
that that animal is nearly related to the immtdiate ancestor of 
the line of the Quadnimana, and of man. I am somewhat sur- 
prised at the' t'ositiveness of Mr. Lydekker’s expression, as he 
must be aware of the difliculties that surround this part of 
the question. What may be known about it is as follows : — 

First, I have always l>cen careful to avoid the assertion that 
the genus Phenacodus was in the direct line of descent of man. 
When I first traced the ancestry of the Quaclrumana, T indicated 
the aub-order Condylarthm as its source {American Ncituralisty 
1685, p. 347 ; “Origin oftbe Fittest,” 1887, p.343), not the genus 
Phenacodus. On a subsequent occasion I restricted the range of 
probable ancestry to the family Phenacodontidcs {Naturalisty 
1888, p. 663). In the advertisement to which Mr. Lydekker re- 
fers, I say of the Phenacodus prinhevus^ “ Representative of type 
believed to be, the ancestor of all hoofed Mammalia, monkeys, 
and man.” Mr. Lydekker's reference to this advertisement is 
slightly different. 

Second, Mr. Lydekker objects to regarding Phmaeodus as 
within the ancestry of the lemurs and man, because it appears 
to have no clavicle. To this proposition two replies may be 
made. The first is, that it is by no means certain that it had no 
clavicle. The second is, that if it had none it ig not certain that 
that fact would exclude it from the ancestry of the Quadrumana ; 
certainly it would not exclude some near ally of the same family 
or sub-order which possessed a clavicle. On these points I 
remark further. 

Thirtl, nothing can be determined from the specimens as to 
whether the Phenacodus primrevus or P. ^uorhnani had clavicles 
or not. None were found, but this part of the skeleton was dis- 
turbed in both gnecimens. Thus the clavicles, if present, may 
have been like tnose of some Carnivora and Kodentia, connected 
with the manubrium stemi and scapula by soft tissue only, and 
so have been readily lost. 

Fourth, the presence or absence of clavicles is not important 
in a systematic sense. It is not available as a definition in the 
oi'ders Edentata, Rodentia, Insectivora, and Carnivora, where, 
as is well known, it may be prevent, rudimental, or absent. And 
in the phylogenetic history of a line, I see no reason why clavicles 
might not lose and later recover their osseous tissue under 
suitable stimulation. 

Finally, I believe that the Condylarthra are in the direct line 
of anoesliy of the higher apeSj so long as no better objections 
can be found than those raised by Mr. f.ydekker. Another ob- 
jection exists which he has not pointed out ; vis. the absence of 
M^pbyses of the vertebree. But this objection loses much 
s when we remember that anapophyses ace also waaUng 


from the vertehrse of the anthropoid apes and man. What their 
status wag In the anthropoid lemurs [A napivm&rphus) we do not 
yet know. Moreover, a trace of the anapophysial sti^ctnre does 
exist in both spreies of PkenacoduSy as a fold continuous from 
the posterior border of the neural arch over the centrum. As 
regards the clavicle, it is highly probable that it is present in 
some of the genera of the Condylarthra, and even of the Phenac- 
odontidee^ such, for instance, as Proto^oniay but we know too 
little of the striicfure of the skeletons of reverai allied genera, to 
enable us to determine the points in question. On the presence 
or absence of anapophyses in such genus of Condylarthra will 
depend the solution of the question whether the descent of man 
passes through Anaptomorphus or Adapis^ or some other un- 
discovered form of Quadrumana, to the anthropoid apes. 

While on this subject I refer to Mr. Lydekker's reference to 
my l^rm Athecae (Testudinatab as “ungrammatical.” He de- 
clares that the grammatical form should be Aihecata, Now, 
while the l.'itter expression is perhaps grammatical, it is not more 
so than the one which I elected to me. It is probably well 
known to Mr. Lydekker that scientific names are written in 
Latin, and not in Greek. The singular Alhecn, although dc' 
rived from the Greek, becomes T.atin by scientific use and usage, 
and is declined, genitive ,7*, and nominative plural a also. See 
Latin words derived from as Bibliotheca, -se. I used the 
substantive form, which is more usual than the adjective, in 
making scientific names. E. D. CoPB. 

Philadelphia, July i. 

Systematic Position of the Characeae. 

The position in a natutal system of classification of this small 
and strongly differcniiatod group of aquatic plants has been so 
long a subject of controversy, that any additional light upon it 
will be welcome to vegetable physiologists. I therefore desire 
to call the attention of my fellow-botanists to the remarkable 
paper by M. Guignard, “On the Development and Constitution 
of the Anthcrozoids iff Cryptogams,” in the early numbers of 
the lew botanical journal cditetl by M. Bonnier — the Ka^ue 
GMrale de Botanique. It is true that these observations only 
confirm the earlier ones of Thuret ; but the care with which M. 
Guignard has worked out the subject, and his l>eautiful drawings, 
tend to emphasize the results previously oblainrd. 

No one who compares the drawings of the anlherozoid of Chara 
fraj^Hs in PI. 2 with those of Peilia epiphyiia in PI. 3 can fail to 
be struck with their remarkable recemblance. Each is a long, 
corkscrew- shaped body, with a pair of very long and slender 
vibratilc cilia attached to its anterior extremity. The mode of 
development of the antherozoid is aUolhe same in all essential 
particulars in both cases, and is thus described by M. Guignard. 
The body of the antherozoid proceeds from the nucleus of the 
mother- cell, and moreover gives all the micro- chemical reactions 
of nuclein. The vibralile cilia are derived from the cytoplasm. 
A thickening band first appears on the surface of the nucleus, 
and grows longer and longer, forming eventually a kind of beak, 
and the whole nucleus becomes twisted apirUly as it increases in 
length. As soon as the outlines of the anterior extremity of the 
fiiament are discernible, the two cilia may he perceived in the 
thin layer of hyaline protoplasm which is nearest thi-s extremity. 
Later on, the cilia, which at first lie close to the filament, become 
separated from it, and the rest of the protoplasm gradually dis- 
appears, being absorbed and used up for the nmriiion of the 
antherozoid, so that only n few granulations arc left on the 
posterior extremity of the filament. The only difference of any 
importance between the antherozoida of Cbaracea: and those of 
Muscineee is the absence in the former of a vesicle formed from 
the cytoplasm of the mother-cell. 

If now this is compared with the figures {PI. 5) of the 
antherozoids of Fucus serratusy and the account of their mode 
of development will be seen how wide are the differences in 
many essential points between the corresponding processes in 
Characen; and in the higher Algae. These facts seem to me 
strongly to corroborate the view which I have on seveial 
occasions ventured to bring forward, and to support by other 
considerations, that the Characem arc more nearly related to the 
Muscinere than to the true Algce. 

1 may mention in conclusion that M. Guignard adopU ihe 
revised terminology which I have advocated, df emihermid 
instead of “ spermatozoid " for the male fecanaatixig orijah* of 
most Cryptogam^* and of poUinoids (or poUinides^ tneteUid 
of “spermatla ” for the corresponding o^Ahs tn the Floridese. 

AtFABD W. Bbkhktt. ; 
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Make -believe. 

I CAN well believe in Sally me&ninp a joke. Animals have 
a keen sense of “making believe which i’i the csKence of piay. 

A chikl’s first game is bo-peep— a make- belie ve^ When a pair of 
friendly dogs nave a jolly tussle* they make believe to engige in 
deadly combat. 

A striking instance of this occurred to me some years back. I 
gave a dead mouse to a kitten. It was the hrst lime she had 
seen one, and she sniffed at it inquit-i lively before deciding ort 
tossing it about, A pair of filippers lay on the floor. She 
dropped it into one of them, and ffflfwrdi'flrir/r proceeded to look 
for It most zealously in the other slipper, till I look up the first, 
which contained her Ixjoty ; then she showed timt it was no real 
lack of memory that had sent her on the l>ooile86 Bcarch. 

The Jaw allowed to game, when huntc<} for recreation, is 
perhaps the most marked evidence of the make-believe element 
which is to be fouud in the play of civilized adults. 

Dublin, July j6. Makci-S M. Hartog. j 

Dogs and Fire. | 

An unrecorded type of the pluck of the fox-terrier was demon- ■ 
strated to me recently. A young doj^ two or three years old, 
the property of Mr. Doyle, of Loretto Terrace, Ilray, goes for fire j 
with as much zeal as any of his race go for rats. When a news- ! 
paper thoroughly ablaze is thrown down, he stamps upon it with | 
frequent short rushes till it is extinguished, and then worries | 
the scorched remains before a'iking for a fresh opportunity. IJe j 
gets excited and keen on being shown a crumpled newspaper or | 
a match-box. ! 

The possibility thus shown of educating dog^ to tackle fire I 
gives additional point to my friend Dr. Siger^mn’s published ! 
suj^estion to use dogs as companions to night-watchmen, based I 
on their keenness of scent. Marcus M. IlARTOti, | 

Dublin, July 16. j 

“The Theorem of the Bride.” 

Referring to the last paragraph of the review of my “ Greek 
Geometry from Tliales to Euclid” which appeared in N.ature 
of June 20 (p. 172) it may interest some of your l eivlcts to know 
that since the publication of my book I have found the expres- | 
sion— rb rT}\ vv^pns dt^prji^a — ^in the Scholia on the “ Ele- 
ments of Euclid." See '* EucHdis TCIcmcnta,” .cd. Heiberg, 
vol. V. p. 217, Lipsioc, 1888. 

^ The expression seems to have been a common name of 
EuoUd i. 47. George J. Allman. 

Belaito, Milford, Lymington, July 18. 


RECENT RESEARCHES INTO THE ORIGIN 
AND AGE OF THE HIGHLANDS OF SCOE 
LAND AND THE IVEST OF IRELAND} 

1 . 

records of geological history, like those of the 
^ human race, become more fragmentary and illegible, 
the farther back wc trace them into the past. While the 
younger rocks of the earth’s crust have been made to yield 
a more or less connected story of geographical and biolo- 
gical. evolution, the oldest rocks have idl comparatively 
lately bwn neglected^ or have been tacitly left to mere 
speculation and conjecture. Only within the last few 
years have these ancient formations been seriously and 
sedulously attacked by scientific methods of inquiry. 
Though the progress of investigation has necessarily been 
slow, a steady advance in knowledge can be chronicled. 
There ia a curious fascination in this department of 
^ology. These venerable rocks reveal to us the oldest 
known part- of the outer shell Of our planet. The 
palimpsest of the earth's surface has been written over 
again and again during the long ages of geologfcal history; 
but down among these bottom-rocks we reach the earliest 
recognisable inscriptions, and come as near towards the 
of things as geological evidence by itself is 
lilsery to lead us. These records carry us back to a 

. ^niivr hetuw 4«Uvtrtd at th« Rbyal Ina:Uwkm on June 7 , 


time anterior to that of the oldest fossiliferous formations; 
possibly to an epoch that preceded the appearance of 
vegetable or animal life on the globe. They reveaJ to us 
the very foundations of the earth’s crust, on which all 
other known rocks rest, and out of the waste of which the 
greater part of these rocks has been formed. 

Within the last ten years, after prolonged misconception 
and neglect, the most ancient rocks of the British Isles 
have come to occupy a foremost place among the re- 
searches of the geologists of this country. The tracts 
where they are now exposed to view, often among the 
wildest mountains, or “ placed far amid the melancholy 
main," have become favourite geological hunting-grounds, 
and have furnished a notable amount of materia] for those 
disputes and combats which seem to form a necessary 
element in geological progress. Avoiding, as far as 
possible, matters of controversy, I propose this evening 
to offer a brief outline of the actual state of knowledge, 
up to the present time, of the history of those ancient 
crystalline masses of which our north-western mountains 
aic composed^ The story is a somewhat involved and 
complicated one. But its main points may perhaps be 
conveniently grasped, if we bear in mind that they 
naturally group themselves into four sections; (i) the 
Archiuan period ; (2) the Cambrian period ; (3) the 
Lower Silurian period ; (4) the period of the younger 
Schists, 

Let me at the outset remaik that in the investigation of 
these early ages of geological history we enjoy in this 
country a special advantage. The British 1 isles stand-on 
the oceanic border of a great continental region. They are 
therefore placed along that critical belt where not only 
have terrestrial disturbances been especially numerous and 
violent from the earliest geological times, but where an 
oscillation upward or downward of a few hundred feet 
has sufficed to make all the difference between land and 
sea. Jn the heart of a continent, as, for example, over the 
vast plains of Russia, long cycles of geological time have 
passed without serious disturbance of any kind. To this 
day some of the ancient Pakuozoic sediments in that 
region, for hundreds of square miles in extent, lie as level 
as when they were deposited on the sea-floor. They have 
been uplifted bodily into land, but still remain little more 
than mere hardened mud and sand. In Western Europe, 
on the other hand, where from the remotest geological 
antiquity the oscillations and dislocations have been in- 
numerable, every successive continental uplift has recorded 
itself in some crumbling or fracture of the rocks. Hence 
in the geological map of that region the various fonna- 
tions form a pattern of exceeding complexity, while in the 
maps of Eastern Europe each of them covers a broad 
unbroken expanse. 

I. — TAt’ Archatm Period. 

The oldest known rocks of Europe, now generally 
termed Archsean, are well exposed along the north- 
western borders of the continental area from the extreme 
north of Scandinavia, by the west coast of Scotland, to 
Galway Bay in the west of Ireland, a total distance of 
some 1600 miles. They give rise to topographical features 
which, where fully developed, strongly distinguish them 
from all younger formations. Nowhere else can such ex- 
traordinary unevenness of surface be found. Knobs, 
hummocks, and ridges of bare or almost bare rock, 
separated by narrow gullies or by wider winding valleys, 
roughen the ground in every direction. In the hollows 
lie innumerable tarns and lakes, or flat tract# of bog 
where lakes once were. In some districts, indeed, there 
is as much water as land in a given number of square 
miles. On a large scale, this type of scenery is perhaps 

^ It would b* obv5L)U*ly owt of placA to include here referenctib to the 
voluminou* literature of the iubjeci, A condeneed summary- will be found 
id the Uepent by the officers of tne GooloKical Survey, (Juart. Joatii. Geol. 
S^i voL xUv. , 
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, ilisplayed }h Finland ; on a small scale, It is repeated 
all through the chain of the outer Hebrides^ as well as on 
the Archasan afw of tiut mainland. The most southerly 
^ints in Scotland wh^ it can be recognised are the 
Island of Iona and the Koss of Mull. It reappears, how- 
ever, far to the south in Ireland ; standing out in the bold 
clilfs from Erris Head to Achill Island in the west of 
Mayo, and finally covering an area of more than 500 square 
miles in South-Western Galway* In this last-named 
district, as Prof. Hull has shown, so completely are the 
scenic features of the north-west of Scotland reproduced, 
down even to the minutest details, that the geologist, 
even before he stands on the rocks, has no difficulty in 
deciding that they can only be Archaean. 

What, then, are these most ancient rocks of North- 
Western Europe, and what has been their history ? Un- 
fortunately, the answer to these questions cannot be 
succinctly and definitely given. Owing to the antiquity 
of the masses, and the prolonged series of geological 
revolutions which they have undergone, their original 
characters have been somewhat effaced. In those areas 
where they have been least altered, and where, therefore, 
they approach nearest to their primitive structure, they 
have been found by my colleagues of the Geological Sur- 
vey to be crystalline rocks, such as gabbros, diorites, and 
other highly basic compounds. These occur in zones 
or bosses surrounded by and passing into rocks which 
. have acquired the peculiarly banded structure character- 
istic of gneiss. That these various rocks were eruptive — 
that is, that they originally formed portions of igneous 
material that rose in a molten or plastic condition from 
below— can hardly be doubted. They remind us of the 
deep-seated portions of some of the eruptive bosses so 
abundantly. intruded into the crust of the earth, and now 
so plentifully exposed at the surface after prolonged de- 
nudation. Like these, they show a rudely striped or 
banded arrangement suggestive of the planes of move- 
ment or flow-structure seen in consolidated igneous 
material They have probably resulted from successive 
protrusions of eruptive rocks at some depth within the 
crust of the earth. 

Nowhere, however, in the region to which I am refer- 
ring, has any trace of superficial eruption yet been de- 
tected. There are no true volcanic ejections, nor any 
evidence that the rocks, though certainly of eruptive 
origin, were ever connected with the ordinary explosive 
operations of volcanic vents. Not only so, but after the 
most careful search from Sutherland to Galway not a 
vestige have we yet found of any unquestionable sedi- 
mentary material. There are no conglomerates, no sand- 
stones, no shales ; nor even any materials that might be 
supposed to represent these in a metamoi-phosed con- 
dition. Of the actual surface of the earth these Archajan 
rocks afford no recognizable trace. They obviously did 
not form the superficial layer themselves. They must 
have lain deep under a cover of other material, under 
which they acquired their crystalline structure, and by 
the subsequent removal of which they have been exposed 
to the light. 

One of the most impressive featiu-es of our recent re- 
searches among these rocks is the evidence of the mag- 
nitude of the interval of time between their original 
protrusion and the formation of the next group of rocks 
overlying them. Of the many breaks in the geological 
record, none is more complete than this. We pass at 
one step from Archaean rocks, dating no doubt from an 
early stage in the consolidation of the crust of the planet, 
to the gravelly and sandy deposits of an inland sea, 
which already present all the familiar characters of the 
sedimentary accumulations of later geological time. 

Some of the more prominent events in this protracted 
interval may be more or less clearly discerned ; others 
cart only be dimly conjectured. Arranging in chrono- 
logical order the more important which have lately been 


recognized by the Geologteal Survey. I would direct your 
attention to four main episodes in the Archaean history 
of our North-Western Highlands.^ 

In the first place, the crust of the earth over that region 
was thrown into a series of low arches or folds, the axes 
of which ran in a general north-east and south-west 
direction. Its component rocks were crushed and sheared, 
SO as to acquire the banded and crumpled structure of 
typical gneiss. Perhaps we may trace to these primaeval 
terrestrial movements the first shaping of the European 
continent, which certainly has grown from north to south. 
At all events, it is interesting to note that the undulations 
into which the rocks were thrown took that north-easterly 
trend which is still so marked in the long belt of crystal- 
line schists from the North Cape all the way to the west 
of Ireland. 

In the second place, after these early disturbances, and 
probably long after them, a remarkable scries of mani- 
festations of plutonic energy occurred. The region ex- 
tending from the north-west of Scotland to the west of 
Ireland was convulsed by the production of innumerable 
dislocations in the solid terrestrial crust, having a general 
west-north-west direction. Up these gaping rents, molten 
basic lava rose from some subterranean reservoir, and 
solidified in broad dykes of black basalt. Some of these 
dykes can be traced for ten or twelve miles, till they run 
out to sea at the one end and pass under younger over- 
lying formations at the other. Vet again, at a somewhat 
later period, another series of fissures was opened slightly 
oblique to the direction of the first ; and, in these, still 
more basic lava formed a second series of dykes trending 
nearly cast and ^tst. Nor was this all, for there followed 
a third period of convulsion, which gave birth to a series 
of huge dykes of granite. 

Whether or not any of the eruptive material that filled 
these successive fissures ever rose to the surface and 
flowed out there, or gave rise to the explosive phenomena 
of true volcanic vents, cannot be certainly affirmed. But 
an interesting piece of evidence points to the probability 
that such a connection with the surface was really estab- 
lished. In some of the conglomerates of the next suc- 
ceeding group (Cambrian or Torridon sandstones), there 
occur fragments of highly vesicular lavas, which show 
that at some time previous to the deposit of these coarse 
sediments, active volcanic vents existed somewhere in the 
region of the north-west of Scotland. As yet, however, 
no trace has been discovered of any of the lava streams 
which flowed out at the surface. 

Although volcanic energy has long been quiescent over 
the British Isles, probably no area in Europe exhibits 
within so limited a ^ace so long and varied a record of 
volcanic eruptions. There is, therefore, a peculiar interest 
about these traces of the ancient volcanoes which in 
Archaean time rose along the Atlantic border in the north- 
west of Scotland, for they stand at the very beginning of 
that long history. Moreover, so far as we can interpret 
their remains, they seem in a curious way to have antici- 
pated the characteristics of the last great volcanic episode 
in Britain — that to which we owe the Tertiary basaltic 
plateaux of Antrim and the Inner Hebrides. In both 
cases the distinguishing feature was the Assuring of the 
terrestrial crust and the uprise of basic lava in the rents, 
with the consequent production of innumerable parallel 
dykes trending in a general north-westerly direction. 

In the third place, after the production of the basic 
dykes, there came another prolonged interval, during 
which a series of remarkable, terrestrial disturbances 
affected the north-west of Scotland. The crust of the 
earth in that part of Europe was once more dislocated by 
innumerable fissures, produced probably at successive 
epochs of paroxysm, for they can be grouped into throe 
distinct series. Of these, one runs approximately parallel) 

* Thow who w«h foMer Natalis on Oim «u>iect irtU find them in the Survey 
Report ahrendy quested. 
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with the north-west dykes, the second trends east and 
west, and the third nms north-east and south-west, or 
north and south. So far as yet discovered, no lava of 
any kind welled upwards into these fissures. They are 
ruptures, but not dykes. They were accompanied, how- 
ever, by the manifestation of another form of terrestrial 
ener^, the jj^eological efHcacy of which has only recently 
been recognized. The lines of vertical fracture became 
also lines of horizontal or oblique movement during the 
vast strain of terrestrial contraction. One side was driven 
past the other side, and with such irresistible force that 
the rocks for some distance on either side were dragged 
into the line of movement, crushed down, and forced to 
assume a new crystalline arrangement of their materials. 
The basalt dykes, reduced sometimes from a width of 
50 or 60 yards to only 4 feet or less, were changed into 
diorites, and where the shearing was greatest, into horn- 
blende-schists. The gneiss, in like manner, was thrown 
into sharp folds, and had a newer foliation developed in 
it parallel with the new planes of movement. 

In the fourth place, during the prolonged succession of 
changes* which I have thus briefly summarized, there 
must have been in progress a continuous denudation of 
the surface of the Archjean land in the north-west of 
Europe. Doubtless, each of the subterranean disturb- 
ances more or less affected the surface. The land was 
by degrees ridged up above the sea, and its height and 
breadth were probably from time to time increased by 
local uplifts accompanying the disturbances.. But as soon 
as the land appeared, it began to be attacked by the 
waves, the air, rain, and running water. Terrestrial con- 
vulsions were intermittent, but superficial waste continued 
uninterrupted. Whatever may have been the character 
of its topography, the first formed land, as soon as it ro.se, 
became a prey to the denuding forces, and had its 
original surface gradually stripped off. We have no 
means of telling how great a thickness of material was 
in this manner removed from the land before the time 
of the next geological period, nor for how vast a time this 
slow process of denudation went on. All that we can 
now discover is a series of detached fragments of the 
surface of this primaeval Europe, which have been pre- 
served by being buried under the pile of material formed 
out of the waste of the Archaean rocks. From these frag- 
ments we learn that the rocks had been enormously 
denuded so as to lay bare to the surface some of their 
deep-seated parts, the land shaped out of them having 
been carved into dome-shaped hills and basin-like 
hollows, not very different from those which are so 
characteristic of the Archwan tracts to-day. 

U,— TAe Cambrian Period, 

We now reach the base of the stratified formations of 
the British Isles, and enter upon a series of records which 
deal not with subterranean but with superficial changes, 
and in which the earliest geographical conditions of our 
area are more or less fully chronicled. These records 
consist of a pile of dull-red sandstones, conglomerates, 
ind breccias, with grey, green, and black mudstones, 
marls, and shales, attaining a maximum thickness of per- 
haps 10,000 feet. This great accumulation, chiefly of 
coarse sediment, was derived from the waste of the 
Archaean land. The pebbles in its conglomerates are 
fragments of that land, and enable us to form some 
conjecture as to the nature of the materials that 
composed its surface. An examination of these pebbles 
brings to light the important fact that besides the detritus 
of the gneiss and other ArchoBan rocks which can now be 
seen in situ^ the conglomerates are made up of materials 
4 aivedlTom some still older sedimentary formations which 
4 mve entirely disappeared from our area. These included 
Such rochfl as quartzite, greywacke, shale, and limestone, 
besides abundant pieces from the lavas, which 1 have 
already referred to as having prob^ly been erupted to 


the surface in pre-Cambrian time. The destruction of 
these intervening deposits, and the chance discovery that 
they once existed because fragments of them have been 
found in later conglomerates, serve to impress upon 
us the imperfection of the geological record, and the 
vastness of the intervals of time which may sometimes 
separate two successive groups of rock. 

The thick mass of red sandstone and conglomerate 
which rests directly on the Archaean gneiss forms some 
of the most singular scenery in the north-west of Scot- 
land. Owing to vast denudation, which began before 
the next group of strata was deposited, it has been worn 
down into isolated mountains, which rise like a chain of 
colossal pyramids along the western shores of Sutherland 
and Ross. The almost level lines of stratification give 
to these eminences a look of architectural symmetry, in 
striking contrast with the more tumultuous aspect of the 
other rocks of the region, while their red tone of colour 
marks them out boldly from the wastes of grey gneiss 
below and the crags of white quartzite beyond. From 
the far northern cliffs of Sutherland these massive red 
sandstones can be followed almost continuously to the 
southern headlands of Skye. They reappear in great 
force in the Island of Rum, beyond which they are not 
certainly traceable, A group of highly altered grits and 
schists, seen under the great basaltic plateau of Gribun, 
on the west side of the Island of Mull, may mark their 
extreme southerly limits.^ The red sandstones certainly 
do not come so far south as Iona, and not a trace of 
them has been met with in Ireland. They extend west- 
wards across the Minch, for a small portion of them 
skirts the eastern shore of the Long Island. How far 
they may have stretched eastward cannot now be deter- 
mined, for their limits in that direction have been 
obscured or effaced by the extraordinary series of 
gigantic earth-movements to be afterwards referred to. 
There can be little doubt, however, that they did not 
reach the district cast of the line of the Great Glen, though 
they not improbably lay in thick mass over much of the 
country to the west of that valley. 

We cannot now trace the original limits of these red 
rocks, yet we can hardly doubt that they never covered 
an area at all comparable in extent to that of the rocks 
below and above them. They appear, indeed, to have 
been accumulated in one or more basins, shut oft' from 
free communication with the open sea, where the deposition 
of ferruginous precipitates among the ordinary mechanical 
sediment could go on during the deposition of many 
thousand feet of rock. Such conditions of sedimentation 
were not very favourable to the existence of life in the 
waters of these inclosed basins. Nevertheless, that the 
waters were not entirely lifeless is shown by the discovery 
of organic remains on two widely separated horizons 
among the sandstones. These remains occur in grey 
and dark shales, the colour and composition of which 
suggest a temporary influx of water from without, and 
the cessation for a time of the deposition of the iron- 
oxide. At the lower horizon the fossils consist of cal- 
careous rods, the organic grade of which is still in dispute ; 
at the higher they include some doubtful impressions and 
the casts of worms. The fossiliferous bands are to be 
more thoroughly searched this summer, and it is hoped 
that something more determinable may be obtained from 
them. 

Nevertheless, indistinct though these relics undoubtedly 
arc, they may claim the interest which arises from their 
being at present the very oldest traces of organized 
existence yet found within our islands. Murchison 
classed the red sandstones of Western Sutherland and 
Koss as Cambrian," inasmuch as he found them to 

' My attbntlan was chilled to these rocks by the Duke of Argyll, who 
himself suggested (heir possible Cambrian Z visited them this spring, 

and found inem to be greatly meramorphosed. They do not apMar in Iona, 
where the base of the sedimentary series is found resting on the Arohman 
gAdas. 
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underlie unconfonnably strata containing what he be- 
lieved to be Lower Silurian fossils. It is not improbable, 
however, that they belong to ah older time than any of 
the Cambrian rocks of Wales. 

That the red sandstones of the north-west of Scotland 
were laid down in shallow water seems to be clearly 
indicated by their current-bedding and ripple- marks, as 
well as by the occurrence of bands of conglomerate 
among them on many successive horizons. Yet they 
retain these characters throughout a depth of some 
10,000 feet. We can walk over their edges and count 
every successive stratum for a thickness of more than 
3000 feet along the sides of a single mountain. How, 
then, could such a continuous mass of shallow- water 
deposits be accumulated ? I am not sure that any wholly 
satisfactory answer can be given to this question, which 
is one that arises in the investigation of various epochs of 
geological history. That the basins must have been due 
to local subsidence can hardly be doubted. We may 
suppose that this downward movement continued at the 
same time that the ridges which bounded the hollows 
continued to be forced upward. New shore-lines would 
thus be brought to the level of the water, and coarse 
shingle might be swept down upon previously deposited 
fine sediment. If occasionally the barrier between the 
basins and the open sea were partially submerged, the 
muddy ferruginous water of the inclosed tracts might be 
cleared out, and the denizens of the sea might for a time 
enter them. Possibly the grey and dark shales may 
ma;k these irruptions of the ocean. 

That similar conditions of geography prevailed at that 
eriod in the extreme north-west of Europe is indicated 
y the fact that in Norway a group of red sandstones and 
conglomerates, known as the sparagmite rocks, is 
interposed between the Archsean gneiss and the oldest 
of the fossiliferous formations. In these Scandinavian 
rocks we probably see traces of the extension of similar 
inclosed water- basins along the eastern border of the 
primjeval Atlantic Ocean northwards among the hollows 
of the Archican land. 

Before the next great geological period these basins 
had been entirely effaced, and the geography of the 
region had wholly changed. This transformation is 
probably traceable to two causes. First, the terrestrial 
movements which led to the formation and continuance 
of the basins may in the end have caused their extinction 
by raising them into land, and possibly at the same time 
by folding and fissuring their accumulated deposits. 
Secondly, as soon as these deposits, whether split open 
or not, were exposed to the atmosphere they would begin 
to be worn down. That erosion took place during a 
prolonged period, and to a vast extent, is shown by the 
fact that in some places the thick cake of sandstone was 
hollowed out down to the Archaean platform below it 
before the next succeeding formations were deposited. 
Here again we are presented with a striking example of 
the imperfection of the geological record. 

( To be Continued.) 


THE PRIVA TE LABOR A TOR Y OF MARINE 
ZOOLOGY AT RAPALLO. 

^HIS very modest zoological station does not in the 
^ least pretend to compete with the splendid ones of 
Naples, Plymouth, Roscoff, ^Janyuls, &c. Considerable 
sums are needed to build and keep up such establish- 
ments, so that their numbers will necessarily be ad ways 
very limited, 

We have thought that with relatively little expense it 
might be possible for zoologists to procure in great part 
the advantages that th^se larger stations offer, and to 
concur in their action, by estamishing a certaia number 
of small stations on favourable spots of the Italian coast. 


Our idea is to have dependencies of the zoological 
laboratories of the nearest Universities, almost as if parts 
of those laboratories were transported to the sea-snore. 
The cost of these stations would not be very great. 
All that is strictly necessary is a room with good light, 
and as near as possible to the sea, provided with small 
aquariums, with the usual pump, with fishing apparatus, 
and the ordinary furniture of every laboratory, except 
microscopes and other costly instruments, which every 
investigator would bring with him. The books also 
might be reduced to the treatises and the “ Faunae” ordi- 
narily used. It is indispensable that the station should 
possess at least one boat for short excursions : for deep 
dredging, and for longer excursions that are less often 
made, the necessary vessels could be hired. 

By these modest means notable results might be 
obtained. Almost all anatomical and histological re- 
searches would be possible, the inejuirer either making 
them entirely on the spot, or limiting his work to the 
first observations that ought to be made on specimens 
freshly caught, and preparing the materials for later and 
more leisurely study. 

Stations of this sort already exist abroad, such as the 
laboratory of marine zoology of Wimereux, the Nether- 
lands movable station, the station of Misaki in 
Japan, &c. 

In Italy, Prof. Kleinenberg proposed to found a station 
of this kind at Messina, but of greater proportions, 
hoping that it might serve principally as a school for 
beginners ; but unfortunately his idea has not yet been 
realized. Neither has anything come of the project of 
Count Alessandro Ninni to establish a station at Venice 
that might serve at the same time for purely scientific 
researches, and for practical studies on the industrial 
cultivation of sea animals. 

Convinced of the utility of small stations, wc have 
made an experiment in forming on|5 which we will now 
describe. 

Unwilling to go too far from Turin, we have chosen 
the little town of Rapallo on the Eastern Riviera, near 
('ronoa. It is situated at the end of the gulf of the same 
name, is one hour’s distance by boat from Portofino, 
that marks the extremity of the gulf towards Genoa. 
The Gulf of Rapallo is pretty well sheltered from the 
winds ; the shores are rather rocky, and vegetable and 
animal life is very various and abundant It also pre- 
sents notable variations of depth. From Rapallo to the 
extremity of the gulf, a distance of 4 kilometres, the depth 
gradually reaches^ metres, and at a like distance in the 
open sea of Portofino, the depth is more than 400 metres. 
The movement in the haven is limited, and hence the 
waters even near the town arc clear. As to the town, it 
is beautifully situated, and the neighbouring ptaces are 
various and very pleasant. It is also a veiy quiet town^ 
where the ^eaicst liberty can be enjoyed. 

Our station occupies a space of a hundred square 
metres, and it is placed a few metres from the sea, on the 
^ound where the docks formerly stood. In this space, 
inclosed by a wooden palisade, is the little building 
which looks like a eba/etf the lower part in brick-worl^ 
with wooden walls and a roof covered with zitK. The 
edifice consists of only one large room, 7 metres in length, 
and 4' 50 in width (inside). The height up to the wooden 
ceiling, that is uiuler the roof, is about 4 metres. One 
of the longer walls is turned to the north. A window, 
consisting of nine la^e divisions, runs the whole len^h of 
this wall ; and against this wall is placed the womin£[« 
table, which also occ^ies the w^le length ; at 1% 
six persons can work. The door is on the shorter side 
that looks on the sea; over the door is placed the 
reservoir of sea-water capable of containing more thatt 
800 litres; it is filled by a smaU rotatory pump* Bjy 
means'of pipes the water is brought from this 
into the aquariums that are jdaced in the middle of the 
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foom on an iron support of two stories, provided with the 
necessary dischar^pipes to carry off the water that has 
circulated in the a^^uariums. Ap^ainst the shortest wall, 
opposite that in which the door is placed, there is a table 
covered with porcelain for chemical manipulations. Above 
this table there is a reservoir of fresh water. In the 
middle of the room, behind the support of the aquariums, 
are two tables covered with marble. Against the wall 
opposite the window are the shelves for the instruments 
and for the collections. One comer is set apart for the 
principal fishing implements. 

The station has a boat, the Bonellia, that serves for 
short excursions, and for researches in shallow water. 
The fishing implements consist principally of trawl- 
nets for the depth, nets for surface hshing, apparatus 
for extracting masses from the bottom, sieves, nets, 
harpoons, &c. These implements have been made ex- 
pressly at Naples, under the supervision of Dr. Paolo 
Mayer, of the Zoological Station. 

The station is also provided with numerous aquariums 
for study, and with the necessary chemical apparatus. 
The library is limited to the more common and useful 
treatises, and to a certain number of memoirs concerning 
the marine fauna. 

Wc hope that even by these simple means it will be 
possible to obtain satisfactory results. Many important 
works on marine zoology have been produced far away 
from zoological stations under less favourable conditions 
than those of our little station. 

L. Camerano. 

M. G. Peracca. 

Zoological Museum, Turin. D. Rosa. 


IVEISAfANN ON THE INHERITANCE OF 
HNJURIES,^ 

TN an address to the Naturforscher-Versammlung at 
Cologne, last autumn (now published in a compact 
pamphlet of fifty-two pages), Dr, Weismann examined 
the evidence for the inheritance of injuries. In earlier 
works he has shown that the facts of organic evolu- 
tion can be explained without the hypothesis of the 
inheritance of acquired characters, and his theory of the 
germ-plasma as the basis of heredity is hardly .com- 
patible with the traditional and lamarckian view. The 
supporters of the old view have laid great stress upon 
the transmission of the effects of injuries. A great many 
of the cases relied on rest on merely anecdotal evidence, 
and Weismann examines and dismisses many types 
of them. Such, for instance, is the case adduced by Ur. 
Zacharias, and quoted by Eimcr, of a tailless cat which 
produced tailless kittens. Nothing whatever of how the 
mother lost her tail is known, and nothing is known of 
the father. Tailless kittens appearing suddenly in vil- 
lages have been traced, more than once, to an imported 
male of one of the many tailless breeds. In any par- 
UcuUr case, it is as logical to refer the appearance of 
taiUess kittens to a hypothetical mutilation of the mother, 
as it would be to deduce from the many* toed Oxford cats 
that Mr. Poulton had fixed additional toes on the paws 
of their ancestor ! 

Weismann made an elaborate scries of experiments on 
mutilation. On October 17, 1887, he had the tails re- 
moved from seven female and five male white mice. On 
November 16 the first brood appeared. These, and all 
subsequent broods, were removed from the cage. Up to 
December 17, 1888, 333 young were born, and in none 
of them was there any sign of the mutilation being in- 

'Utte die Hvpoth*w dwer VArwbww vofl VerUft«nf»n.** V.m Dr. 

W^knmno, Pro$u4or in f rciln^ra (J«o« : Gust*v Fiiclier, 


herited. In cage 2, fifteen young, of December 2, 1887^ 
were placed, their tails having been removed. These, up 
to December 17, i888, produced 233 young, all with 
normal tails. In cage 3, fourteen young of the second 
generation, with tails removed, were placed ; and up to 
December 17, 1888, they produced 141 young, all quite 
normal. The experiment was carried, with a negative 
result, down through five generations of mutilated ani- 
mals. The length of tail of new-born mice varies from 
10*5 millimetres to 12 millimetres. In the series of 
I experiments, 849 young were produced by mutilated pro- 
• genitors, and in no case was a mouse produced with its 
tail less than 10*5 millimetres. 

' The author points out that, while it might be said that 
1 experiments through a far greater number of generations 
' were reeded, the so-called cases of inheritance of mutila- 
I tion all imply that the mutilation is impressed on the 
I immediately following generations. A mother breaks 
her finger, and her daughter has the joint of the corre- 
sponding finger imperfect. A cow has her horn torn off, 
and, in due course’, gives birth to a one-horned calf. 

Moreover, there are many cases of mutilfltions which 
have been made for hundreds of years without result. 
P*or instance, Settegast shows that all the crows but the 
rook have bristly feathers on their beaks. Rooks, too, 

■ have these feathers while nestlings ; but, later on, they 
lose them by perpetually pushing the beak into the 
ground in search of food. 

There are a great many cases which at first sight ap- 
pear to prove the inheritance of injuries. As an example 
of how easy it is to be deceived, Weismann relates that 
a friend had a vertical scar (with comb-like stria’) on the 
I left ear, the result of a sword-wound. On the left ear ot 
! this gentleman^s daughter was a curiously similar mark- 
! ing. But it was ultimately noticed that on the right ear 
j of the father was an appearance precisely similar to that 
j on the left ear of the daughter. On closer examination 
! of the father’s left ear there was seen, under the scar, a 
linear streak, from which the stria:* ran, forming a comb- 
like structure. It was this, doubtless a congenital varia- 
tion, and not the accidental scar, that the daughter had 
inherited. 

It is impossible to give, by extracts, an adequate con- 
ception of Dr. Weismann’s ingenious analysis and mas- 
terly collation of evidence. There is enough in it to 
satisfy the most conservative of biologists (at least with- 
out a theory) that the transmission of iniuries must be 
handed for ever lo the “ scientific novelist ” and the jaded 
raelodramatist. With them it may flourish, and rescue 
many a doubtful heir, and secure the happiness of many 
a heroine in the third volume, or before the curtain falls. 

It is not so cert?nn that all will admit Weismann’s con- 
tention that the demolition of the inheritance of injuries 
furnishes strong presumptive evidence that ac(iuired cha- 
j racters are not inherited. It might well be urged that 
j there is a great distinction between characters which are 
1 obviously not useful (such as injuries) and useful charac- 
I ters. It is clear that if acquired characters are inheiilcd 
■ it would be of the highest utility if the inheritance were 
I selective. The tiny piece of ancestral germ-plasma in- 
! creases exceedingly during the ontogeny. Has the dis- 
tinction between germ-plasma and somatic plasma passed 
sufficiently out of the region of theory to let us infer, 
from the non -reflect ion of iniuries during the process of 
growth, that all acquired characters are not reflected ? 
Can we hoW that, were acquired characters reflected, 
injuries too must be reflected ? It is a question, on the 
one hand, of the nice adjustment of fine probabilities ; 
on the other, of elaborate, long-continued, and specially 
directed observation. But, whatever is the final answer 
of science, this cssBy will be not the least of the author’s 
roitny valuable contributions to it. 

P. C. M. 
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COAL AND TIN DISCOVERIES IN WESTERN 
, AUSTRALIA. 

V|R. HARRY P. WOODWARD, Government Geo- 
logist for Western Australia, sends, under date 
May 28, 1889, some interesting particulars of both coal 
and tin discoveries in that colony. He writes : — 

“ From Vasse I made for the Lower Blackwood River 
Bridge, over the foot of the Darling Range, and so on to 
the Donelly River. On the south coast, where a small 
stream flows out, called the Fly Brook, coal has been 
found of a very good quality, but there is no port nearer 
than Albany or Vasse, and this latter is not a good one. 
There seems to be a line of coal- bearing country between 
the coast -range, which runs north and south from Cape 
Leeuwin to Cape Naturalist, and the main highlands, the 
southern continuation of the Darling Range ; much of it 
covered with sand and swamps at the surmce, but under 
which I believe we shall find coal-measures which may, 
in fact, extend west beneath Perth to the Irwin River, but 
this can only be tested by deep borings. 

“ There was nothing to be seen of the coal or rocks, as 
they are boring with a * jumping-drill,* which reduces 
everything to mud, but there is one 5-foot seam and 
several smaller, averaging 17 feet of coal in 200 feet of 
rock. There arc two or three outcrops in the bed of the 
Creek of a much weathered but good coal, some of which 
is highly bituminous. From Bridgetown I went to Albany, • 
and thence east 200 miles to the Phillip River, and saw 
the Fitzgerald Coal-field. This is only brown coal or 
lignite of no value, but there is some good-looking gold- 
bearing country near it.” 

Tin-Ore. — In reference to the tin discoveries, Mr. H. 
P. Woodward writes : — 

** From Bunbury I went towards the Upper Blackwood, 
to a place called Bridgetown, where tin has been found. 
Little work has been done yet, but, as far as I am able to 
judge, it seems to indicate the biggest thing of the kind 
that has ever been found. One shaft, 18 feet deep, will 
wash all the way down at about 4 or 5 pounds to the pan, 
and they have not got to the bottom of it yet. The 
richest works in other colonies are rarely more than 2 or 
3 feet deep. Tin has been found at the surface, in the 
sand, over an area of about 100 sauare miles, but no 
sinking, except the one shaft, has yet been made ; and as 
the surface is covered, either with sand or clay-ironstone, 
the formation cannot be seen at all. The late Mr. 
Edward T. Hardman suggested that tin would be found 
here. The shaft shows a few inches of soil or alluvium 
with gravel containing tin, where it was first found, 
resting on hard masses of clayey ferruginous sandstone, 
about I foot thick, then coarse quartz-grit with stream-tin 
and tourmalines and a few ‘colours* of gold. 17 feet 
not gone through yet, as there was too much water, 
about i in weight being tin-ore.** H. W. 


NOTES, 

The Committee appointed to consider the basis upon which 
the grant of ;£‘i5,ooo a year for University Colleges in Britain 
should be distributed have recommended that the grant should 
be divided as follows : — To Owens College, Manchester, 
£idoo ; to University College and King’s College, London, 
;£i 70O each; to Liverpool University College, 1 to 

Mason College, Birmingham, the Yorkshire College, l^eds, 
and Nottingham University College, ;^i400 each; to Bristol 
University College, the Durham College of Science, Newcastle- 
on-Tyne, and Firth College, Sheffield, £1200 each. The 
Committee are of opinion that University College, Dundee, 
should be dealt with in connection with the Scottish Universities, 
and especially with the University of St. Andrews ; but they 
recommend that it should for the present year have a grant of 
£500. 


A testimonial is to be presented to Prof. Kennedy by hia 
former students on the occasion of his resignation of the Chair 
of Mechanical Engineering at University College, I.ondoii* 
A committee has been, appointed to receive subscriptk> 08 f end 
no doubt many persons' will be glad to have this opportunity of 
I expressing gratitude for the profit they have derived from Prof. 
Kennedy’s instructions. The Choir from which he is retiring he 
has held during the last fifteen years. 

In answer to a question put by Mr. Acland in the House of 
Commons on Monday, Mr. W. 11 . Smith said the Government 
were aware of the great interest taken by the country in technlcof 
education, and the pressing importance of dealing with it. They 
had been engaged during the previous few days in endeavouring 
to find some solution of the difficulty which surrounds the ques- 
tion in regard to elementary schools, but, he regretted to say, 
without success. The Government therefore proposed to in- 
troduce at once a measure dealing with the higher branch of the- 
subject. 

At a general meeting of Welsh members, held at the 
House of Commons on Tuesday, for the purpose of conferring 
with Sir W. Hart-Dyke on the Intermediate Education (Wales) 
Bill, the Vice-President of the Council announced that, pro- 
vided all the amendments on the paper were withdrawn, the 
Government were willing to accept an arrangement whereby the 
Education Council to be constituted under the Bill should consist 
of five members — three to be nominated by the County Councils, 
and two by the Education Department. Were the meeting to- 
agree to this, then the Government would use their best efforts^ 
to pass the measure into law i)efore the end of the session. The 
proposal thus made was debated at some length, and was finally 
adopted. 

The half.yearly general meeting of the Scottish Meteoro- 
logical Society was held yesterday in Edinburgh, llic Council 
of the Society presented its report, and the following papers- 
were read Proposed Investigation of the Numbers of Dust 
Particles in the Air at the Ben Nevis Observatory," by Prof. 
Tait ; “ The Distribution of Temperature over the Globe,” by 
Dr. Buchan. 

At the last meeting, 'this session, of the Royal Society of 
Edinburgh, the Chairman, Prof. Chrystal, in closing the busi- 
ness, said that, during the period, 86 papers had been read, of 
which 21 had been in the department of natural philosophy, 16 
in mathematics, 7 in chemistry, 2 in geology, 6 in zoology, 6 la 
botany, 23 in physiology, 2 in astronomy, and 3 in meteorology. 
A good number of these papers bad come from the newly- 
instituted laboratory in the College of Physicians, and he con- 
gratulated that body on the public spirit manifested in the 
opening of the laboratory, and on the excellent results that 
followed. Eighteen new members had been added to the roll, 
the average in the three previous years having been 36 ; and 7 
ordinary and 2 honorary members had been lost by death. 

The floral fHc of the Rpyal Botanic Society, held on the 
15th inst., to celebrate the jubilee, is a fitting occasion to recall 
the memoiy of the founder, Mr. Philip Barnes, who originated 
the idea, and planned and carried into execution the installation 
of the Society. ' The faculty of creation is not given to evciy- 
one. Due honour should therefore be given to those who, 
endowed with it, use it for the interest of science and the public 
good. 

At the Congress of Physiological Psychology, to be held in 
Paris (August 5-10) the following subj^ will be discussed t 
muscular sense ; r^U of movements in formation of images ; is 
the attention always determined by afiecHns states? ; statistical 
study of hallucinations ; the appetites in idiots and imbedlei p 
are there in insane persons motor impulaions independent o 
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iawgn and Ideas ? ; psychical poisons ; heredity ; heredity of 
fmotional phenomena and their expression ; heredity of 
peculiarities in the perception of colours ; heredity of special 
memories and of special aptitudes (technical* artistic* scientific) ; 
psychological analysis of some genealogical tables ; hypnotism ; 
causes of errors in observation of phenomena of hypnotic 
suggestion ; normal and hypnotic sleep ; motor power of images 
in hypnotised subjects, and unconscious movements (automatic 
writing, &c.) ; doubling of personality in hypnotism and mental 
alienation ; phenomena of tiunsfer ; precise terminology in 
questions of hypnotism. (Communications to M. Richet, 15 
Rue de TUniversittf, Paris.) 

The Leaf-insect of the Seychelles lately living in the Zoolo- 
gical Society’s Insect House, which we figured in our issue of 
May 30 (p. 105), has unfortunately died, before attaining complete 
development. But specimens of two other scarce Orthopterous 
insects have lately been added to the collection. Many examples 
of one of the curious Stick-insect {Diapheniora femorata) of 
North America have lately been hatched from eggs received 
from Mr, Williams, of Toronto. The young insects are feeding 
well on the leaves of the common hazel and gross, and some of 
them have already attained a considerable size, while others are 
still emerging from the ova. Besides these, two examples of a 
very singularly shaped form of Mantidx* from South Africa 
{Harpax oullaia) have just l)ecn received from Colonel J. H. 
Bowker, of Durban, and appear likely to do well. A third 
object of considerable interest, lately lodged In the Insect 
House, is a fine example of the Cocoa-nut Crab of the East 
Indies {Sir^^us ^a(ro)^ presented by Commander Alfred Carpenter, 
K.K. This is a terrestrial Crustacean of peculiar structure, 
which subsists entirely upon vegetable food, and is said to be 
able to open cocoa-nuts. Darwin has given an interesting 
account of its habits in his “ Naturalist's Voyage,” and Prof. 
Moseley met with it in one of the Philippine Islands during the 
voyage of the Chaiimger, The Zoological Society’s example 
appears to prefer bananas to other food, but has also eaten some 
lettuce. 

M. Deschamps, a French zoologist, has, says the Cryhn \ 
Ohen^cr, arrived at Colombo from Singapore. He has been 
sent out by the French Government to study the zoological 
features of the Laccadive Islands, but as it is almost impossible 
to reach them during the south-west monsoon, he will spend two 
or three months in Ceylon, during which time he hopes to pur-sue 
his researches in various parts of the island. About October he 
will make his way to the Malabar Coast, and from thence to 
the Laccadive Islands. 

The Government Geologist of New South Wales has pre- 
pared a map showing the areas within which artesian water- 
supplies may be bored for with good prospects of success. 
Water-bearing formations extend for 60,000 square miles in the 
arid parts of the colony, where permanent supplies are most 
need^ ; and the system of artesian wells is being widely adopted 
throughout Australia with the most satisfactory results. Large 
tracts of good pastoral country, which have hitherto been 
totally valueless through the want of a regular water-supply 
all the year round, are now capable of supporting docks and 
herds. 

The Audubon Monument Committee of the New York 
AOodemy of Sciences complain that os yet comparatively few 
members of the Academy have given anything towards the erec- 
tion of the proposed monument to Audubon. The considerable 
sum already received has come mainly from others. The plans 
accepted by the Committee will require from 96000 to 9i<Sooo 
for their execution. Up to the present time, about 9900 has 
been received. The Committee have issued a portrait of 
Audubmij^ suitable for framings a copy of whirii will be sent to 


everyone who contributes to the fund to the amount of a dollar 
or more. 

According to an official notification of the trustees of the 
**SchweBtem Frbhlich Silftung” at Vienna, certain donations 
and pensions will be granted from the funds of this charity' 
this year in accordance with the will of the testatrix, Miss Anna 
Frbhlich, to persons distinguished in any branch of science, art,, 
or literature who may be in want of pecuniary support through 
accident, illness, or infirmity consequent upon old age. The 
grant of such temporary or permanent assistance in the form of 
donations or pensions is, according to the terms of the foundation 
deed, primarily intended for Austrian artists, literary men, and 
men of science, but foreigners of every nationality may benefit 
by the fund provided they are resident in Austria, Austrian 
subjects residing in England, who may desire to make application 
for a grant, can obtain all necessary information at the Austro- 
Hungarian Embassy in London. 

According to a telegram from New York, dated July 20, 
there had been slight shocks of earthquake at Memphis and in 
the vicinity. 

The Pilot Chart of the North Atlantic Ocean for July shows 
that two well-defined depressions moved up along the American 
coast during June. One originated over the Bahamas, on the 
ist, whence it moved about north-north-east, accompanied by 
moderate gales, and disappeared in New England on the Sth. 
The other was a typical West India hurricane in every respect 
except violence ; it first appeared south-west of Jamaica on the 
14th. Heavy rainfall accompanied the passage of the storm, 
and caused great damage in Cuba, and on the 20th the depression 
seems to have united in Catiada with another from the Lake 
region, and the combined storm moved east -non h -east over 
Labrador, and out to sea. Much fog was encountered during 
the month, and many icebergs were reported between the 40th 
and 5oih meridians, and as far south as 42® 54' N. , showing a 
marked southerly drift. The fact that the fog-l>elt is apt to 
overlap the iceberg region at this season makes navigation 
dangerous over the Transatlantic lines. One of the wrecks has 
an interesting history. The Italian barque Perrotta^ 

abandoned on September i8, 1887, began her remarkable drift 
in about lat. 36'* N., long. 54® W., and when last reported, on, 
April 4, 1889, was about sixty miles north of Walling’s Island, 
in the Bahamas, having made a distance of about 1400 miles in 
a south-west by west direction in little more than a year and a 
half. 

At the meeting of the Idnncan Society of New South Wales, 
on May 29, Mr, C. T. Mussou exhibited the leg of a pigeon to 
which a ball of earth, weighing, when dry, 9 grains, was found 
adhering. It would be hard to find a more striking illustration- 
of the way in which birds maybe the means of dispersing seeds. 
Mr. Musson also recorded a case in which a land snail ( VUrina 
sp.) was found adhering to the elytron of a beetle, whereby its 
migration beyond its normal habitat was to a limited extent 
rendered possible. 

Is an article on '* Blindness and the Blind,” in the current 
number of the Journal of the Franklin Institute, Dr. Webster 
Fox refers, among other things, to the need for care being exer- 
cised with regard to the eyes of young children, The eyes are 
more sensitive to light in childhood than in adult life, yet a mother 
or nurse will often expose the eyes of an infant to the glare of 
the sun for hours at a lime. Dr. Webster Fox holds that serious 
evils may spring from this, and he even contends that “ the 
greater number of the blind lose their sight from carelessness 
during infancy. ” From the point of view of an oculist, he pro- 
tests against the notion that children should begin to study at a 
very early age. He thinks that until they are between seven and- 
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-nine years old the eye is not strong enough for school work* 
When they do begin to learn lessons, they should have good 
light during their study hours, and should not be allowed to 
•study much by artifi^kl light before the age of ten. Books 
•printed in small type should never be allowed in school-rooms, 
much less be read by insuBicient light,” 

In the new volume of the Transactions and Proceedings of 
the New i^ealand Institute there is an instructive paper by Mr. 
A. Relschek on the wandering albatross {Diomtdca extdamY 
Towards the end of January 1888, he had an opportunity of 
watchjng this bird closely among the hills of one of the 
Auckland Islands. Starting in search of some specimens, he 
was lucky enough, after a good deal of climbing, to come to a 
slope where a colony of albatrosses had established a breeding- 
place. The birds were scattered about among the tussock- grass, 
silling on their nests, and from their white plumage could be 
easily disiinguishcd from the vegetation at a great distance. Mr. 
Reischek found that their nests are always placed on sloping 
ground, and always on the most exposed side of the hill. The 
nests are composed of earth and grass cemented together, and 
are built in the form of a cone. They are usually about 2 feet 
in diameter and about 18 inches high. Outside they arc sur> 
rounded by a shallow drain, intended to carry off the surface- 
water. Within is placed a single egg. This is white, with a 
few brown spots on the broad end, and measures about 5*5 inches 
in length by 3*1 inches broad. In most cases he found the female 
•on the nest, the male bird standing dose to her, and occasionally 
feeding her. Sometimes the male relieved the female, but they 
never both leave the nest until the young one is able to defend 
itself against the skua gull, a rapacious bird which devours every 
-egg or nestling left unprotected. When Mr. Reischek ap- 
proached an albatross's nest, the bird seldom left it, but set 
up a croaking noise, clapping its mandibles together and biting 
at the intruder, If it was turned off, and the egg taken, it re- 
turned and sat on the nest as before. The eggs were quite fresh 
on January 25, and good for eating when frier!. 

A VOCABITT.ARY of physical terms, styled ** Rulsurigaku Jut- 
sugo Jisho,” has been issued in Japan. It gives the authori- 
tative Japan eiw equivalents pf an important group of Western 
scientihe terms. In all, thirty-six Japanese gentlemen have 
been engaged in its preparation for the past six years. The 
Mathematical and Physical Society of Japan bears the expense 
of publication. The book consists of four parts arranged 
^Iphabeticnlly under the four languages, Japanese, English, 
French, and German, each part extending over ninety octavo 
pages, and each page comprising from twenty to twenty-five 
distinct terms expressed in the four languages. This work, on 
which so much labour has been expended, can be purchased 
for the moderate sum of a dollar and a half, 

Messrs. Macmillan and Co, have issued a “ Syllabus of 
Modern Plane Geometry,” by the A. l.G.T. The first few sections 
deal with harmonic ranges and pencils, the properties of the 
triangle, and properties of the complete quadrilateral and 
quadrangle; sections v., vi,, and vii., with the properties of 
•circles and geometdeal maxima and minima ; sections viii. and 
ix., with cross ratios, involution, and reciprocal polars and 
l>rojection. The various subjects are treated concisely, and the 
work will be very useful to students. 

» 

** Hami^tead Hill,” a work on the natural history, &o„ of 
Hampstead, will shortly be published by Messrs. Roper and 
Drowloy. The contributors to the various sections include Prof. 
J. L. Lobley, H. T. Wharton, Rev. Dr. Walker, and J. E. 
iHarting. The book will be illustrated by engravings of local 
■scenery. 


The second part of Charles Fal>re’s treatise on photography 
has just been published (Gauthier-Villars, Paris). The sul^ect 
of lenses is continued in great detail, and it It, not too mneb to say 
that a more complete account has never been written. Dia- 
phragms and instantaneous shutters arc begun in ibis past. The 
illustrations are excellent. 

The Royal Physical Society of Edinburgh has issued its Pro- 
ceedings during the session 1887- 88, The volume includes, 
besides an opening address, by Prof. Duns, Vicf- President, the 
following papers : — An ornithological visit to the Ascrib Islands, 
Loch Snirort, Skye, by John Swinburne ; on the structure of the 
Graafian Follicle in Didelpkysy by Frank E. Beddatd *, notes on 
Carl;«>niferoiis Seiackiii, by Dr. R. H. Traquair, F. R.S. ; further 
notes on Carboniferous Sdachii^ by Dr. R. H- Traquair, F.R.S, ; 
notes on a vUit to Fernando Noronha (with plate), by George 
Ramage ; on a new Eurypterid from the Upper Coal-measures of 
Uadslock, Somersetshire (with plate), by B. N. Peach ; synthetic 
summary of the influence of the environment upon the organism, 
by J. Arthur Thomson ; on the prevalence of Eurypterid remains 
in the Carboniferous shales of Scotland, by James Bennie; on 
the fructification of two Coal-measure ferns (with plate), by Robert 
Kidston ; on the fructification and affinities of ArchtopterU kibtr- 
Hira, Forbes, sp,, by Robert Kidston ; notes on the equipment 
of the Research Laboratory of the Royal College of rhysician**, 
Edinburgh, by Dr. G. Sims Woodhead ; the summer birds of 
Shetland, with notes on their distribution, nesting, and numbers, 
by Harold Raeburn. 

The July number of the Board of TrcuU describes, 

from certain Austrian technical periodicals, the condition of 
pharmacy in Bulgaria, Most of the departmental capitals, 
towns of 9000 to 10,000 inhabitants, but including very often 
an administrative area of 60,000 to 70,cx:o inhabitants, have 
only one pharmacy each. These pharmacies might be supposed 
to do a splendid trade, and they would do so but for the fact 
that the illegal exercise of the crafl, in spile of the stringency 
of the laws which are intended to protect the legitimate pro- 
fessors of the art, is almost openly practised throughout the 
country by itinerant hawkfers, quacks, and priests. The estab- 
lishment of pharmacies is only allowed by special concession, 
and they arc subject to a Sanitary Council at Sophia composed 
of several members, including a chemist and a veterinary surgeon. 
Nominally there should be a pharmac)^ for every 8000 inhabit- 
ants, Every Bnignrinn citizen who has passed the necessary 
examination is entitled to compete for a concession, but foreigners 
arc only allowed to do st when they can show that they have 
been qualified in their own country, and after having passed a 
formal examination in Bulgaria. At least twice a year every 
pharmacy is officially inspected by the authorities, and Buhjccte<i 
to a close examination, which also extends to the books, as there 
is an official scale of charges for prescriptions which may not be 
exceeded. The original of every prescription is kept by the 
pharmacist, who gives his customer a copy stamped with his 
name, and bearing the price charged* which price is also in- 
scribed upon the original, and the same number given to both. 
At present the Rusnian Pharmacopoeia is used in Bulgaria, but a 
native one is in contemplation. There is n'> Pharmaceuticat 
Society or organization of any kind among pharmacists. A 
Society which was started about five years ago expired after an 
existence of three months* The formal examination which fs 
obligatory for foreigners desirous of ettabhsliing business in 
Bulgaria cml>races pharmacology^ analysis, organic and Inorganic 
chemistry. The fee is very high, £40, half of which is refunded 
in case of failure. Every foreigner establishing husiocie In 
Bulgaria is required to sign a declaration placing him under die 
Bulgarian Pharmacy Law, and to keep at ksst two appnmtices 
of Bulgarian nationality.. The assistants are nearly all forelgujsrSf 
They generally rec«dve from £t loi. to £2 pw month tndotfS« 
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Ttfft barium salt of a new ac'J- forming oxide of cobalt, C0O9, 
corresponding to the blade dioxide of manganese, MnOj, has 
'been obtained li/M* Kou seau, and is descnl>ed In the current 
numb^ of th^ Ct*m/ks rentfus. It forms large black prismatic 
crysit^ls, and appears to he a very definite compound of the com^ 
position BaO . C0O9, and possessing some stability. The most 
favourable method of preparing it isj^as follows. A mixture of 
15 grams of crystal < of barium chloride or bromide with 5 or 
6 grams of finely-powdered anhydrous barium oxide is heated 
gradually to redness in a platinum crucible. The temperatuie 
is then raised in a good furnace to looo"-! 100'’ C., when i 
gram of OISquioxide of cobalt, Co](03, is introduced by degrees 
into the fused mass, and the temperature maintained for about 
five hours. At the expiration of this lime a ring of large black 
prisms, exhibiting beautiful iris-coloured reflections, U formed. 
The crystals ar^ found to contain a little platinate of barium, 
o.ving to the platinum crucible being attacked at the high tempera- 
ture, but after elimination of this impurity the analyses agree very 
closely with the formula HaO . C0O3. The crystals of this mono- 
cobaltite of barium are solulile in cold concentrated hydrochloric 
acid with evolution of heat, and dissolve likewise in nitric acid 
with effervesoence. At a higher temperature than iioo^ they 
are decom|jo«©d,with evolution of oxygen gas the CoOj becoming 
reduced to a lower oxide, probably C03O4, the usual piotluct of 
the ignition of cobalt oxides. Hence the necessity for keeping 
the temperature below lioo^ during the preparation. If the 
fusion be simply performed over the Bunsen lamp, another 
cobalt it e is obtained containing two molecules of CoO^, A crust 
of crystals of this second compound, BaO . 2C0O,, is formctl 
over the surface of the melt, consisting of brilliant black hexa- 
gonal lamella. These crystals are likewise soluble in hydro- 
chloric acid with evolution of chlorine gas. In order to avoid the 
formation of this di-cobaltite it is necessary to maintain the tem- 
perature over 1000*, when the neutral monocobaltite is alone 
produced. Hence the limits of temperature during which the 
monocobaltite is produced are 1000® -1100®. Thus cobalt re- 
sembles manganese in forming a dioxide, capable of liberating 
chlorine from hydrochloric acid and combining with basic oxides 
to form coballites analogous to the manganites. But this dioxide 
of cobalt appears from its reactions to l)c soujcwhat weaker in its 
combinatmns than manganese dioxide, and to form them with 
greater difficulty, the Imrium cobalt ites above described being as 
yet the only ones prepared. 

The additions to the Zoological Society's Gardens during the 
past week include two Crested Porcupines {/fysin'x cHsfa^a), a 
Desert Bustard (BuUtf Hescriorum)^ two Natal Francolines 
{Francolintts naiaUnsis i 9 ) from South Africa, presented by 
Captain Henry P'. Hoste, K.M.S. Trajan; a Common Wolf 
{Cants /upHSf from Provincia de Leon, Spain, presented by 
Mr. W. S. Lart ; four Violaceous Night Herons {AyciicoraA 
a Green Bittern {Buforities wVrjc^wj), a Dominican 

Kestrel ( dominiemsts^ a Pigeon (Co/um^a^ 

Bp. inc.)from St. Kilt's, W.I., presented by Dr. A. P. Boon, 

; two Ocellated Mantis {llarpax ocetiata) from South 
Africa, presented by Colonel J. H. Bowker, F.Z.S. ; a Wapiti 
Deer {Ctrvus can&d«nsis 9 ), a Peacock Pheasant {P&fypttctron 
€kinqHis\ eight Mandirin Ducks {Mx gai€rUul(t(a\ five 
Summer Ducks U€x spansa)^ two Chiloe Wigeon (Mama 
cM/oensis), six Chilian Pintails (Da/ila spinicaitda), three 
Australian Wild Ducks (Anas saperciHasa), bred in the Gardens, 


able uncertainty still attaches, however, to the elements, although 
the alar has now been under observation for sixty-three years, 
and has been watched thiough nearly three- fourths of a revolu- 
tion. This is due partly to the circumstance that the orbit is 
presented to us nearly in profile, and partly to the closeness of 
the two components. The measures in both elements, therefore^ 
have been difficult to make, and have often been very discordant. 
Thus some recent position- angles by hngelmann i^how a sys- 
tematic difference of 30'' or more as compared with measures 
made at about the same epoch by Schiaparelli and Perrotin. 
The companion passed its primary on the north side about 1S36, 
reappearing in 1840 on tlie preceding side. It re- passed the 
principal star on the south about 187S, and is now again on the 
following side. Celoria's new elements compare with Doberck’s 
as follows : — 


Doberck. 

T -- 1S4370 
Q = 1 10" 24' 

\ = tsf 30 

7= 85“ 12' 

^ SS 0‘l?O 
a 0"*7O 

P " 95 ‘ 5 ^ years. 


Cclorin. 

1840-508 
11 3" '47 
250 -68 
Si ’66 

034827 

o" *63 1 03 
85 276 years. 


Ecuf.SEs AND Tkansits in Future Ykaks.— The Rev. F. 
J. Johnson, author of “Eclipses Past and Future,*' and welh 
knowm as a calculator of eclipses, presented a large mnnuscripl 
vtilume to the Royal Astronomical Society a few months ago 
containing projections and diagrams of eclipses from the year 
A.n. 538 to the year 2500. He has now published in a little 
pamphlet the dates of all the eclipses, both of sun and moon, 
visible in Fin gland from 1700 to 20 jo, with the solar eclipses for 
the two following centuries, and the larger sol.tr eclipses up to 
2500, The transits of Mercury and Venus are also included, 
of Venus up lo 2500, and of Mercury to 2000. 

The twentieth century is distinguished by three years in each 
of which seven eclipses take place. Of these, Mr. Johnson 
notices two, 1917 and 1935, the latter being particularly no'.e- 
woTlhy as showing five solar eclipses, but does not mention the 
third case, 1985, though calling attention to the rare occurrence 
of three total eclipses of the moon which fall that year. 

The little pamphlet, which is intended as a kind of siipplement 
to the author’s larger work, "Eclipses Past and Future," is 
illustrated by four pages of diagrams showing the greatest 
phases of the eclipses up to 1949, as seen from London. The 
diagrams are nowhere explained, and no indication is supplied 
a.s to which are solar and which lunar eclipses. It appears that 
circles on which the eclipsed portion is yhown by deep shading,, 
and which are surrounded by a ring of shade, stand for solar 
eclipses, the plain circles for lunar eclipses. 

The White Spot on Saturn’s King. — M. Tcrby, who 
•Still strongly contends for the reality of the bright white spot 
next the shadow of the planet on Saturn’s ring, quotes, in the 
Astronomischc NachrUhteUy No. 2910, an observation of Ceraski’s 
made in 1884, as showing that it is not a mere cflcct of contrast 
with the shadow. M. Ccraski, on November i, 1884, noticed 
a bright while spot on the ring where it touched the planet in a 
similar position to M. Terby’s spot, but the shadow of the 
planet fell at that lime on the other portion of the ring, so that 
the spot could not be accounted for by contrast. 

Comet 1S89 ^ (Barnaud, June 23). — The following ephe- 
meris for this object is by Dr. R. Spitalcr {Astr, Nach.. 
No. 2909): — 
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OUR ASTRONOMICAL COLUMN. 

THE Binary y CoronwE BoreAus.— P rof. Celoria has 
feoentiy determined Nach. , 2904) a new orbit for this 

lUAiantt bhitty (t 1907)1 which ap|iearo a derided advance upon 
thftC of Dr. Doberck's, pubit^ied twdve years ago. A consider- 
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/TTOR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on lo 24,^ 
is here employed.) 
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At Grtiimuk on July 28 

Sun rises, 4h. 201D. ; souths, 12b. 6ni. 14*03. ; daily decrease 
of southing, 1 '3s. ; seu, i9h. 53m. : right asc. on meridian, 
Sh. 31*610. ; iS” 54' N. Sider^ Time at Sunset, 
l6h. 2om« 

Moon (New on July 28, oh.) rises, 4h. 27m. ; souths, 
I2h. 33m. ; sets, 20h. 28m. t right asc. on meridian, 
8h. 58*4m. ; decl, 19* 51' N. 

Right AM. and dadinattoa 
idian. 

4 e 

22 4 N. 
20 20 N. 

22 20 N. 

23 22 S. 

15 37 N. 

6 38 S. 

19 23 N. 

* Indicates that the riling ii that of the preceding evening and the 
■eetting that of the following morning. 
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h. m. 
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h. m. 

Sets, 
h. m. 

OD 

h. m. 

Mercury.. 

3 *3 .. 

. 11 19 .. 

. 19 as .. 

7 446 

Venus ... 

1 1 .. 

. 8 56 .. 

. 16 51 .. 

S 2o'S 

Mars ... 

3 10 .. 

. 11 18 . 

. 19 26 .. 

7 43‘> 

lupher ... 

17 38 •• 

. 21 31 . 

. I 24*.. 

17 58‘‘ 

Saturn ... 

S 46 .. 

. 13 ” • 

. 20 36 .. 

9 36 7 

Uranus... 

11 13 .. 

. 16 42 . 

. 22 12 .. 

13 8-6 

Neptune.. 

*3 S6*-. 

7 45 ■ 

■ *5 34 .. 

4 9‘8 


July. 

28 

28 

29 


h. 

5 

20 
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Mercury in conjunction with and o* 14' south 
of Mars. 

Mercury at least distance from the Sun. 
Saturn in conjunction with and 2” 16' south 
of the Moon. 

Variable Stars* 
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GEOGRAPHICAL NOTES* 

An expedition is about to start for the exploration of Central 
Australia. Baron von M Idler is interesting himself in the 
expedition, which will be under the command of the experi- 
enced explorer, Mr. Tietkens, who will also look specially after 
the botany and mineralogy. The point of departure will be 
Alice Springs, on the central tel^raph line, and the country 
round Lake Amadeus will be carefully examined. 

It is reported from Brisbane, according to the Colonies and 
Indiat that the Queensland Government has concluded an agree- 
ment with Mr, A. Weston to lead an exploring party into the 
almost untrodden recesses of the northern portion of the colony, 
with a view to bringing to light scientific treasures suppo^ to 
be hidden there. Mr. Weston has accepted the undivided 
responsibility of leadership. Messrs. Broadbent and Bailsfy will 
be associated with him, and will respectively discharge the 
duties of collecting fauna and flora. The party will e^lore the 
region lying to the north-west of Qairns, including the ^Uenden 
Ker Range and the shores of the volcanic lakes. It is also 
thought that something may be heard of Leichardt’s expedition, 
traces of which are p<wularly supposed to be yet found in .the 
back country. Mr. Weston has refused to accept any pecuniary 
assistance from the Government for his services. 

M, A. Delcommc/ne; w 1 » has been exploring severed of the 
•affluents of the Upper Congo, has arrived in Brussels. He has 


■■■ II »llll I 

brought with him a valuable collection of AMcan j»oduct^ and 
some 200 views on the Upper Congo, 

Thb news that Dr. Maegregor, the Admti^tfittrator of British 
New Guinea, has reached the summit of m Qwen Stanley 
Range is of much interest. Since Captain Oww Staril^ di^ 
cove^ the range, about forty-five years ago, various ea^oren 
have attempted to scale it, but all have failed. The summit 
reached by Dr. Maegregor is over 13,000 feet, and he reports 
several peaks almost equal in height* As Dr. Maegregor is 
a good Dotanist, his journey is lik^y to yield finable fplentific 
results. 

Da. Alfred TIettner, in a communication to the Perkand’^ 
lungen of the Berlin Geographical Society (No. 6,^ sB^), on hU 
travels in Peru and Bolivia, gives the results of his hbutvations 
on Lake Titicaca, which are of some interest. The Vtttface of 
the lake, he states, has in the course of time been subject to 
great changes of level. The proof of these changes is to be 
found in the terraces around the lake. In a comparatively 
recent geological period, Dr. Hettner believes, the level of the 
lake must have been ao metres higher than it is to-day, and the 
lake must have spread over the great part of the plain which 
now incloses it, perhaps as far as Lake Poopo, At a still earlier 
period the level of the lake must have been 200 metres above 
Us present level, but between these stages, as nmny appearances 
indicate, the lake must have sunk below that level. The 
highest position of the lake- level is older than the glaciation of 
the district, and contemporaneous with a period of strong 
volcanic activity. The 20-metre high terraces may belong to 
the ice-period. For the idea of a former submersion below the 
sea Dr. Hettner can find no support ; at the same time, he 
cannot altogether deny the possibility that at the time of the 
200-metre terrace the lake may have had some connection with 
the ocean. 


NITRATE OF SODA, AND THE NITRATE 
COUNTRY! 


II. 

Vy E will now consider the structure of the actual nitrate beds. 

As before mentioned, there is no nitrate under the flat 
Pampa ; but exactly where the first slopes of the coast range spring 
out of the plain, there nitrate is found at a small but variable 
distance below the surface. The width of the belt varies with 
the slope of the hill, being greatest where the slope is least, and 
the vertical height of the hipest part of the bed appears to vary 
from 100 to 120 feet above the plain. It is, however, most im- 
portant to notice that the beds of nitrate follow the slope of ths 
Pampat and not a Irvelline. For instance, the northern extremity 
of the Pampa is some hundreds of feet higher than the southern 
portion, but the nitrate beds follow the spring of the hill from the 
plain, throughout their whole extent. 

A very different sequence of beds lies under the slope of the 
hills from those alternating layers of mud, sand, and gravel which 
are found under the level Pampa. The surface covering of loose 
dust and small stones, extending to a depth of only a few inches, 
is locally known as chuca (see Fig. 3). This seems to be a 
native word, but I hare been unable to ascertain its meaning. 
Below the chuca comes a very hard layer of earth and stones, 
almost compacted into rock, from i to 2 feet thick, which is called 
cosira (Span, crust). Under this lies the caliche, or true 
nitrate deposit. This is a bed of from 1 to 3 feet thick, usually of 
a whitish crystalline structure, containing from 20 to 50 per cent of 
nitrate of soda, with a residuum made up chiefly of common salt 
and earthy matter. Caliche is an Indian word, and may possibly 
come from the Aymara word eatlacki, a shell, or skull. 

Passing through the caliche, a hard layer of stones and earth, 
comjpacted with salt crystals, is usually encountered. The Spanish 
workmen call this ^Ucngelo,** because it is congealed or concreted 
by the salt. 

After a foot or so of this, there comes finally a bed of soft, 
loose, sweet earth, containing a few very small loose stones, 
known as cova. 1 could not discover the Bonification of this 
word ; but the whole method of working a nitrate bed turns round 
the properties of the cam* 

A workman, with three or four chisel-pobted bars of iron, 
hence called a barretero, stands on the surface of the ground, 
and chips out a round hole, about a foot in diameter, down to 
the level of the eopa* This hole is called a tirOf or charge for 
* Conliitaad from p. xSa 
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mnpow^er ($e8 l^g. 3). A smAll boy then scrAtnbles down the 
Sole, and easily excaTalcs the soft caifa a little under the congelo^ 
forming an open^ called the tnza, or cup. The taza only 
is then filled with A alow-buming gunpowder, made of nitrate of 
aoda Oifl^-the pmpaises, a tampir^ put into the Hro^ and the charge 
explod^ The Yaluable calicnt oed i« thus simply lifted and 
partially "bnoken, without being blown into dost ; and a party of 
men sepk^e the nitrate from the worthless beds, and carry it to 
the factory^ or maqmna. 

C^c^fv^esso much in composition that it is almost im- 
posdblewgfte a typical analysis. One very rich specimen gave — 


Nitrate of soda 

Per cent. 

50 

Chloride of sodium 

26 

Shiphate of soda 

6 

,, magnesia ... 

3 

Insolubles 

»S 

A 

100 


but a more average sample might be taken to contain one* third 
nitrate ; one-third salt ; and one-third earth. 

The problem for the mannfaciurer is to get the nitrate without 
the salt and earth ; and the simple basis of the whole process 
rests on the fact that, while salt is rather more soluble in cold 

RtL 


Ctuca. 


Gistra. 


CALICaiE. 

{TUtteate) 


CcDgido. 









Ta*a. 


than in hot water, nitrate of soda is about four times more soluble 
in hot than cold water. It is also evident that, if a salty rock is 
washed with water already saturated with salt, no more- of that 
material can be absorbed. The raw caliche is therefore first 
crushed into small pieces, washed with six changes of hot water, 
by what is known as the ** passing system ” similar to that used 


by what is known as the ** pa*ising system ” similar to that used 
for lixiviating soda ash. After the lost washing the waste caliche 
is known as rtpio (refuse), and is thrown on to a rubbish heap ; 
while the strongest hot water, which is drawn off the caliche, 
is known as cakio, or ** broth. 

The hot broth then runs for twenty minutes Into a settling 
tank, where earth and salt are deposited, and after that into 
mat square shallow bcUeas, or troughs. In about five days 
the mater part of the nitrate has been deposited nearly pure at 
the bottom of the batea, and a yellow orange liquid, known as 
aaua vi^'a, remains on the top. This liquid is drawn off, the 
nitrate crystals drained, thrown on to a fiat fioot or cancha, to dry 
for three weeks, and then when bagged are ready for the market. 

In many factories the agua t^irTis then pumj^d into the iodine 
room. 

One sample of this fluid gave the following analysis 


Nitrate of soda 


Per cent, 

aS 

Sulphate 


... 3 

Chloride of sodium ... 


... xi 

lodate „ 


22 

Sifi];dxate of magnesia ... 


.»* 3 

Water 


33 



100 


ddei a » mall qimDthy of Iodide of aodiuin^ whidi cannot be 
[lined. 


To separate the iodine a mixture of nitrate of soda and coal 
dost is formed into a pyramid and set alight, by which means a 
crude carbonate of soda is formed. Fumes of bumiog sulphur 
are then drawn through a solution of this carbonate, and an acid 
solution of sulphite of soda is produced. A suitable quantity of 
this last liquid is added to the aqua vieja, when io^ne is preci- 
pitated in an impure form, whicn after sublimation becomes the 
iodine of commerce. 

Nitrate of soda thus manufactured contains from 95 to 96 per 
cent, of pure nitrate, with less than per cent, of salt, the 
remainder being chiefly water. The nitrate is sold in Liverpool* 
for about ioj. a hundredweight, while the iodine is disposed of in 
London for about 3^. an ounce. 

It is impossible to examine a bed of crude nitrate of soda, 
without thinking how it got there. We have described the facta 
as to the position of some beds relative to the lie of the country, 
and also explained the character of the layers which adjoin tne 
caliche, but unfortunately we can do little more. Numerous 
theories have of course been started, but none have either 
accounted for all the facts, or obtained general acceptance. 
This may perhaps be the case because no competent geologist 
has as yet thoroughly examined the nitrate beds in different 
parts of the country, but still a few remarks on the subject may 
^ desirable. There is no doubt that the coast range and the 
Pampa have been elevated out of the sea at a comparatively 
recent period, but it is also equally certain that since that elevation 
the climate was at one time far more rainy than at present. AIF 
over the plains there are dry river-beds, and the flanks of the hills 
are scored by water-cut channels which could not have been 
carved out under the existing conditions of rainfall. This would 
make it doubtful whether the nitrate could have been deposited 
immediately after upheaval. 

It may be noted as a curious fact that the stones found both in 
the cosira, caliche, and con^elo are usually angular ; but in one 
nitrate ground I have certainly seen rounded pebbles in all these 
formations. 

Much difficulty is always found in accounting for the existence 
of nitric acid. The existence in some deposits of a layer of guano 
under the caliche is a very suggestive fact, but unforlunately our 
knowledge of the circumstances is far too limited to allow of any 
generalizations on the subject. The presence of iodine in ealicke 
has often been appealed to as pointing to the decomposition of 
beds of seaweed ; but it may be remarked that there is a good 
deal of iodine about in the neighbouring mountains in the form 
of iodide of silver. We can only repeat the statement that the 
origin of nitrate of soda is at present unknown. 

Whatever may have been the origin of the beds, there is no 
doubt that their existence is due to the rainlessness of the west 
coast of South America, so that a few remarks on the clim.'ite 
and weather of the caliche districts may be of interest. All along 
the coast we find three belts of climate and weather ; that 0? 
the coast, that of the Pampa, and that of the Sierra. 

Iquique may be taken as a typical station on the coast, and 
here fortunately a considerable amount of material has been 
accumulated through the labours of the Meteorological Com- 
mission for Chili. Speaking broadly, temperature at any season 
will rarely exceed 8o“-*85®, or fall below 50® at any hour in the 
coldest season ; and as the air is always tolerably d^ the climate 
is very bearable and wholesome. The wind blows from south to 
south-west throughout the year during the day, but at night 
sometimes comes more off the land from some point of east. 
Though nothing apjiroacbing to a gale ever blows at Iquique, 
the effect of distant storms 5 often experienced in the form of a 
heavy surf, which entirely stops any shipment of nitrate. The 
surf davs, or Bravesas as they are called, occur most irrep- 
larly, lor while in some years only nine days are recorded, other 
seasons have been credited with no less than forty-three days of 
enforced idleness. Contrary to the usual opinion, three or four 
slight but real showers fall every year, mostly in the months of 
June, July, and August, though this precipitation does not extend 
inland to the Pampa. The sky is ttiually clear, but a low stratum 
or strato-oumulus cloud often covers the sea imd coast range 
during the forenoon, but dissipates as the sun gains power. 

On the Pampa, where all the nitrate ojkinas are built, the 
temperature may rise to 85’ or 90“ on the hottest days ; und at 
p^ht may fall to the freezing-point during the winter months 
T& atr is much drier than on the coast ; and though rain has been 
known to fall, it is certainly of very rare occurrence. Cloud is 
more rare on the Pampa than on the coast ; but nearly every 
night a very thick wet fog settles over the plain. This is locally 
knWn as eamanehacat probaldy an Ayrnani word, whose 
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flignification 1 have not been able to 6nd ont. The mUt is 
popularly auppoaed to come from the sea, but this is only partly 
true* The fog doubtless rolls from the west or seaward side, but 
the origin is certainly due to local radiation, for the densest 
mbt may lie over Pampa, when there is no trace of fog on 
the sca coast. ** 

The nights and forenoons are usually calm on the Pampa* but 
about I a moderate wind springs up from the south-west, 
which fails away at sunset. During the night a light air some* 
times blows from the Cordillera ; and if the wind comes from the 
east, the camanckaca is immediately evaporated, 

The Sierra or Cordillera is strangely enough governed by a 
totally different weather system from that of the coast ; for it 
rains heavily in the mountains during the summer months of 
December, January, or Fcbmary ; and I have been assured that 
whenever it doe< rain on the Pampa, the precipitation has been 
blown over from the Sierra. The extreme dry nest of the Pampet 
is awing to its geographical position between the coast rangty whose 
scanty rainfall occurs in winler, and the SierrUt where heavy rain 
falls in summcj'f but the precipitation of neither reaches the plaint 
which therefore remains a desert. My own observations on the 
,, surface ancf upper winds along the whole length of the Andes, 
from Valparaiso to Lima, prove conclusively that the old theory 
that the dryness of the west coast of South America is due to 
the south-east trade rising over the Andes, and then descending 
tu a warm dry current, is totally wrong, for I found all the 
winds over 10,000 feet, either from north-east or north-west. 

The Pampa is very healthy, for fever is unknown, and though 
the heat and drought sometimes affect the liver, and a mild 
dysentery sometimes shows itself, still both are very amenable to 
proper treatment. There seems to be only one ailment special 
to the Pampa and the other nearly rainless districts of South 
America. This is the so-called “barley blindness” of mules 
and hofses, which manifests itself by a white growth on the pupil 
of the eye. Absence of sufficient moist food is said to be the 
cause of this malady, and there is no doubt that if removed in 
time to a natural pasturage, the affected animal soon more or less 
recovers its sight. Rm.pk Abercromwy. 

FOP TUI TO US VA PI A TION. 

A T a meeting of the Biological Society of Washington (Unital 
States), held on December 15, 1888, Mr. Lester F. Ward 
read a paper on “ Fortuitous Variation, as illustrated by the 
genus Bu^torium'* He exhibited a series of specimeas of that 
genu?, mostly from the vicinity of Washington, and growing in 
great part in the same kind of soil and under the same general 
conditions. To simplify the question, the differences in the 
flowers, heaxla, and reproductive parts in general, which are less 
marked in this than in almost any other genu?, were ignored, 
and attention was exclusively directed to the leaves. These, 
when closely compared, are seen to differ considerably in the 
different sppcice, the forms ranging from the filiform dissected 
leaves of B. ficniadaceum to the broad ovate leaves of A. 
ageratoides. ^llut between these extremes there are represented 
in the Washington flora numerous much more similar forms, 
which present to the observer a strongly marked family r*- 
semblance ; from those with more elongate leaves, such as £. 
oltissimutHt B. albums and E. ieucrifolimny through the in- 
creasingly broader more ovate forms, B. perfoliatumt B, smili^ 
foiiumt o^rvdB. rotundifaUum avatum{B. pubescent t Muhl), with 
an iutermediftte undescribed form, which Dr. Gray regarded as a 
hybrid, connecting the last two to the typical B. rviundifolittmt 
with its roundish, efenate, but still sessile leaves ; and from this 
last form, with several similar Mexican species, on in the direct 
tion of acquiting a petiole, through several exotic forms, to 
cxlestinum, B^ aromalicumt and ageraioidest in an almost 
unbroken chain of modifications without any apparent advantage 
to the plants. Alinost any other genua might have served the 
purpose of the paper, but this one seemed to possess the merit 
« simplicity. 

The qwtion naturally arises, in looking at such a group of 
clearly relatwl forms, all qf which, on the modem view, must 
Barely have descettded from some^common ancestral stock, Why 
have they varied at all ? Why need tliere be more than one 
species of Eupatorium it^4he sajaje restricted flora ? Or, if some 
cm be shown to have piobably varied in order to adapt them- 
selves to different local conduions, why need there be more 
than one form occnnrvng under precisely the same condHi<m» ? 
Variation caused by natural selection Can only occur wher0 spme 
advantage is secured through it, where by the new form becomesi 


by ever so little, belter fitted to survive under the condition^ of 
Us existence. But here there seems to be no such advantage. 
It is easy to say thnt we are incapable of det^tpg the sumle 
influences that make one form stm of exkMce thait another. 
The staunch believer in natural sdleoUan may be satisfied wiBi 
such an explanation, but is it not too much to ask^ of the new 
convert or the sceptic ? Is not the sptebtli of the doctrine 
hindered rather than helped by such a demand ? Moreover, k 
was shown that several different forms actuary flourish together 
in the very same localities, and that tfai^ is not caceptionaJ, but 
the common case, so that the idea of special fitness of frirm to 
station is precluded. And is it not antecedently improbable 
that there should be any advant^e in a plant’s having a sharp- 
pointed rather than a blunt-pointed leaf, a serrate mther than 
a crenate one, or a sessfle rather than a sbort-peikfiied one? 
Science becomes metaphysics when such questions are discussed. 

The speaker proposed to escape from the dilemma by denying 
ihat-ad vantage, or fitness to survive, oi'patura! selection, had any- 
thing to do with such variations ; and he maintained that they 
were truly fortuitous in the only true sense of that term. By this 
he did not mean to say that they were due to more chance in the 
sense of being without cause ; and the remainder of His paper 
was devoted to an attempt to explain the cause of fortuitous 
variation. It may be briefly summed up as follows : — 

Organised or living matter eotistantly tends to increase in 
quantity, which may be regarded as the true end of organic 
l»eing, to which the ^rfeciion of structure, commonly mistaken 
for such end, is only One of the means. Every organic element 
may he contemplat^' 0$ occupying the centre of w sphere, toward 
the periphery of which, in all directions alike^ it seeks to expand, 
and would expand but for phyrical ohstriictions which present 
themselves. The forms which have succei^ffd in enfrviving are 
those, and only those, that were possilci^ Under existing con- 
ditions ; that is, they have been' developed the lines of 

least resistance, pressure along all other lines having resulted in 
failure. Now, the various forms of vegetable ima animal life 
reprCRcnt the latest expression of this law, the many poorible, 
and the only possible, results of this universal nisus ol organic 
being. l‘he different forms of BupaiorinMt qr of any other 
plant or animal, that are found co-existing 'hinder identical 
conditions merely show that t^re were many Hnef along which 
the resistance was not sufficient to prevent development. They 
are the successes of Nature. 

Mr. Ward disclaimed any desire to discredit or impair hi any 
way the great law of natural selection, 'fhe most important 
variations, those which lead up to higher type* of structure, are 
the result of that law, which theretofe r^ly explains organic 
evolution ; but the comprehension and acceptance of both 
natural selection and evolution are retarded instead of being 
advanced by claiming for the former more than it can explain, 
and It might as well be recognized first u last that a great part 
— numerically, by far the greater i>art--^f the variety and multi- 
plicity, as well as the interest and charm, of Nature is due to 
another and quite distinct law, which, with the above qualifica- 
tions, may perhaps be appropriately called “ the law of fortuitous 
variation.” 

SCIENTIFIC SERIALS. 

American Journal of Seiencct July. — A new Erian (Devonian) 
plant allied to Cordaites, by Sir William Dawson. Thifl unique 
^cimen from ihe lower Catskill (Upper Devonian), Wyoming 
dounty, Pennsylvania, presents the peculiarity of combining the 
fructification of the Cordaitem with foliage akin to that of 
Naeggerethia, thus connecting two Palaeozoic groups which are 
now considered ai allied to Cyadem and Toxiaeie.— The law of 
thermal relation, by WilHam Ferre! . The object of these re- 
searches is to compare Dulong and Petit’s older formulse and the 
more recent determination of Stefan with the principal available 
data derived from experiment and observation, with a view to 
ascertaining what mc^ifications these formulse may require in 
order accurately to represent the true law of relation between 
the intensity of the radiation and the temperature of a body. 
It appears cenerally that neither of the fomuloj in question 
represents the true law of Nature through the whole range of 
experiments, but that different values are required for different 
ranges of temperature. To determine the true mean value with 
greater accuracy experiments upon radiation will have to be made 
at much lower temperatures than any yet made.^ Stratigraphic 
position of the Oleaellus fauna in Nmb America and Ihumpe 
fooniinued), by Charles D. Walcott. Since writing the first yiit 
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of ibis article' the sulhor has completed the survey of all the 
species known to him from the Olenellus (l>ower Cambrian) zone 
in North AmericfL From a general comparison of this zone 
with the prdovicUin the supejribrity of the latter in number of 
species* genera* and families becomes at once apparent. But 
w^n the cois^risonisexteipded to class characters, tlte disparity 
is maoh reduce* aod^lt is made evident that the evolution of life 
between the two epochs has been in the direction of difTeretitiating 
the dsM types that exiiited in the earlier fauna, it cannot be 
asserted that the OfhncUus fauna of Europe and North America 
was contemporaneous, atUiOti^ its relations to the succeeding 
Middle and Upper Cambrian and Ordovician is everywhere 
essentially the same* ibeOlenellus being the t^asal fauna wherever 
it has been found.— allotfopk forms of silver (continued), by 
M. Carey 1-ea. The properties are given of the two already 
described mioluble forms of allotropic silver, which differ from 
normal stiver especially in their sensitiveness to light, their 
brittleness and sp^6c gravhies (9*58 and 8 '51, the normal being 
lO’S).— 'I'he peridotitc of Pike County* Arkansas : Part I., 
description and eeneral relUiOiftS, by John C, Brnnner ; Part II., 
microscopic study « by Kichswd N. Brackett. Though staall in 
extent, the exposure of peridpthe occurring near Murfreesboro, 
Pike County, is geolo^caUy hnp^ant, as offering a clue to the 
time and character of the diaturbing influences which about the 
close of the Cretaceous sank the greater port of ArkansaK and 
other contiguous regions beneath the ocean. It i^ also inter^ting 
as being the third reported occurrence of picrite-porphyry in the 
United Slates. I U position and topographic fer.tufes are .shov>n 
in the accompanying map^ — Papers arc contrilmted by T. M. 
Chatard, on urao, shown to lie tne true natural form of sodium 
carbonate ; by Edward F. Ayres, on the crystallization of trona 
(wao), from Borax Lake, California; bv 0 . F. Kunz, on 
fluorite, amber, opal, and diamond ; and by O^C. Marsh, on 
the discovery of Cretaceous Mammalia by J, li. Hatcher in the 
l^ramie formation of IJakotn and Wyoming. There is also a 
reprint of Mr James CrolPs paper in the (Quarterly Journal of 
the London Geological Society for May 1889, on prevailing mis- 
conceptions r^arding the evidence of former glacial periods. 

the AffHrit,<!m McieoralogUal J^Hrnc^i for June, Mr. A. L. 
Uotch contilbntdn an interesting article ^)n the niganizaiton of 
the meteorological service in Belgium. The Royal Ohscivatory 
Was itttabUshed in 1826, and dealt with astronomy, meteorology, 
and magnetism. The present net- work of stations coni^ists of 
three Observatories (including Liege, which is independent of 
the Koyal Observatory), fifty stations of the second order, and 
about i?o rain-Btations. Instruments arc generally lent, but 
the observers are volunteers. The most notable instrument in 
use is the elect ricM wseteorograph, invented by F, van Ryssel* 
berghe, which en^vus iu indications on mrtal plates, from 
which copies can be printetl. The recording apparatus can 
work at any distance from the meteorological inStmmenls. — 
Lieutenant J. P. Finley gives a chronological table of tornadoes 
in the State of Michigan for sixty-six years ending 1888, with a 
chart. I'he total number of storms observed was seventy- six ; 
the year of greatest frequency, 1886— eighteen storms. The 
greatest monthly frequency wa« in May and September, and the 
prevailing direction of movement, north-east. The publication 
of these statistics is the more valuable, as we lenrn from another 
part o^he Journal that recent restrictions on the publications of 
the C^hlef Signal Office prevent it from issuing Lieutenant FioleyU 
tornado charts. — Prof. F. Waldo has a review on some import- 
ant tornado Jiteratuie. The author points out where the most 
important discussions of the subject can be found, and calls 
attention to soaie particular points therein. Most of the au- 
thentic accounts between 1835-50 are contained in ^/V/iV/wwV 
'foumai^ smee wl^h time most prominent mefi^rologists have 
jnvestigaled'the subjectf especially Loomis and R^e. — Mr. "W. 
W. Harrington cootiibuteB an ortititifr on the whirlpool theory 
of storms. The* object of the paper U to lay before the readers 
of the Journal the views of M. Faye, as formulated in his 
wofk, “Lcs Temp^ies" (1887), which work was reviewed in 
our columns. Mr. Harritigron oflbii no opinion ui^on the theory 
itself* or upon the erkieisme of the same. 

— 

SOCIETIES ANB academies. 

Paris, 

Aomdeoiv of S«ien:ua, lulv Hermite in the chair. 

--'Ohiervatioot of the small planets and of Barnard^s comet 
mftde at the great meridian Initrumeck bf the Paris Ot 38 ervatory 
during the aet^nd half of the year by M. Mooches.-- 


Thcimic researches on the itomcric nitric camphors and on cyanic 
camphor, by MM. Bert helot ant} p. Petit. From these researches 
it appears that, between Cazeneuve’s two isomerous nitric cam- 
phors, answering to the formula Cg^H^sNOf,, there exists the some 
difiTerence as between a nitrified Iwdy and a nitric ether, or any 
substance of analogous function ; further, that niiro-^enol cam- 
phor must be less explosive than the corresponding isomerous 
body. For cyanic camphor the mean heat of combustion has 
been determined at 8445 '3 calories. — On the decomposition of 
the sulpbo-conjugated acids Ity means of phosphoric acid, by 
MM. C. Fricdel and J. M. Crafts. On recently resuming their 
study of this question the aulhorn have found that owing to the 
secondary reactions the decomposition of ihe acids in question 
in presence of sulphuric acid does not usually yield all the hydro- 
carburets contained in them. But the complete decomposition 
may be effected by mixing the sodium or potassium salt of a 
sulphonic acid with a considerable excess of concentrated phos- 
phoric acid at a temperature of 60* Baum^. — On the studies in 
atmospheric micrography undertaken at the Imperial Observatory 
of Rio de Janeiro, by M. L. Cruls. Considerable interest 
attaches to these researches, made in a tropical region and in tlie 
immediate vicinity of a large city frequently visited by epidemics. 
Some of the atmospheric particles, obtained in the usual way, 
have been photographed M. Morize, of the Rio Olwervatory, 
and enlarged by 150, 500, and 1000 diameters. In order to 
collect sufficient data lor comparative purposes, M. Cruls has 
been authorized by the Brazilian Government to organize a .special 
laboratory to carry out a systematic series of microscopic studies 
on the site that has been chosen for the con^l ruction of a branch 
of the Rio Observatory. — Observations of Barnard’s comet (June 
23, 1889) made at the Observatory of Algiers with the 0*50 
metre tele«!cope, by MM. Trepied and Sy, on July i and 5. 
— On the Brownian movement, by M. Gouy. The author has 
studied this phenomenon under a great variety of conditiorfs and 
with diverse kinds of liquids and particles. It results from bis 
observations that this movement is produced with particles of 
every description, its intensity diminishing in direct ratio to 
the viscosity of the fluid and the tize of the panicles ; also 
that it is a perfectly regular phenomenon, produced at a con- 
stant temperature and independently of all external influences. 
Thousands of particles have been examined, and in no single 
case has any particle in suspension failed to present the 
usual movement, with its normal imensity regularly decreasing 
with the increased size, but not with difl’ereni kinds of particles, 
the solid, liquid, and gaseous all behaving much alike under like 
conditions. Ibis fact clearly shows that the cause of the 
phenomenon is to be sought, not in the bodies themselves, but 
in the fluid element, whose internal movement they serve to 
render visible. Hence the Brownian movement al^e of all 
physical phenomena reveals to the eye a constant state of in- 
ternal agitation in Uidies independently of all outward influences. 
The fact here established will naturally be associated with current 
kinetic hypothesc-, and may perhaps be regarded as a faint and 
remote result of calorific molecular movements, in this pheno- 
menon the velocities may be estimated at some wicronR per 
second, or about 1/100,000,000 of those attributed to molecular 
movement, — *On the electrolysis of diBtilled water, by M. E. 
Duter, These exjierimenu* and especially that conduct cd with 
aluminium, point to the inference that there are formed at the 
negative pole metallic hydrides, which are destroyed by the water 
^th ibrmation of an oxide and liberation of hydrogen.— On the 
ammonio-cobahic molybdates, inngsutes, and vanadate* ; separa- 
tion of cobalt and nickel, and of the cobaltous and cobaltic 
salts, by Adolphe Carnot. The ammonio*cobaUic salts differ 
in many respects from; the corresponding salt.* of the col>aIt and 
i^kel protoxides. Bilt their respective characters are not, as a 
rule* sufficiently marked to *Bcrve to discriminate and separate 
these salts. M. Carnot, however, now finds that this advantage 
is presented by the molybdates, lungitates, and vanadates. In 
the present paper be deals with the molybdates alone.— On the 
reaettons of olu with nitrate of silver* by M. Raoul Broils. 
During his researches on the character of difleient oils, the author 
hoe been led to employ the nitrate of silver as a reagent. The 
results present remarkable differences in the caee of olive, cotton, 
linseed, colza* and other vegetable oib.—On the egg of the 
tardine, by M. Georges Fouebet The author’s observations 
show that the sardine </e rotfue {the small sardine of commerce) 
is a young fish not yet arrived at maturity, and ' presenting the 
greatest irregularity m the development both of In© ovaries and 
the ovules ; nor, as a rule, is the size any clue to its state of 
development. 
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VlRNNA, 

ImfkerljRl Aeadamy of Sclencdti May The following 
^itaperd were read ; — On the preparation of indd phenyl- 
riycoco!l» by J. Mauthner and W. Sutda.— On amides of car- 
bonic acid (lecodi communicatiODL)i by F, £mtch.^On the 
knowledge of some non-drying ott^ by K. Hazura and A. 
Gcitessner.*-Oathe transplantation of bone^ by A. Adamkiewicz* 
-^On nerve-corpuicles in their physiological and pathological 
etate^ by the same*— Experiments on the decomposition of 
idbumen anatfroboas micro-organisms^ and on the aromatic 
prodncU of decomposition^ by the same.— Contribution to the 
knowiet^ of gases developed by the fermeotation of albumen, 
by M. ^ncki and N. Sieber* — On the formation of para-lactic 
odd by the fermentation of sugar, by the same. -—On bens^l-com- 
l>oands of alcohols, phenols, and sugars, by Zd. H. Skraup. 
— On the constitution of grape-sugar, by the same* — Experimental 
researches on the periodic law, Fart 1, by B. Braunei^ —Re- 
searches on musical psycholo^ and acoustics, by K. Sleeker. 
— Preparatory studies fp^ a monograph on Muicaria sthitO' 
4 iHt 9 pa; Fart i, synops^ of ^era, by F. Brauer and von 
Bergenstamm. — On the crystus of grape-sugar and optlcally- 
active substances In general, by F. Becke.— On new improve- 
ments of the usual process of Combustion, by F* Blau.— -Note on 
the preparatkm of mono- and dibromo-pyridin, by the same.— 
On dry distiZlaClon of picolioate of copper, by the same* — On a new 
lest for albuminous bodies, by C. Reichel. — Monograph on the 
fossorial wasps allied with Nysson and Bembex, by A. Hand- 
lirsch.—EmbryoIogical researches on Ascomycetes, by H. Zukal 

Austkadam. 

Royiai Academy of Sciences, June 20. — Prof. v. d. Waals, 
Vice-President, in the chair.— M* Franchimont stated that, as 
oarly as the beginning of this year, he prepared the pentamethy- 
lenb glycol, its oxide, and an unsaturated alcohol of nve C-atoms, 
'by ^img i^atamethylene dinitramine with diluted sulphtiric acid, 
«5 also the bromide agreeing with the gfycol \ and that M. Dekkers 
had treated the tetrameth^ene-dinitramine in the same manner, 
tile properties of the peotamethylene glycol agree with those 
published a few days ago by M. Guitavson, who obtained this 
compound by another method. He spoke further of the action 
of nitric add on carbonic and nitrogenic compounds, and of 
the influence exercised upon them by certain atomic groups. As 
instanoel of carbopic compounds he cited malonic acid esters and 
their derivatives $ of nitrogeniq compounds, all kinds of amides, 
urethanes, &c., so that the extraordinary strong influence of the 
group COOCH« clesriy, even in the derivatives of 

piperidine.— M* reWharing treated of the destruction of the 
virus of anthrax die subcutaneous tissues of rabbits. Small 
pieces Of gelose with a culture of anthrax bacilli, whether con* 
tatniiig epoves or not,, packed in parchmeat-paper, introduced 
tuider the jfldp in rabbits, not only do not superinduce anthrax 
in the inofistwted animals, but are themselves deprived of viru- 
lence. This is tha case evUa. when the wound remains perfectly 
. aseptic, of coarse without application of any aatiseotic matter. 
Leuco^tea penetrate, into the packets, but the haCtlii or spores 
are nut materially afletked thereby. Therefore^ , next to the 
pha^y tose,, yrhose existence is nowise denied^ the action pf a 
^solved subsUnce for the destruction of badUi must be taken 
into account. — M. de Vries read a paper on the spiral torsion in 
sriid teasei {Dipsacm In opposition to the prevalent 

pinion, which regards the cases of ^ral torsion (called V Alex. 
mtwsi ZwaHgsdfihuri^nM. accidents, the speaker deemed himself 
justlfled in regarding this phenomenon as jm hereditaiy variation ; 
adi| this ih oanfettuenee of an experiment begun by film in t8&5 
wi^ jtwo twisted In^vidanls* . From the seed of tfad'same about 
r 1656' plaokU wdre tenred in 1887, amottf whidh ^ere again two 
twisted syedunebs. The seed pf thole in 1889 above 1500 
plants, aihmik wld^ were found t Uttle more than 4 per cent* of 
twistefl tndfvmuaiii Tbetorsioa is, therefore, not only hereditary, 
but will graiduallt bo^e fixed by the customary method of 
. nrtifleua selection , FriMnihp 4 per cent, twisted speeimbna the 
f^^^beat have been selected, fipp teed bearers further to improve the 
raesu^M. van Bemmetib* the results obtained by M* 

Bakhuya Koozeboom lo'tte pttnuit of bis researches concetniog 
the behaviour of saks wlii regavd to water. The lioroud coarse 
pf the solubility may be dtaturbhdkf the appeatmice of a second 
' ^er of fluid when the ealt and water are not mixed in aH pro- 
jMknWr Mr. ^kbaye Jj^odePboom succeeded fa Utustrarime the 
' pecttUnriries 6f ibe tM^havlour Hi such eases in two exam^es : 
AsBti, andasiiat moently detected ean 
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BOOKS. PAMPHtETS. «n4 BBBIALS RECEIVED 

^ Kamai Srnonynu of British Pbmts ; G. %ertoa-WoriHifton (Bell).— 
S\ii^ Tnvol and Swiss ^Idi Books; W. A. B. C^df* (Lompiians>— 
Tnc Human Foot : T. S,^Us (Ctiufchp).'^11n ttoJlvavs of BnclaiMl ; W. 
If. Acworrii (Murray).— pWm Uw-Sidw of O^t Britain TK. Walloco 
(XdinbQifth* Oliver and Boyd).— T .a Luna |wur rExhtenc* ; L. Fredeiioo 
(Paris* BatmM.-Modom Views of EloctriciW : 0. J. Ledge (MraiUon). 
f-'lVahd Pratique d« la ThsrmoiRdtria de PrddisbQ ; C K. uiuHaiiin • 
(Paris, Cauthlkr-Villars).— AnKlcmentory Qass-baok of Gwieral Geography; 
H. E. Mill (MaemtUan)— The Microhorgaaisras of FtrmoDtatlon wocfloi^ 
considered : A. jOmiuen ; edited ftom the German^ G. H. Monls^Lyon), 


riften-.Siudien : Dr. Max Verwom (Jena, Ftscher]!*— GSuvres Completes de 
Christian Huygens, tome deuxleme (Ia Haye, M. KiitiofOi— British 
Rainfall* tSSS : G. J. Symons (Stoof jrd).— Solutions of the Examples in 
Higher Algebra ; H. S. Hall and S. R. Kalght (Macntitlaa).-^Timber and 
Some of its DlBeoses ; H. M. Ward (Moomillanl. — Index Of Spectra, re- 
vised edition: W. M. Watts (Manchester, A Keywood)— ‘Journal and 
Proceedings of the Royal Soriety of New South Woles, vol, xxd. Part s 
(TrAbner).— Journal of the Royal Storiaticol Society, June (StanficMrd). 

CONTENTS. 

Commercial Organic Analyais. By Or. C. R. Alder 

Wright, F.R.8 289 

The Floating Island in Derwentwater 290 

A Journey to the Planet Mars. By R. A. Gregory « 291 
Our Book Shelf; — 

Boulger: The Uses of Plants’* . 292 

Leflfmann and Beam; ** Examination of Water for 

Sanitary and Technical purposes ’’ 293 

Lynn : Celestial Motions ** 293 

Steel: ’’Science Examination Papers ” * 293 

Bradshaw; ”A Course of Easy Arithmetical Ex* 

ampka for Beginners ” 4 * . • 293 

Anderson i ” The Prospector's Hand-book " . , . . 293 
Letters to the Editor : — 

Coral Reefs. — Or. John Murray 294 

An Earthquake ?— A. R. Sharpe . . 394 

The Excursion to the Volcanoes of Italy. —Dr. H. J. 

Johnston-Lavis 294 

Seismology in Italy* — Dr. If. J. Johnston-Lavis . 294 
The Earthquake of Tokio, Apnl 18, 1889. (//Azr- 
/mW.)— Or. £. von Rebeur-Paschwitz . * . 294 
On the Phenomena of the Lightning Discharge, as 
Illustrated by the Striking of a House in Cosstpore, 

Calcutta.— WaUetO* iScMilUn 295 

The Circulation of the Atmosphere over the Equator. 

—Hon. Ralffh Abercromby 297 

Cbangeil Environment, — Prof. W. Whitman 

Bailey 297 

Lamaitk versus Weismann*— J. T. Cunningham . 297 
Bored Stones in Boulder Clays.— Q. W. Lsmplugh 297 

Mr. Lydekker on Phenacodus and the Athecse. — 

Prof. E. O. Cope 298 

Systematic Position of the Charace^. — Alfred W. 

Bennett 298 

Make-believe.^Prof. Mafous M. Hartog . . . , 299 
O^ and Fire.-*Prof. Marcus M. Hartog .... 299 
‘^The Theorem of the Bride.' —Prof. George. J. 

ARsnaii, P.R.8. 299 

Recent Researches into the Origin and Age of ^ 
Highlands of Shetland and the West of Ireland. 

U Dr. Archibald Geikle, F.R.S 299 

The Private Laboratory of Marine Zoology at 
Rs|>allo. Pr. L. Camerano, M. G. Peracca, and 

D. Rosa 30a 

Weismann on the Inheritance of Injuries 303 

Coal and Tin Discoveries in Western ijl^atralia • . 304 

Notes f J. « . . . * « « 4 • « * * • 4 304 

Oi;|r Astronomical CohUnn 

The Binary y Coronse Bdteriis • . 307 

Eclipses and transits in Futare Years 307 * 

. The Wliite Spot on ^turn's Ring 307 

XJomet 1889 r (Barnard, June 23) 307 

Astronomical Phenomena Idf^ the Week 1889 

jmy a8--Au|uet 3 * -Vi 3^7 

Geoi^pbical Notes * . 4 . t « < * - * 3P^ 

Nitrate of Soda, and the Nitrate Coontiy, IL 
{/ffuHrated.) By the Hon. Ralph Abereromby « . 30S 
i^nlfeoua Variatlibn. ByJLeeter P. Warda .... 3x0 

Scieniifle Serials |io 

Soeietiu and Aouiamies * 311 

Robkii Pampfaieti, and Seiiala Reoaived « « « ^ * gts 



NATURE 


THURSDAY, AUGUST i, 1889^ 


MICROSCOPICAL MINERALOGY. 
Pttr&graphical Tablts : an Aid to the Microscopical 
Deter^nation of Rockforming Minerals. By Prof. 
H. Rosen btisch. Translated and Edited (with the 
Author's permission) by Dr. F. H. Hatch, of H.M. 
Geological Survey. (London ; Swan Sonnenschein 
and Co., 1889.) 

D r. HATCH has rendered a great service to English- 
speaking students by the preparation of this careful 
translation of Prof. Rosenbusch’s very admirable HUlfs- 
tabellen ziir mikroskopischen Mineralbestimmung in Ge- 
steinen,” which appeared a few months ago. These tables 
may indeed be regarded as an index or summary to thb^same, 
author's invaluable ** Mikroskopische Physiographic der 
petrographisch wichligen Mineralien," the English trans* 
lation of the second edition of which, by Mr. j. P. Iddings, 
was reviewed not long ago in the pages of N/lTURE, The 
two works together supply a want that has long been felt 
by English students - namely, a complete summary of all 
that has been done in the way of making the optical and 
other characters of minerals available as means of recog- 
nizing them when seen in thin sections of rocks under 
the microscope. 

Of the admirably lucid and exhaustive manner in which 
Prof. Rosenbusch, in these works, has compared, ar- 
ranged, and not unfrequently verified the results accumu- 
lated by Zirkel, Tschermak, Von Lautaulx, Fouqu^, 
Michel L^vy, and a host of other observers, who, during 
the last thirty years, have followed up the suggestive 
work of Mr. Sorby, the original founder of the science 
of microscopic petrology, it is not necessary to speak in 
this place. Geologists and mineralogists are alike placed 
under a great debt of gratitude to one whde— besides 
making many original observations of great value him-^ 
self— has so admirably systematized and correlated the 
results obtained by a great number of other independent 
workers ; nor can they forget that Prof. Rosenbusch is 
the founder of the now famous Petrographlcal School of 
Heidelberg, in which many of the foremost investigators 
of this branch of science, now engaged in the study of 
rocks on both sides of the Atlantic, have been so well 
trained. 

The fii^t attempt at the construction Of a series of 
tables, on something like the same lines as those in the 
work before us, was made as long ago as the year 1876, 
by Dr. C. Doelter, of Vienna, a pupil of Prof. Tschermak. 
It was only three years before this that the earliest en- 
deavours to systenMtize the results arrived at by the 
study of rocks, withtbe aid of trans|)eJ^t sections under 
the microscope^ had been given tb;the world in dickers 
Die mikroskopische der Mineralien und 

Gesteine/’ and in RosenbuseVs ^^MikroskopiBche Physio- 
graphie der petrographisch Mr\db^n Mineralien^i the 
former dealing more partfehlii^ ,^Hh various charac- 
teristic peculiarities of the rock^orming minerals, 

as a means by which they they ^ identified in thin 
sections ; the latter aiming at the utHiijttion of die Im- 
portant results arrived at by Des Goiseaux and bis pupils, 
m th^r Important determhiatlona^ of the "optical con- 
Vot. xu—Ha 1051. 


stants ** of minerals, as a basis for the exact diagnosis of 
the constitution of rocks, under the dii^cult conditions 
presented by very thin sections which intersect the 
crystals in varying and unknown directions, poelter's 
tables, appearing after these systematic works, constituted 
a very valuable addition to the scanty petrogntphical 
literature of that day. In this work of Doelter, ” Die 
Bestimmung der petrographisch wichtigeren Mincralien 
durch das Mikroskop; eine Anleitung zur mikroskopischen 
Gestei ns- Analyse," an attempt is made to construct a 
mineralogical key, similar to the “ keys " published with 
certain floras, and so familiar to all students of systematic 
botany. Every mineral observed under the microscope 
was to be submitted to certain optical tests, and then 
relegated to a particular class ; and by the further applica- 
tions of the similar tests new points of distinction were 
to be detected, till at last the species or variety had been 
correctly identified. The process recommended to be 
pursued was, in fact, exactly similar to that which is 
usually followed by chemical students in the work of 
qualitative analysis. 

In 1 88 5, Dr. Eugen Hussak, of Gratz, a pupil of Dr. 
Doelter, published his Anleitung zum Bestimmen der 
Gesteinbildenden Mincralien," in which the same method 
of procedure is illustrated in greater detail, and with the 
assistance of many new facts and methods that had been 
discovered since the publication of Dr. Doelter's tabled 

In 1888, MM. A. Michel Ldvy and A. Lacroix issued 
their very valuable work " Les Min^raux des Roches," in 
which the characters of the rock-forming minerals are 
also exhibited in a series of tables. In this treatise, the 
authors— we think wisely— abandoned the idea of making 
anything like analytical keys for the determination of the 
rock-forming minerals, and arranged the various species 
and varieties simply in alphabetical order. Just as few 
practical botanists or chemists find it necessary to go 
through the whole of the elaborate schemes of research 
contained in the text- books, though these may be of much 
educational value to a beginner, so no student of the 
microscopic character of rocks is called upon to pursue 
the exhaustive method of analysis illustrated in the tables 
of Doelter and Hussak, As a rule, the result of a pre- 
liminary examination of a mineral seen in a tliin section 
is to make it obvious that we are dealing with some one 
out of two or three possible forms ; and what the observer 
most needs for deciding between these, is a statement of 
the characteristic and distinctive peculiarities of every 
species, arranged in such a manner as to facilitate reference 
to them. 

Prof. Rosenbusch, in his fables, comlnnes to some 
extent the methods of his predecessors. The main 
gfouj^g of the rock-fi>rmihg minerals is into (i) ^gly- 
refracting minerals ; (a) doubly-refracting uniaxial 

minerals (there is in unfortunate misprint in Dr. Hatch's 
translation of biaxial " for uniaxial*^ in table ii.^) ; and 
(3) doubly-Tefiracttng biaxial minerals. In each of these 
classes, the several sjpecies or varieties are arranged in 
groups accordi* 3 |g to their general affinities, and irrespec- 
tively of their system of crystaUrzation. Dr. Hatch has 
very wisely supplemented this arrangement by an alpha- 
betical index, and has thus secur^ almost, the ffhme 
facility of reference which is so conspicuous and valuable 
a ibature in the tables of Michel Ldvy and Lacroix. 

P 
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If we compare the several series of tables to which we bole is net less anomalous in its double refraction^ 
have referred, it is impossible to help being struck by the than in some of its other properties. While the differ- 
numerous and important additions which have been made ence between the maximum and minimum indices of 
to our knowledge of this branch of science during the last refraction in alt other forms of hornblende ranges bc- 
decade. Doelter, in 1876, recognized only 64. species or tween o‘02i and 0*028, that of the basaltic hornblende is 
well-marked varieties of minerals as occurring as rock- found to be as high as 0*072 ! Whether this remarkable 
constituents; Hussak, in 18*55, raised this number to and anomalous departure from the typical characters of 
107; Michel L6vy and Lacroix, in 1888, give j6oj and ; an amphibole can be accounted for by the peculiar and 
Kosenbusch, in 1889, no less than 162 rock-forming' somewhat exceptional conditions under which this par- 
types, although none of the opaque minerals are included ; ticuJar variety is found to occur, it is not necessary here 
in these later works. | to discuss. But pctrographical students cannot be loo 

Still more striking is the contrast between the earlier ' frequently reminded that — as the isolation and chemical 
and later works of this class, w’hcn we come to examine analyses of rock constituents have so often proved — the 
the methods employed for the discrimination of the several ' minerals in rocks may present important differences from 
species of minerals. In the two later works, the results those which crystallize out in veins and cavities, and con- 
obtained by the important methods of mineral isolation, 1 stitutc the types ” of our mineralogical collections, 
first discovered and pursued in the famous petrographical j Moreover, even small differences in the proportion of 
laboratory of the College de France, under MM. Fouqin5 ! certain chemical ingredients have been shown again and 
and Michel Ldvy, and the methods of micro-chemical ^ again to exercise a very important influence in modifying 
analysis so well elaborated by Hoficky, Behrens, Streng, ! the values of the so-called optical constants.” 
and other observers are all made use of. Perhaps the I The great interest of the determinations of Michel L^\y 
most important and characteristic new feature in the two 1 and Lacroix, which are adopted in these tables— and 
latest published works will be found in the attempt to j indeed constitute their most novel and striking feature — is 
substitute exact measurements of the double refraction of ! derived from the fact that the observations on which they 
minerals, for vague statements as to the intensity of the | are based were made upon actual roclc-consti'uents, and 
colours which they give with polarized light. It is perhaps i not upon the large crystals, often of exceptional character, 
too early to pronounce upon the applicability and practical 1 which have hitherto been chiefly employed in investiga- 
value of the ingenious contrivances of M. 1'. Bertrand, j tions of this kind A reference to the numbers rcprc’ 
and of M. Michel L 6 yy for determining respectively the | senting the refraction and double-refraction of a*gyrine 
index of refraction and the double refraction in the thin [ among the pyroxenes, and of the several varieties of the 
microscopic sections with which petrographers have to ! epidotes and scapolues, will show that this remarkable 
deal. If, however, the micro-refractotneter and the i case of basaltic hornblende does not by any means stand 
paraUuy /ulflJ thrir promise, it is not too much to hope ' alone. We trust that the valuable contributions to our 
that the methods of discriminating minerals in cleavage- j knowledge of the characteristics of the actual rock-form- 


flakes and thin sections will be as greatly facilitated by 
the exact determination of their refraction and double 
refraction as by the study of their positions of extinction 
or of the optical pktpres which they give with convergent 
polarized light. 

We h6^fe spoken of these tables as being of very great 
service as an index or summary of the excellent “ Physio- 
graphic ” of Prof. Rosenbusch, and, indeed, we think their 
chief value will bs realized when they are thus employed in 
conjunction wdth that important systematic work. In the 


! ing species and varieties of minerals which have l>een 
I made in M. Fouqu<6’4 laboratory, will be greatly added to 
in the future: —for by such researches only can we hope 
that many of the difficulties and anomalies which still 
surround the pursuit of petrological science will in the 
end be removed. 

With the kind co-operation of Prof. Kosenbusch, Dr. 
Hatch has been enabled to bring these tables quite up to 
date and he has fairly earned the thanks of all students 
j of petrography by the careful and thorough manner in 


treatise itself, it has been possible to point out many which he has performed his task. John W. Judd. 


important limitations and qualifications of general state- { 


ments, though these have of course to be frequently omitted 
in the terse indications necessary for the tabular mode of 
presentation. 

An illustration of the caution which ought to be exer- 
cised in applying determinations of the so-called optical 
“ constants ” of species as absolute standards for the 
identification of un'cnowm forms is afforded to us in the 
work before uS. In many basalts, like those of Bohemia, 
there occur large porphyritic crystals of an undoubted j 
atnphibole. It has long been known that this “ basaltic ' 
hornblende” presents' sqme'very anomalous characters, ! 
especially in respect to its pleochroism and absorp- 
tion, as well as to the curious chemical changes which 
it is found in whole or in part to have undergone. 
The important series of determinations of Michel Ldvy; 
and Lacroix, which have been incorporated in these 
lables by Kosenbusch, show that this form of amphi- 


THE INFLUENCE OF SNOW ON THE SOIL 
AND ATMOSPHERE. 

\ Der Kmfluss einer Sekneedetke auf Rodon^ KUma und 
\ Wetter, Von A. Woeikof. Pp. 1- 1 1 5. Geognipkiscke 
Abhandlungen, herausgegeben von Prof Dr. Albrecht 
Penck in Wien, Band HI. Heft 3, pp. 321-435. 
(Wien und OlmiiU: Eduard Hdlzcl, 18^.) 

T N a country such as ours, which lies on the borders of 
a great ocean and a great continent, the protean 
phases of the weather are so greatly determined for us 
causes which operate at a distance from our shores, that 
the influence of any temporary variation in the condition of 
the local surface is comparatively unimportant, and, excep 
locally, perhaps altogether inappreciable. Bui the furthe 
we recede from this border-land and penetrate tothe interior 
of the continent, the more Influential do such temporary- 
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jind local variations become ; and since also, as a rule, 
they are there mare lasting than in our changeable 
climate, and take effect simultaneous y over vast areas of 
country, it becomes an important object of inquiry how 
and to what extent they react on the atmosphere, and 
indirectly affect not only the local weather, but even that 
■of surrounding regions. In the case of a sheet of snow, 
attention was first drawn to this question by Prof. 
Woeikof in 1871, in a paper published in the Transac- 
tions of the Russian Geographical Society, in which he 
•endeavoured to show that as regards certain portions of 
Russia, the spring temperature depends very much on 
the quantity of snow that has fallen in the previous 
winter, a snowy winter, being followed by a cold spring, 
and vice versd. In 1878 he adduced further evidence of 
the effects of snow on the temperature, in 4a notice of the 
weather of December 1877, in the Zeitsrhrift fiir Meteoro- 
and in 18S0 Prof. Hann and Dr. Assrnann, in the 
same periodical, traced the remarkably low temperature 
of Central Europe and the persistent anticyclone which 
lay over that region in December 1879 to the effect of the 
heavy snow that had fallen in the beginning of the month. 
In Northern Europe, where snow had not fallen, the 
temperature was not merely relatively, but absolutely 
higher, and it lay beyond the limits of the anticyebne. 

Meanwhile, in 1877-79, the Indian meteorologists, 
being unacquainted with Prof. VVoeikof’s earlier work, 
had independently arrived at the conclusion that varia- 
tions in the quantity of the winter and spring snowfall 
of the Himalaya exercise an important influence on the 
monsoon rains of the Upper Provinces of India ; the con- 
sequences of an unusually heavy and especially late 
snowfall on the mountains being the persistence of dry 
westerly winds on the plains to the partial exclusion or 
enfeeblement of the rain-bearing summer monsoon ; and 
it was shown that this sequence of land-winds on the 
plains after snow on the mountains is a common recurrent 
feature of the winter and spring months. In consequence, 
for some years past, monthly reports on the state of the 
Himalayan snows in the first six months of the year have 
formed a part of the regular routine of the Indian Meteoro- 
logical Service, and they have afforded important data 
for forecasting the character of the monsoon rains. 

in 1886 a system of snow reporting was adopted 
in Bavaria by Dr. Lang, and as the result of Prof* 
Woeikof's labours, a similar system was established in 
Russia two years later. In India, the system was estab- 
lished under a general order of the Government in April 
1883, country, therefore, and not Bavaria, as 

stated by Prof. Woeikof, has considerable priority in this 
matter. 

In his recent work, referred to at the head of this 
article, Prof. Woeikof sums up the present state of our 
knowledge of the influence of a snow-sheet on the soil, 
clhnate, and weather. The protection of the ground 
against frost, which is afforded by a covering of thick and 
looM snow has long been familiar, and was, indeed, the 
subject of detailed observation by E. and H. Becquerell 
in 1879-80; but additional observations of much value 
are given in evidence on this head, especially an elaborate 
series carried on during two years at the Russian Polar 
station Segastyr, in the Lena delta>jn N, lat. 73* 23'. At 
Ais piece, when the ground is covered with snow during 


more than six months of the year, the temperature of the 
coldest month at r6 metre beneath the ground surface 
was found to be less than i'’ C. below the anntui mea 
temperature of the surface (alternatively snow or soil) 
exposed to the air, while that of the warmest month was 
I5’*4 C. above it. The greater part of this difference of 
the excess and deficiency must be attributed to the non- 
conducting layer of snow and the protection thereby 
afforded against radiation and contact with the cold winds. 

Of the differential cooling effect of a snow-sheet on the 
atmosphere, as compared with that of a bare land surface, 
the systematic evidence hitherto available for a rigorous 
comparison is less extensive than could be desired, owing 
to the fact that, until recently, but very few meteorological 
observatories have recorded the presence or absence of 
snow on the ground. But it fortunately happens that 
one first-class Observatory, that of Upsala, has done so 
for a period of fourteen years, and the discussion of these 
observ.ations forms one of the most interesting and im- 
portant chapters in the book. Comparing month by 
month the mean temperatures of all periods during which 
the ground was under snow with those with an un snowed 
surface, Prof. Woeikof finds that the former are lower in 
November by 4^7, in December by 5"‘i, in January by 6 , 
in Febiuary by 5"**, and in March by 5 ‘2 C., respectively 
equal to 8 ’5, 9 '4, 9 '2, and y '4 F. The effect ofu 

snow-sheet in lowering the temperature of the air, and in 
helping to establish anticyclonic conditions, such as pre- 
vailed over Central Europe in December 1879, appears, 
therefore, to be very consider;) blc. 

In another chapter of the work, Prof. Woeikof applies 
the conclusion thus established to the explanation of cer- 
tain anomalies in the winter temperatures of parts of Asia 
and North America, and shows that tlie lower temperatures 
coincide with the prevalence of snow, and irrs/h 
The most striking instance given is that of the Armenian 
plateau, the mean winter temperature of which, after re- 
duction to sea-level value, would appear to be from 4 ’ to 
7' C. lower than that of the lower parts of the dVans- 
caucasian province to the north and east. On the former, 
the snow lies for four or five months of the year ; on the 
latter there is but little snow, and the mean temperature, 
even of January, is from 2 Mo 4 C. above the freezing- 
point. This exceptional area is well shown on Haim’s 
isothermal chart for the month of January, in the new 
edition of Beighaus's “ Physical Atlas.” 

In discussing the effect of a thick winter snow- sheet 
on springs and rivers, a variation is pointed out, which is 
not without importance in its bearings on some points of 
physical geography. In latitudes where the winter cold 
is sufficient to freeze the ground to a considerable depth, 
if heavy snow falls early in the winter before the cold has 
penetrated deeply below the surface, the protection there- 
by afforded allows the ground to thaw by conduction from 
the lower strata, and the water from the slow melting of 
the basal snowdayer, and much of that whicli is produced 
in the aprirtg thaw^ soaks into the soil and aftbrds a sup- 
ply which maintains the rivers more or less full through the 
succeeding summer. But if, before snow falls, the soil 
has been frosen to a great depth, a rapid thaw setting in 
in the spring floods the, rivers and the surrounding tracts, 
while little or none enters the ground, and but little 
supply is stored up for maintaining the summer flow. 
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In this ihort notice we have been abie to indicate only 
a fbw of the more interesting topics dealt with in Profl 
Woeikofa treatise. The effects of the agent to which he 
has directed attention are undeniable and far-reaching, 
and the publication of his investigations should have the 
result of making the registration of the depth and dura- 
tion of snow a part of the regular work of meteorological 
observatories. Other observations of a more detailed 
character, which he specides in the course of his work, 
are also much needed. H. F. B. 


THE “ CIRCOLO MA TEMA TICO ^ OF PA LERMO. 
Rendiconii del Circoh Matematico di Palermo* (Palermo ; 
Sede del Societa, 1887-89.) 


the smaller not^ dtht of maltm, sO that. H it 

readily seen that the Held at present occupied by the 
** Circle*' is that of pure mathenoatics. 

The naihes of thb majority of the contributors are 
well known by their writihgs in other journals, and their 
work here is in al^ cases interesting, and of a high class. 
A peculiar feature of these volumes which strikes us Is 
the amount of apace devoted to the **Biblioteca mate- 
matica.’* In Vol I!., 336 pages are given up to the usual 
matter of a Society’s Proceedings, and 83 pages to the 
titles of papers, &c., presented to the Society by in- 
dividuals, Of contained in the journals for which the 
£ircoh exchanges its Proceedings. This is a useful piece 
of work, as the circle of exchanges is a large one. We 
wish the junior member every success. 


T he “ Circolo Matematico ” is one of the junior mem- 
bers of the now large family of Mathematical 
Societies. We have before us Tomo I,, which gives an 
account of the proceedings from March 1884 to July iBSy. 
Tomo II. contains like matter for 1888, and of the current 
volume we have three parts, each of which contains an 
account of the proceedings for a period of two months, 
terminating with June last. The first general meeting of 
which there is any record was held on March 20, 18S4, 
and in that year eleven meetings are recorded, and the 
pioceedings published within the narrow limits of thirteen 
pages : it was then the day of small things, and we pre- 
sume the gatherings were confined almost to conversa- 
tional expositions of mathematical problems. With in- 
crease of days came increase of strength, and the first 
volume contains seventy communications from twenty-one 
authors ; of these the only foreign contributors are Messrs. 
£. Catalan, F. Cavatlaro, Hirst, and Schoute. Dr. Hirst’s 
short note Is Sur la congruence Roccella, du troisifeme 
ordre et de la troisi^me classe,” and in it he points out that 
Dr. Roccella’s congruence is a particular case of the Cre- 
monian congruences discussed by him in his memoir On 
Congruences of the third order and class” (L, Math. Soc. 
Proc., vOi. xvi., 1885)* These congruences are also the 
subjects of papers read by Signor Guccia. Amongst the 
longer papers in this volume are : ** Intomo ad alcune 
formole nella teorica dellc funsione Ellittiche,” by Signor 
Albeggianl j “ Sulle superficie delP ordine immerse 
neUo spaiio di n dimension!,” by P. del Peszo ; " Sopra un 
metodo per Cormare le equazioni a derivate parziali, delle 
superficie che ammettono una generatrice di forma cos- 
tante by M. Gebbia ; ** Sopra alcuni sistemi tineari di 
curve pianc algebriche di genere due^^ by V. Martinetti. 

In the second volume there are thirty-nine papers by 
twenty-six authors. The only long papers are 5 “ Intorrto 
alle curve razionali d’ordine n dello spazio a » » i 
dimensibni,” by G. Loria ; “ Sul carattere aritmetico dei 
coefficienti ddle serie che soddisfano ad equazidni 
lineari difierenziali 0 alle difierenze” by S. Pinoherle; 

Sur la marche du cavsdiet,” by C. Jordan. ThtUt papers 
are of no great Ifingth ; the remaining communications 
rarely exceed four or fiife pages. 

The May-J one nuthber of this year contains a Solution 
du pnobl^me de Midfatti,” by M* Lebon, and an ^ £^ade 
d’un d^f^cement partietdier d’una figure de Ibhne insari* 
abfe par des proc^dds dldmentaires et puretnent gdomd- 
triquei/’ by M. Manabeint In selecting papers wb have 
had regard mainly to those Which may be called membim ; 


OC/R BOOK SHELF. ' 

Names and Synonyms of British Plants. By G. Egerton- 
Warburton, B.A. Pp. 160. (London : G. Bdl and 
Son, 1889.) 

This little book is a synonymic catalogue of the British 
flowering plants and vascular Cryptogamia, in which are 
given the names under which the species stand in the 
hat edition of the four standard hand-books, Sowerby’s 
English Botany,’' Hooker’s Student’s Flora,” Bentham’s 
“ Flora ” Babington’s ** Manual,” and in the London 
Catalogue. In a considerable number of cases the five 
difier more or less in the names which they adopt. This 
arises jpartly from the five authors taking a different 
view of specific limits. About two hundred of what Sir 
J. D. Hooker and Dr. Boswell call sub-species are usually 
regarded as species by Babington and as varieties by 
Bentham. The whole series erf genera has lately been 
revised and redescribed by Mr. Bentham and Sir J. D. 
Hooker, and many which have been proposed by other 
authors are now placed as sub-genera or sunk altogether. 
In the preparation of the great Darwin catalogue of 
plants, under the editorship of Mr. B. Daydon Jackson, 
the priority of names has been more systematically 
investigated than has ever been previously attempted, 
and this has led to a great many changes. These are 
embodied in the last edition of the widely-used London 
Catalogue ; but as the new or revised names stand there 
without any explanation, those who wish to use the list 
are often greatly puzzled, and it was a good idea of Mr. 
Warburton to prepare the present synonymic catalog!^ 
It appears to nave been drawn up very carefully, and 
gives a reference to the page or number indicating 
where in each of the five books every species will hi 
found, and in an appendix there is a list of synonyms used 
by older British or Continental authorities. There is also 
a full list of the original authorities for the specific names, 
with the titles and dates of the books and papers in which, 
the plants were originally described. The author omita 
to enumerate in his list two very useful books, the Con* 
spectus " of Nyman, and ** SaJictum Wobumense of 
Forbes. He has failed, and no wonder, to run down 
some of the London Catalogue names of Rubi {ftg, 
echindXUs and lot^ithyrsiRei^^ that refer to long-known 
plants, felly des<:tibed m Babington’s ^'Manual and 
synopsis.” J.GiE 

Geology in Syst^nmFc Notes md Tables for tke Use if 
Teachers and pf Tmght By W. F, G winfldl, 
F.llMet.56«^ f London : and Sbn, 

While we cannot but regaril the di>ef educatldnat 
of suipma^ of M hato of a 

Ulto toose coQtmM m us, as 
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ill ^inilu^ce they ttcerc{$e cn the thought and memory 
ot him who catn|iile» them, yet it is impossible to ignore 
the fiict that, in diese days of many examinations, there 
if a persiinent demand for works of the class. It is well, 
thereftesL tbiu bodes of the hind should be prepared with 
reaeonable intelligence, and with such care against the i 
propagation of glaring and misleading errors as the 
author of this work has certainly shown. It would un- 
doubtedly be better that tbe (eacMers should prepare their ^ 
own lecture-notes, with illustrations derived from per- j 
sonal reading and study ; and no less desirable is it that | 
the taught should make such notes of the ^ts referred : 
to in illustration of the lessons given them, as to be able | 
to recall to their minds the arguments of the teacher, and j 
the principles which he has aimed at enforcing. For | 
teachers and students who are incapable of following this i 
very obvious and d[psirable method, however, notes and 
tables of the kind before us certainly have their use* 
Mr* Gwinnell’s book is happily free from the gross absurdi- 
ties and mistakes so common in many of the books pre- 
pared with the avowed aim of meeting the Wants of those ! 
preparing for examination ; and, for those who must | 
nave a crutch, we may admit that this is a very excellent ' 
one of its kind. We have noticed.a few unfortunate errors, 
such as the statement that granitite contains pink ortho- 
clase, and that graphic granite consists of “ quartz and 
felspar arranged in lines like writing.'' The pretty geo- j 
logical map of Great Britain forming the frontispiece, 
Coo, which has been adopted from a work that appeared 
a good many years ago, exhibits nearly tbe whole of the 
Scottish Highlands as consisting of Lower Silurian rocks. 
On the whole, however, the borne has the merit of being 
accurate and up to date, and the author is entitled to the 
praise of having very carefully selected, arranged, and ^ 
verified the mass of miscellaneous information which he ^ 
has brought together. I 

La Pirio^ Gladare : ^iiudiit principakmeni en France 

et en Suisse. Par A. Falsan. (Paris : Felix Alcan, 

1889) I 

This volume, which is the most recent addition to the ; 
collection of the “ International Scientific Series,” pub- 
lished in the French language, contains a most admirable 
risum^ of facts and opinions bearing upon the Glacial 
period, as illustrated in France and Switzerland. The 
author shows a very extensive acquaintance with the im- 
mense body of literature dealing with glacial questions, 
by English, American, German, and Scandinavian geolo- 
gists ; and very fairly and temperately discusses the bear- 
ings of the numerous theories that have been put forward 
upon the facts observed in France. As tbe references to 
original memoirs are very full and complete, the work 
cannot fail to be of much value to glacialists and geolo^ 
gists in general, while it admirably fulfils its main obicct, 
that of giving an accurate and top'Jiar account ot the 
current knowledge and opinion of geologists upon glacial 
questions, especially adapted to the want of French 
readers* 

Even when compelled to express his dissent from ex- 
treme views upon such questions as the recurrence of 
gkciol periods in past geological times, the induence of 
glaciers in excavating lake basins^ and the existence of 
itma in Tertiary times, M. Falsan clearly states the 
grotinds on which conclusions different from his own 
nave been arrived at by other authors. In his presenta- 
tion of the argmxients for and against the various glacial 
theorit^i his moderation and his fairness are alike 
COCMCUOUS. 

Toe author of this book has taken an active part in the 
important work of preservini^ the most Conspicuous of the 
dna^ukfemscattetedo)rerFrance;dnd numerous sketches 
m Miklers, with thany interesting details edneem- 
these pai^a Two plates, a map 
mrtepsiott of toe French gUclers, and 


a series of sections illustrating the funner dimensions of 
the Rhone Glacier, accompany the work ; but the other 
engravings are wanting in the beauty and finish so o^n 
found in books published in France. The very full table 
of contents does not compensate for the total absence of 
an index to the book. 

Physiological Bia^ams. With an Index. By G. Davies. 

(Edinburgh and London: W. and A* K* Johnston, 18S9 ) 

THHse diagrams are designed for use in schools, and to 
“supply the teacher with a means (by teaching the pupils 
to draw from them) of impressing the form and organs of 
the different parts of the body on :he pupils' minds.” There 
are nine In alt (each 22 X 30) printed in black upon card- 
board, with eyelet holes for hanging purposes. The parts 
are represented in hard outline, each being numbered, in 
accordance with a series of explanatory reproductions in 
miniature, which accompany the “ text,” The whole pro^ 
duction is most feeble. It is only when the author relies 
upon standard works that his diagrams are tolerable, and 
his only really useful sheet (No. 1) is a copy. Seeing that 
much better wall diagrams have long been before the 
public, we are at a loss to see any raison <VHre for these 
poor apologies. We are told that ‘‘ the principal object of 
these drawings is to facilitate the teaching of physiology 
in schools.” So much the worse for the schools ! We 
cannot congratulate cither author or publishers upon 
their venture. The day is past in which anything in 
outline will pass current for an atlas ; and pictorial aids 
to the teaching of elementary physiology, to be of any 
service, must be produced by competent authorities. 

Woolwich Maihetnatical Papers^ 1880-88. Edited by E. 

J. Brooksmith, B.A*, LL.M, (London: Macmillan 

and Co., 18S9.) 

In this book we have a collection of the various papers 
in mathematics prepared during the last eight years to 
test the knowledge of candidates for admission into the 
Royal Military Academy. The subjects are : geometry, 
arithmetic, algebra, plane trigonometry, statics, and dy- 
namics. The volume will prove most useful to those 
who intend entering for these examinations, and will 
also be of service to many teachers in our public and 
private schools. The answers to the examples in the 
various papers are collected together at the end. 


LETTERS TO THE EDITOR. 

[ Tkt Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he tfnde^ake 
to return f or to correspond with the writers rejected 
manuscripts intended for this or any other part of NaTURX. 
No notice is taken of anonymoses communications.] 

Head Growth in Students at the University of Cambridge. 

Under the above heading there appeared in Nature* vol. 
xxxviii. p. 14, an article in which certain very weighty coti- 
clusloai are drawn fretti grounds which I hope to show are 
quite inadequate. These oonclustons are as follow : — 

(i) Although it is pretty well ascertained that in the mossea of 
the population the bmn ceases to grow after the age of 19, or 
even earUer, it is by no means so with University siudenU. 

(3) That men who obtain high honours have had considerably 
Isrm brains than others at the age of 19. 

(3) That they have larger brains than others, but not to the 
same extent, at the age of 25 i in fact, their prwlominance is by 
that time diminished to one-half of what it was. 

(4) Consequently ** high honour" men are presumably, as a 
class, both more prcoJcTous and more gifted throughout than 
others. 

These coskdtisiohs were deduced from mcosuretnents taken m 
tbe following way. The maximum length, width, wd height 
(above a specified plane) of the head are taken in inches and 
depimais of alt inclu Since the quantities lie between 5 and 8 
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each measurement b open to an error of from i ‘3 to 2*0 
tier cent. 

The product of tfaeae tbitee is found, and is supposed propor- 
tional to the orafial capacity. That thb b most imperfectly so 
in individuals is manifest ; but the author hopes that in the 
average of a large number of cases the effeci of the extreme 
varlabilitv of shape of the head may be obliterated. He there- 
fore tabulates the products, using the hrst decimal place, i.c. op 
to four signihcant hgure^. Since the original measurements only 
included two figures, the last two of the four must be inaccurate. 
The product is open to an error of 3 or 4 or even up to 6 per 
cent. Since the probable errov is from 3 to 6 per cent., which 
b nearly the same size as (he di/ferenco between the ** honour 
man^s and jxiU ** man's heads, and also the difference succeed 
to be due to growth, 1 iherefoie hold that there is no eviacnce 
for any of the autbor^s conclusions. 

1 have recently Had a better opportunity of judging the value 
of the statistics, for two of xny friends, who have ^en several 
times measured, have kindly shown me the results. 



1 Width. 

1 Length, j 

Haight. 

j Ptodtict. 

K., June 188S 
„ Nov. „ 

,, X^cc. ,, 

„ Jan, 1889 
,, March ,, 

„ May ,, 

June „ 

58 

5 '9 

5 9 

5-8 

5'! 

58 

S'8 

'’ll 

7 7 

76 

76 

5*6 

5*2 

5‘S 

5*4 
i 5*4 

5*3 

5*5 

250*1 

1 339 3 

249*9 

238 0 

1 2380 

; 3367 

248*8 

1 

Y., Tan. 1888 

5*9 

7*5 ' 

5-6 

247*8 

,, March ,, 

6'o 

7*4 

5 '4 

1 2398 

„ Aug. „ 

6*0 

7*6 

5'S j 

1 250’8 

1 


From the above table it will be seen that (i) in the measure* 
ments of the same individual taken at different times the width 
may vary O'l inch j (2) the length may vary o*a inch ; (3) the 
height may vary O'u inch ; (4) (he above variations are not due 
to head growth, for they are as often negative as positive. 

As anyone would expect who had .seen the inctrunient used, 
the height measurement is most unsatisfactory. Ibe error of 
0'4 inch ia not an isolated case. Yesterday another friend of 
mine, who was measured for the second time, found that his 
height of head had apparently decreased 0 5 inch. 

The protlucts are seen to vary in the first case from 2367 to 
2507, nearly 6 per cent. So far are the figures capable of 
affording good evidence of head growth of either individual, they 
are so inaccurate as noi to make certain whether X. orY. had the 
bigger head. It is quite evident that numbers, each open to an 
error of S or 6 per cent,, cannot, when combined into averages, 
teach us anything about differences as minute as 3 per cent. 

Trinity CpUege. Cambridge, July 16. F. M. T. 


The errors made m measuring the height of the head are cer- 
tainly much larger in the instance given by *‘F, M. T.*’ than 
they should be ; still they do not seem to me Urge enough to 
throw doubt on the Iruih of the general concloiStmtw to which 
Ivc refers. (1) As regards the difference between the means of 
the products” in the high honour and the poll men. Those 
means arc 224 and 257* «od they depend on 25^ and 361 ob- 
servations respectively, which marobers are much (he same as 
16^ and 19^. Therefore the probable errer in the determination 
of each of thesermeans will te equal to the probable error of a 
single '*pro<loot” divided l»y 16 in the one cote and bv 19 in 
the other. I have as }et no data to determine the {>robable error 
of a single “product/* due to faults of measurement alone, 
other than those by “ F- M. T.,” which suggest, though in 
the rudest way, that it is 4jbout :4 units. Accepting Ihls m the 
moment as a basis, the probable error of ihe means of the two 
sets of “products” would be 4 divided by 16 and by 19, eijual, 
say, to i and I resi)ectiveljr. Now, (he chance of an erroy ex- 
ceeding 4 or 5 timc$ the probable error U not worth re^rdiag ; 
Ihorelbre safety, so far as regards the effects of inaecutacy of 
xneasuFement, is practically (0 be found in each mean vtdue 
beyond a rMijge of aboirt l unh. Jo ll» difference! betw^ the 
mean meaauxcs, safety will bo fbtm^ beyond the range 4/.a,rS«jr 


1. 


unhs. But the two vtmfA 224 and ajy differ by as mneh as 
y oTiita It should, However, be remiwk A that the seren obeer- 
vations fall into twO well-marked groii^^ each of whhdi U ymy 
consUieiu within itevlfi but which tilffbr fbom one another by to* 
units. This raises strong auapecioa of some p^ctuiarky ia the 
shape of the head, which caused doubt as io the exact line of 
maximum height, and that one line was followed in three of the 
measurements and another line in the remaining four. (2) As re- 
gards the differenoes between the high honour and the poll meh at 
different ages, the observations at each stagieare, of coarse, tmicl^ 
less numerous than in the sum of all of th«m, still they range in 
all coses but two between 25 (or 5^) and 102 (or say 10^). Ikch 
person must judge for himself, item the diagram that accom- 
panied my little ps^r, how far the run of those differences con- 
firms my conclusions. 1 think they do well enough to give “ an 
approximately trne ” idea of what we should find if we had the 
opportunity of discussing a much larger number of observations, 
and this was all that 1 claimed. 

The remarks of “ F. M. T," lead to two useful deductions. 
One is the desirability of checking, as soon as miy he, the 
conclusions already reached, by discussing the observations that 
have ^lnce accumulated. The other is to improve, if possible, 
the method of measuring the height of head. The existing plan 
was adopted, after consultation with many competent persons,, 
and many (rials, as the best then available for making this very 
difficult measurement. I have, however, never ventured to 
introduce its use in my laboratory at South Kensington. 

Fkancis Galton. 


Intermittent Senantions. 

Ik tt short notice in Natuae of May 23 (p. S6), calling attention 
to the inteimfitence of the intensity (^some sensations, and more 
particularly to the experience of M. Couetoux as reported in the 
the writer very properly rcroarUfi, that these 
sensorial fluctuations deserve more tboiough study. It may 
interest him, therefore, to learn that the interrupted senaiUiUty 
of the retina can be easily demonstrated, to anyone possessed 
of binocular vision. 

Someytars ago, on converging the eyes, so as to fuse the 
images cS tw^o squares, each square being composed of parallel 
lines I mm. broad with an equal interval between (hem, and the 
lines in one square being perpendicular to those of the others, I 
was astonibhed to find ihal instead of squares, which ought to 
have resulted from the perfect fusion of the two images, the field 
was occupied by a senes of zig zags, composed of portions of 
straight lines of each square, passing across the field sometimei 
from right to left, someiinies the contrary W'ay, and too com* 
plex and transitory to admit of analysis. 

Since your notice, while experimenting with my students aiih 
a Stereoscope, we have obtained ibe same result in every case. 
But, in order to determine the rate of intermliicnce, the attention 
was fixed on a small maik made in the centre of one of the 
squares. 

7'his mark waa found, on an average of a number of expetd- 
meats by different individuals, to be visible, with its ocoom* 
1 anying lines, for from 6 to S seconds, and then completely 
exti^^igmsbed ; and the linea of the other sguane, appearing for 
an equal interval of time, thus completed the cycle of activhy 
and rest in from 12 to 16 seconds, 

On covering the eye not directed to the mork^ this poUU Was 
never entirely lost sight of, bdt went through a aeries of changes 
of brightness and degradation of the sensorial imjireasion, corre- 
a|M>ndtng m time with those of the prevloaa experiment. 

These experimems seem to show that the impression 1$ not 
equally mtense, at the same Instaol, over the surface of each 
retina, but occupies successive area$, in somewhat Irregular 
patches, which appear to be supplemented the other rethm 
in binocular vjsH»n Ills probably due to this that the 
feet images of objects fonned on the retina ate conreciad* oAid 
our |>ercei>tions inade mpne accurate than they would be if 
sejisations were not Intermittent. '1 moMAS Hut*. 

n Etxntiank Street, Glasgow. 


The Aurora* * 

Tna Aurbra io the Unhea States Is rarely ae«h at a 
staihmior two It^is in stvccessiofu W is uaually reported^ 
stattcol r krbout M diys at eheih^ 
B^aeumhce at ^ htMy days k ^ 
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tHtdnu[ ^888 t^ere were fl^hteen irtstences of thh, in whkh the 
lie^nnin^of the Atten<f»nt magnetic perturbations, as shown by 
the ifl^re^anlinjg onvgA^ograph, were so abrupt that it was 
po by this means to determine the tiine of the revolution of 
thteon, the average perimlthos lound being twenty^six days and 
ei^t hohia. 

This behaviour of auroras and magnetic storm<i indicates that 
any solar disturb anoe which may originate them has this power 
during a limited portion only of its transit acro<s3 the earthward 
aide of the sum From April 1S86 to April i8B9inclu>ive, there 
were in this country i$8 such characteristic outbreaks of the 
aurora. In twenty-six, observations were tacking ; but in the re^ 
maining tda* in every instance, bright faculm with or without 
dark spots are known to have been located upon the sun’s eastern 
limb appearing by rotation. In those instances in which a 
disturbance ai>pearing by rotation failed to originate an aurora, 
there was, as a rule, an inqirease in tlie Dumber of stations report- 
ing thunderstorms, indeed, at such times there was always an 
increase of thunderstorms, although the aurora when at its height 
not unfrequenlly seemed to take their place, causing a temporary 
decrease. From this it follows that the appearance upon the 
sun by rout ion of spots or faculm is a condition upon which the 
appearance of the aurora or increase of thunderstorms to some 
extent depends. M. A. Veeder. 

Lyons, New York, July 17. 

Do Animals Count ? 

HA.V1N0 studied Sir J. Lubbock’s interesting book, I remem- 
bered a fact observed by me, which, though it U not conclusive, 
seems worth mentionin'^. I was amrsed some years ago to 
observe the feeding of the young in a sparrow -house near 
an upper window of my house. The old sparrow ali{»hted 
upon the small veran la of the sparrow-house with four living 
cankerworms in hiw beak. Then the four young ones put out 
their head**, with the customary noise, and were fed each 
with a caterpillur. The sparrow went off, and returned after 
a while again With four living cankerworms in his beak, which 
were dlspoH€d of in the same manner. I was so interested and 
pleased with the process that I watched it for some time and 
during (he following days. 

A met which I have not seen noticed here in the extensive 
aparrow literature, is that for a number of years sparrows begin to 
build riests of dry grass and hay at the top of hrgh tree<. The 
first I saw were large irregular balls placed on the tripod of 
twigs. The entrance was on the inner side near ihc lower end 
of the balls. Last year, t observed another form of the nests, 
A strong rope formed of dry grass, as thick as a man’s wrist and 
as long as the foreann, is fastened only with the upper end 
to strong branches at the top of high trees. The rope'jt end 
has a rather large ovoid shape with the entrance to the inside 
near the end. Of such nests I saw last winter about a dozen 
on the elms here in Main Street, near the College grounds, 
and similar ones in I'utnam Avenue and other streets, A Iqng 
nole near my house strongly covered by a vine < Cclojfno scaHtf^Hs) 
bad such a nest for three yenri*, used every year. 

In Ihc sparrow-houses around my lodging the sparrows stay 
throughout the v inter ; commonly one male and three females 
in every house, till in spring the superfluous females are turned 
out. H. A. Hagek. 

Museum of Comparative Zoology, Cambridge, Mass., 

July is. 


The of the Sun-fish. 

fiset that (he sun-fish'’ 6f American lakes and 
ctresms prepares a place fo^ the deposit of its eggs and guards 
tbeihtil] hatched U widely known. Certainly islms long been 
k^wnaod is recorded in all recent American Works on fishes. 
The fimjt detailed ttatgment of its nidifichtion I know of was 
pabhbhed by J)r. J<?hh D, Godman, Ih his '^Rambles of a 
IfMWaliw/' about 1830, and is , i;cprinted with the third and 
attecMhair editions of his ^^Am«ricWt Namral History,” 


fwH aoconbl of its ncst-butldiOg and care of the 


D wilh llJ^tittiOdicwi, by tnh late Prof. L* 

I 'ih Froceedtn^ of £hh Afwioan Aendemyof Arts 
Wtoeafvbl. n|. pp^ 1857)* the afioomits of 

, Akawsja^ a* and otweews^ , 

10 rMi#ed ioFfATtrilR (June ay, | 


p. 202). The sun-fish, generally at least, simply clears a sub- 
circular area whose diameter is usually al>out two or three times 
iU own length, and therein the female deposits her eggs. It 
has generally been assumed that she alone or she and ihe male 
in turn guards the nesf. The idea, however. Is only the result 
of analogy from the observation of the higher vertebrates. It is 
quite likely that the male fish is usually the guardian of the nest, 
as in the case of the Gasterosteids, Cichlids, and Silutids. 

It should he added that the American sun- fish, although called 
in some places roach and bream, is not at all related to the 
English fishes so named, but is the representative of a family 
{CentrarcAiiia) peculiar to and quite characteristic of North 
America. This family is exemplified by about forty species, 
referred to ten or eleven genera. The only species observed in 
Ihe Adirondack region is the Eupomotis gibbosut^ generally 
known to European naturalists as Pomatis vulgaris or auritus. 
The family is closely related to the Percids, and is io(le?d 
considered to form a part of the latter by many naturalists, and 
has nothing to do with the Cyprinids, to which the roach and 
bream belong. Tkeo, Gill. 

Washington, July 17. 

Centrifugal Force and D'Alembert’a Principle. 

I i^ree So cordially with the greater part of Prof. Minch in's 
address to the Association for the Improvement of Geometrical 
Teaching, delivered on January 19, 18S9, and reported in 
Nature of June 6, p. 126, that 1 feel the more induced to 
enter a protest against his remarks on the subject of centri- 
fugal force.” 

I admit that the name is not well chosen, and is often mis- 
understood, but I contend that we want a name for certain forpes 
which are now called centrifugai, and which, until a better name 
be suggested, wq can do no better than to continue to call by 
that name. 

If a train, j'mssing round a curve at too great a rate, tears the 
rails from the 8lccp.:rs, we want a name for the force producing 
this effect. When a train, running over a horizontal girder 
bridge, produces a deflection greater than that due to its weight, 
we want a name for the force producing this extra strain. 

The popular mi-take is in regarding centrifugal force as a force 
imparted fo a body whose motion U being deficctetl, instead of 
being imparted b)f such a body. 

When a wet mop is tnindlctl, for example, the water does not 
fly from it owing to centrifugal force, but owing to want of 
sufficient centrii^tal force to keep it back. 

Prof. Minchin says ”lf we imagine n stone to be attached 
lo an clastic string, one end of which is tie<l to the hand, while 
ihe stone is projected vertically upwards, the hand would ex- 
perience an tipitrarJ ytwW, Are wc thence to conclude that the 
stone is continually acted on by nn uptaarU force ? ” 

From this illusfruli jn Prof. Minchin obviously objects lo the 
term “centrifugal force” as weaning a force imparted A> the 
body whose nioiion is being deflected. In this he is certainly 
right, but this is no objection against its legitimate use as a force 
imparted by such a body. 

Clerk Maxwell (*‘ Matter and Motion,” p. 97), says that “ in 
some popular treaibes oentripctal and centrifugal forces are de- 
scril>cd as opposing and balancing each other. But they arj 
merely different aspects of the sane stress.” Ju.st so. But 
because two classes of forces are different aspects of the same 
stress, why, if sufficiently common and important, should they 
not have disiinctive names given them ? ^ 

Wliat I understand by cemrifugal force is the reaction against 
a force deflecting a body’s motion. 

Knowing the object imw which have been raised to the use of 
the term centrifugal as denoting such forces, I have endeavoured 
to find some dn^hjectlonaMc equivalent for it. For r nfripetai 
for^^e (which, strangely enough, is not generally objected to), I 
have found what seems to me a fair equivalent, \\t. varmai font, 
defining force as when it produces deflection only, anti 

tangim(ial)ffkcn h produces change of rate only, but I have never 
bevn, able lo find a better name than centrifugal for the reaction 
against nortnal fortes. 

-Prof. Minchin tmeea hack what he consideirs to be the 
“ fatkev '• of ocHtrifttgwl force to D’ Alembcix’s principle, to which 
he objects as “ unnatural and unnooeMary.” I do not think he 
will get many to agree s*ith him in this view. The hypothetical 
reversal of the nssnUant form in D’Alembert’s principle maybe 
unnecessary Sn the sense that we can do without it ; but as it 
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cAitbles til to Avoid the coniidtnttioti of those changes in forces 
which are fimctioDi of thepdfeitioniof their points of application^ 
it is to be regasied rather aS an Ingenious device, unneceMarv 
perhaps now Uiat we have learned to disUnguish power from work 
— that is, the duxion from the fluent — but very useful when the 
ideas of power and work were confused together, as until lately 
they have been# At present it would peihaps bo better to 
enunciate D’Alembert’s principle as follows ; — 

" The algebraical sum of the powers of the external forces 
of a passive system is equal to the sum of the powers of the 
resultant forces.” A fastive syttem^ for any motion, Iseing 
deSned as " one the sum of the powers of whose initrnal forces 
for that motion, is rero.” F. Guthrie. 

South African College, July 2. 


“The Theorem of the Bride/’ 

Dr. Allman would be doing a service if he could trace the 
0n^in of this term {see Nature, July 25, p. 299). Its occur- 
rence in the “Scholia” carries its use back to an early date, 
but hardly far enough. K. T, 


RECENT RESEARCHES INTO THE ORIGIN 
AND AGE OF THE HIGHLANDS OF SCOT- 
LAND AND THE H'ESr OF IRELAND,^ 

II. 

III . — The Silurian Penod. 

A FTER the long interval of time represented by the 
elevation of the red sandstones into dry land^ and 
their entire removal from some places by denudation, the 
north-west of Sc<!)^and, and probably a large tract lying ' 
around it, sank under the sea. The depression seems to ] 
have been slow and gradual, and to have continued until | 
the site of the Cambrian basins and of the surrounding I 
region w’as covered with a considerable depth of clear | 
open sea- water. The records of this subsidence are con- I 
Uined in a series of strata having: a total thickness of I 
somewhere about aooo feet, and divisible into two chief I 
groups — a Lower, composed of quartzites, grits, and thin 
conglomerate, about 500 feet in total depth, and an 
Upper, consisting almost wholly of limestone. Perhaps 
the most striking feature in this series of stratified rocks 
is the abundance of their organic remains. The quartz- 
ites are crowded with the tubes formed by sea-worms 
when the material existed as soft white sand on the sea- 
bottom. The limestones are made up of the remains of 
calcareous organisms, among which the most conspicu- 
ous that now remain are chambered shells and Gostero- 
pods. Throughout these limestones, worm-casts arc 
present almost everywhere, and in such abvmdance as to 
show, as Mr. Peach has pointed out, that ** nearly every , 
particle of the calcareous mud must have passed through 
the intestines of worms.” A large collection xA fossils 
has been made by the Geological Survey from these 
limestones, which, though not yet specifically determined, 
amply confirm the original generalization of Salter, made 
more than thirty years ago, that the aspect or facies of j 
organic remains in the limestones of the north-west of 
Scotland resembles that of the older parts of the Lower 
Silurian formations of Canada rather f|Sim that of the 
corresponding rocks in Wales. So iiiisi|( 1 ced *is the re- 
semblance to the American type as to indicate that some 
shore line must Once have stretched across the Kotth 
Atlantic, ih order to aftblrd a platform for the free migra- 
tion of marine life between the two areas. The contrast 
with the Welsh type has been explained by the prohatide 
existence of some bander that sej^rated the sea-bed over 
the north-west of Scotland from that of Southern Scot- 
land, England, and Wales. That such a barrier existed 

> Tlw ttU^y fvening lt«tura ^eHwitdat the 'R^yei Ihetltaticio oa lhh* r* 
by Dr. Aithiblld Gtikie, F.K.S, Cobfiaued from p. ^02, 


is tolerably certain, and I ^all presently reiler to some 
indications of its probable position^ At the same tinie 
it may be open to ouestion whether the Durness Hme^ 
stones can be propem correlated as homotaxial ec^Uiva7 
lents of any Lower Silurian rocks in Wales. My own 
impression Is that they may be older than the oldest 
Arenig rocks, and may be equivalent to some part of the 

Primordial Silurian ” or Cambrian series. This, how- 
ever, is a question that must remain unsettled until a 
thorough critical examination of the fossils has been 
completed. 

The area within which these Silurian quartzites and 
limestones can be certainly recognized forms a narrow 
belt extending for about 1 10 miles along the north-west 
coast of Scotland, from the northern coast of Sutherland 
to the south of the Island of Skye. Throughout that 
extent of ground the rocks exhibit remarkable persistence 
in the character and thickness of their several subdivi- 
sions, whence the inference may legitimately be drawn 
that the area within which they are mow visible forms 
but a small part of the region over which they were 
originally deposited. 

It was claimed by Murchison, and generally conceded 
by geologists, that the quartzites and limestones of the 
north-west pass upward into a younger series of schists, 
representing metamorphosed sedimentary rocks. This 
order of succession appeared to be established by the 
evidence of many clear natural sections along the whole 
tract from Durness to Skye. It was first adopted and 
afterwards opposed by Nicol, who in his later papers 
maintained that the supposed younger schists were 
merely the old or Arch scan gneiss brought up again by 
great faults, and pushed over the younger formations. 
But he failed to account for the striking difierence in 
petrograpbical character between the old gneiss and the 
younger schists, and for the remarkable coincidence be- 
tween the general dip of the latter and that of the Silurian 
stratified rocks on which they seemed to rest conformably. 
During the last ten years, various geologists have renewed 
the investigation of the question, among whom 1 may 
specially mention Dr. Hicks, Prof. Bonney, Dr, Callaway, 
Prof, Lap worth, and the members of the Geological Sur- 
vey, particularly Messrs. Peach, Horne, and Clough. The 
j result of their labours has been, in the first place, the 
1 discovery of one of the most complicated pieces of geo- 
I logical structure at present known in any country ; in the 
! second place, the abandonment of all further controversy, 

I and the attainment of complete harmony regarding the 
I order of geological succession in the North-West 
Highlands. 

Murchison's view that there is a regular upward poo- 
sage from the quartzites and limestones into the upper 
schists is proved to lie erroneous, while Nicol’s contention 
that the old gneiss is brought up again above the Silurian 
rocks is found to be, so far, correct. But the structure is 
now seen to be infinitely more complex than Nicol ima- 
gined, while, on the other hand, Murchison’s belief that 
the younger schists were evidence of a gigantic meta- 
morphism later than Lower Silurian time is undoubtedly 
true, though in a sense very difierent firom that in which 
he looked at the question. 

Nowhere in the North-West Highlands can any rock be 
seen resting in its original and natural position above rite 
lltneatOnts. The highest limestone of Durpess is the 
youngest rock of that region about the gedogicat position 
of which there is any certainty. At present we know 
absolutely noihiftg of oriier sedimentary strata which 
folloa^ that limeaeonb. That such strata continued to 
be deposited is for the changes which the 

zites and lithegtbnes have undet|^e could hot hAve 
taken place aa*ve under the pressure of a thick df 
overlying material Bnt tths superincumbent mass 
bnen entirety ^iterai^ iq 
terrestrial movemehts 1 bhVe nhw to ; 
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IVr^Tke Period of the Younger Schists, 

Without entering into details, which are only intelligible 
with the help of a large and sections, and even with 
this aid involve much disquisition of a technical kindi 1 
mav briedy say that after the deposition of the limestone 
and of thd missing strata, whatever these may have been, 
which covered them, the whole region was convulsed by 
a series of disturbances, to which there has since been no 
parallel within our boraers. By a series of intermittent 
movements the terrestrial crust, for thousands of feet 
downward, over the North-West Highlands, was fissured 
and pushed bodily westward. The various geological 
formations of that district — Arcbnean, Cambrian, and 
Silurian — were disrupted and driven over each other. 
Thus masses of rock, not more than a few hundred feet 
thick, were piled up so as to appear multiplied tenfold. 
The youngest strata were doubled under the oldest, and 
large slices of the ancient Archaean gneiss were made to 
rest on the Silurian limestones. 

Fortunately the strongly marked characters of the 
different members of the Silurian series, the striking 
contrast between tliem and the Cambrian sandstones and 
Archaean gneiss, and the manner in which alt these 
rocks are now laid bare on coast cliffs and rugged hitl- 
sidcs, have rendered possible the task of unravelling this 
labyrinthine structure. The large maps, on the scale of 
6 inches to a mile, on which this structure has been 
worked out by the Geological Survey, are by far the most 
complicated which the Survey has yet produced ; indeed, 
1 am not aware that such mapping has ever before 
been attempted. [Some specimens of these maps were 
exhibited.] 

On exposed rock-faces we see a thin group of strata 
repeated again and again by small reversed faults, the 
lower beds being made to rest on the higher till they 
occupy a great breadth of ground, and appear of consider- 
able thickness. Further examination will generally show 
that they have been Jail pushed westwards, and that their 
truncated under ends rest upon a platform of undisturbed 
rock along which they have travelled. We may further 
observe them to be abruptly cut off at a higher level by a 
sharp line, on which perhaps stands another series of 
piled-up beds. This piling up and truncation of the rocks 
IS followed by a still more gigantic displacement. Lower 
and lower portions of the geological series have been tom 
up and thrust westward until at last the Archasan platform 
has given way, and masses of it, many hundreds of feet in 
thickness and many miles in length, have been driven 
over the j^ounger formations. The horizontal distance to 
which this removal has reached can sometimes be shown 
to have amounted to at least ten miles ; perhaps it may 
have been sometimes even greater. 

In studying this complicated system of dislocations we 
soon meet with evidence that the movements were not all 
effected at one time, but that on the contrary they took 
place at intervals, the earlier being disrupted by the later. 
The lines of maximum thrust override those of lesser 
sbte, ahd the most easterly of these lines passes sue- 
cessivcfly across all the others till it rests directly on 
UhmoVM rOcks. The period of terrestrial disturbance 
was pitAably a prolonged one, and this inference is 
strengthened by other evidence to be afterwards 
adduced. 

The direction of movement has been on the whole 
from the easN$outh-east Bordering the west coast of 
Sutherknd and Ross there is a strip of ground about 10 
Ot i5 miles broad and sdpae 90 miles long, in which the 
ixicks hhye nu been displaced. East that strip, along 
a belt of dislocation varying up to five or six miles in 
the disturbances become mcreasiitgly numerous 
sm powerful totrards the interior, until at last a gigantic 
is eneduAtered, above and beyond mich the 
been so crashed and aketed, that ft is for the 


most part no longer jMssible to tell what their original 
character has been. They are now flaggy schists— the 
younger “ quartzose and gneissose flagstones ’’ of Murchi- 
son, the Moine schists " of the Geological Survey. 

The enormous amount of fracturing, displacing, and 
crushing caused by these terrestrial disturbances has 
resulted in the development of regional metamorpbism 
on an extensive scale. Every stage can be traced from a 
sandstone or conglomerate into a perfect schist, and from 
the moat typical coarse Archaean gneiss into a fine 
laminated slate. 

Where the feeblest amount of alteration has taken 

} )lacc, the rock has been merely somewhat crushed, its 
arger civstals or pebbles have been fractured, and the 
separated portions have been re-cemented. A further 
stage is shown where the fine material of the rock has 
been more comminuted and has been drawn out round 
the flattened and elongated crystals or pebbles. The 
latter give way in proportion to their power of resistance. 
The felspars and hornblendes are first left as **eyes,’' 
and then crushed down till they disappear in the general 
matrix. The harder quartz-pebbles of the conglomerates 
have resisted longer ; but they too, in the planes of great 
movement, are found to be pulled out to twice or four 
times their length, or to be flattened out into mere thin 
plates like pennies. One of the most singular proofs of 
this internal movement of the component particles of 
even so obdurate a rock as quartzite is shown by the 
deformation of the worm- tubes. As these tubes come 
within the influence of the movement their vertical 
position changes into an inclined one, and they -be- 
come gradually flatter and more drawn out, till at last, 
before they cease to be traceable, they appear as mere 
long ribbons on the surface of the rock, which then 
becomes a quartz-schist. Along the planes of intense 
crushing the original structure of a rock is entirely effaced, 
its crystals or grains are ground into fragments, and it 
acquires a streaked laminated structure like a shale or 
slate. 

But for the most part, concomitant with the mechanical 
destruction of the various rocks, there has been a chemical 
and mineralogicai re-arrangement of their particles. Out 
of their broken-down materials new minerals have 
crystallized, and this process of reconstruction has, in 
the most thoroughly altered masses, proceeded so far 
that the whole new structure is now crystalline. In tiiis 
manner, mica, quartz, felspar, hornblende, and other 
minerals, have been developed, and have arranged them- 
selves along the lines of movement in the crusned rock. 
7'hese lines, approximating to the surfaces of the great 
thrust-planes, may be utterly discordant frorn the 
structure-lines, such as those of foliation or bedding, in 
the original mass. Rocks of this character are true schists, 
and I know of no internal or external signs by which, 
apart from field-evidence, they are to be distinguished 
from Archaean schists, as to the derivation of which we can 
only guess, and which, therefore, must in the meantime be 
considered as original rocks. 

By the aid of the microscope, much assistance is 
obtained in tracing out the mineral transformations which 
have taken place in the course of this regional meta- 
morphism. To show the larger features of the change, so 
far as they can be judged of in hand-specimens, I exhibit 
on the table -A series of pieces of the cm shed gneiss, 
quartzite, and Conglomerate ; and to illustrate the internal 
changes I show a selection of slides on the screen, photo- 
graphed frbm thin slices of the rocks as seen under the 
microscope. 

The importance of the discovery of this belt of extreme 
complication in the North-West Highlands can hardly be 
over-estimated, It gives us the key to the geological 
structure, not dhly of the Highlands, but of all the areas 
of younger crystalline schists in our own area, and will 
doubtless be found to explain much in the geological 
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fiWfttcture of ScandinavMi, The Hoos of maximum thrutt- 
^^Anoes oan he followed for loo miles^ from the north of 
^ucberiasid into Skye ; hut this is only a smali part of 
nheir extent, fhey can be picked up again in the west 
«of Mayo and Uon^al, a total distance of some 400 miles* 
That similar lines of movement have affected Scandinavia 
and produced the distinctive strike of the rocks there can 
hardly be doubted, so that the total length of disturbed 
country in North-Western Europe probably exceeds 1600 
milesi trending in a general north-north east direction. 
How far the influence of the great terrestrial move- 
snents extended eastwards from what now appears as 
the belt of maximum disturbance, and what effect it 
had upon the conjiguration of the surface, are questions 
to which as yet no satisfactory answer can be given. 
It is difficult to suppose that such colossal displacemer ts 
and fractures of the crust should not have powerfully 
afilected the superheial topography of the time. They 
may have produced a high mounCain range, or a succes- 
sion of parallel ranges, extending along the north-west of 
Europe. The existence of some such mass of land is 
needed to account for the vast piles of sediment of which 
the Palaeoroic, Secondary, and Tertiary formations have 
been built up. So great, however, is the antiquity of tltese 
terrestrial movements, so continual and gngantic has 
been the denudation, and so repeated have been the 
oscillations of level, that the upheaved land has been 
reduced to the fragments that now form tlw Highlands 
<and Islands of the west of IrelamJ, of Scotland, and of 
Scandinavia. 

Jt is quite clear that during the disturbances in the 
north-west region the main thrust came from the east- 
ward. It will be interesting to discover how far towards 
the east these disturbances affected the structure of the 
rocks beneath. That it reached across the whole breadth 
of the Scottish Highlands— tlwit is, for a distance of 100 
to 130 miles — can be conclusively proved. That it ex- 
tei^ded much further, and embraced within its area the 
whole of the Silurian regions of the three kingdoms can, 

1 think, be shown to be highly probable. 

To understand this part of the problem it is necessary 
to consider the atruclure of the ground immediately to ! 
the cast of the belt of extreme complication in tlie North- 
West Highlands. Thavc said that the displacements and j 
metamorphism increased in intensity from west to east, 
until at last, by a final gigantic thrust, a series of recon- 
structed ftfchists has been driven over rocks whose origin 
can still be .determined. Among these eastern schists it 
is occasionally possible to detect more or less reliable 
traces of the original rocks out of the crushing down of 
which they have been formed. Thus we find in the 
northern part of the area slices of Archa:an aivd eruptive 
rocks, and in the south an mcreasing amount of material 
which has been derived from the destruction of the red 
Cambrian sandstones. It is tolerably evident that in the 
broad band of country which extends from the bek of 
eompltcaition eastwards to the Moray Firth and the line 
of the Great Glen, and embraces the mountainoue tracts 
of Sutherland, Ross, Western Inverness-shire, and North- 
Western Argyllshire, the lower parts of the gcologkai 
record are repeated apin and again. Itismmnlythe 
Archaean platform, with its covering of Caitjbnah sand- 
stones, and possibly the lower parts of the Silurian series, 
which have been broken up, plicated, crashed, and con- 
verted into the series of crystalline schists that form the 
picturesque heights of Ben Hope and Ben KlRiric south- 
ward to the Moidart and* Mbrven. Nevenhetoft, when 
this wild tract of country comes to be mapped out In 
detail, there will probably be found intercalati^ hands of 
higher formations which have here and there been caught 
in folds of the lower rocks. 

But when we pass eaetwaeds from the Great Glen into 
the mountains of Eastern Inverness-'shire, PerthaMref 
hpd the South-Western Midlands, we encounter a (ofhHy 


different series of rocks. Though greatly pHcated, dis- 
located, crushed, and metamor^osed, these rocks can 
be recognized as uaquescioiiabfy, in the main, of sedi- 
mentary origin. They must be many thousanas of feet 
in thickness, including among their members such rocks 
as conglomerate, pebbly grit, quartaite^ black slate, anda- 
lusite slate, phyllUe, mica-schist, dne fiaggy gneiss, and 
limestone, together with intrusive sheets and bosses of 
various eruptive rocks. Some of the groups of this series 
can be followed and mapped for long distances with 
nearly as much ease as the ntembers of a succession of 
unaltered Palasozuic or Secondary formations. There is 
a belt of limestone, for example, which has been traced 
by the Geolo^cal Survey almost continuously from the 
coast of Banffshire to the west of Argyllshire, through 
the very heart of the Highlands— a total distance of not 
much less than 200 miles. These Htnestones have for 
the most part become so thoroughly crystalHite, that 
fossils can hardly be expected to ^ found in them, 
though there arc occasional less altered portions of rock 
which may eventually prove to be fossiliferous. The 
limestones are associated with quartzites and schists, as 
unaltered limestones are with sandstones aud shales. I 
cannot myself doubt that they have been formed by the 
^gfegation of the remains of calcareous organisms. 
Tne same rocks are prolonged into the north of Ireland, 
where one of the dark Umestenes at Culdaff has lately 
yielded certain bodies which some palaeontologists have 
declared to be the remains of a coral The 

black slates which so closely resemble the dark Carbona- 
ceous shales of the Lower Silurian region of South Scot- 
land have afforded in Donegal some curious pyritous 
markings, strongly suggestive of GraptoUtes. 

Out of this enormous mass of metamorphosed sedi- 
mentary strata the Scottish Highlands east of the Great 
Glen are built up, as well as the region which extends 
southwards across the north-wed of Ireland as far as the 
centre of County Galway. The first question that re- 
quires an answer with regard to it has reference to its 
relation to the fossil iferous quartzites and limestorres of 
the north-west. Murchison, who led the way in the in- 
vestigation of the stratigraphy of the Highlands, believed 
that the quartzites and limestones of the Central High- 
lands lay towards the base of the whole series of |wst- 
Cambrian rocks, and were the south-eastward extenaiona 
of those of Sutherland, But recent investigations throw 
some doubt on this view, which at the time it was pro- 
mulgated seemed so natural and simple. We know that 
the quartzites and limestones of the Central Highl^ds, 
so far from being near the bottom of the vast series of 
schitfts, are underlain by many thousand feet of other 
metamorphosed sedimentary strata, and that the actual 
base is nowhere reached in that region. 

During the last two years^ in concert with some of my 
col leagues of the Geological Survey, 1 have devoted some 
time to the task of ende ivouring to find the bottom of 
these crystalline schists of SccHland and Ireland, as a 
necessary fbendadon for piacing them on their true geo- 
logical horizon, and at length, this spring, our efforts have 
b^n successful bOTond our expeCtatiotis. Last year, in 
the north-west of the Isknd of Islay, I found a group Of 
scarcely altered shales, grits, and thin limestottea epierg^ 
ing from beneath the bkek slates which tmdef Ife the 
schists, limestones, and ^arUites of that region. $0* 
little have these strata sunered from the tnetamorpMsm 
which has affected tht rocks lying above afld to tho 
of them, that I quke anticipate that fossils will bO^fbuOd 
in them. This year, in company, with hir. C. T. Clough, 

2 came upon a sonfe^at ahntlar ^roup of 
morphesed black slttes ahd grits sA the novth^st end w 
thp Island ^ loniL 1 am hopeful that tifese strain wUl 
yield fossirls ; 1 myself found in them short hlni# 

liirmef which at once reenUed tht and cartdkkm of 
the fragments Of ooatfal ybdd ol QmptolkeB ^b^ 
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manly met with in the bhick shales of the Southern 
Uplands of Scotland. The discovery of recognizable 
in these strata would fix the geological a^e of the 
fx»cka of the Central Highlands and of the north-west of 
Ireland. 

An fikterestihg fbattire about these slates of Iona is that 
they He at the very bottom of the series of younger 
schists. Immediately under them are a coarse grit 
(arkose) and conglomerate! formed out of the Archaean 
gneiss^ which comes out in great force from underneath 
them^and forms the main part of the island.^ The uprise 
of an axis of the old gneiss so far to the east of the line 
of great complication, and at the base of the vast sedi- 
mentary masses of (he Central Highlands, is a fact of 
great importance. We seem to find here a fragment of 
the old barrier which separated the American province 
in which the Durness -limestones were deposited, from 
the area of Western and Central Europe in which the 
other Silurian formations of Britain were laid down. 


Prolongations of the same ridge towards the north-east 
are possibly to be traced even as far as the mountains 
between the head of the Rivers Nairn and Findhorn, 
where some of my colleagues think that there is probably 
another core of the Archas^m gneiss. 

The search for a base to the same great series of schists 
as they arc developed in the north-west of Ireland has 
been equally successful Along the west of County Mayo, 
Archa?an gneiss has been recognized by us,* exhibiting 
the typical characters of the same rock in the north-west 
of Scotland. In Achill Island wc found the base of- the 
quartzite and schist series in the form of a coarse quartz- 
conglomerate resting on the gneiss. Hut all these rocks 
have come within the influence of the intense regional 
metamorphism. The conglomerate in particular has had 
its quartz-pebbles pulled out in the direction of move- 
ment, and its paste has been converted into a fine kind 
of gneiss. 

Having thus traced an original westward boundary to 
the younger crystalline schists of Ireland and Scotland, I 
saw that it would be important to follow their eastern 
boundary as far as it had not been concealed by later 
formations. In Galway wc found that the quartzites, 
limestones, and schists arc succeeded to the south by the 
large area of Archman gneiss already referred to. But 
the boundary between tnc two groups of rock is one of 
extreme complication, somewhat like that of the North- 
We^ Highlands. Alon^ a line running east and^west 
through the heart of this county from Mannin Bay to 
Lough Corrib, the two groups have been so dislocated 
and so thrust between and over each other that much time 
and patience, with the use of large-scale maps, would be 
required to map out their respective areas. But the im- 
portant fact is readily perceptible that in Galway the ^ 
rise of a large Archiean area gives us a southern limit for 
ihe basin in uhich the younger schists of the north-west 
of Ireland were deposited. 

To the east and north -cast of the Galway area the 
country haa been overspread with Old Red Sandstone 
and Carboniferous strata, so that for a long space the 
oMi#r rocks are concealed. Farto the north-easi, in Tyrone, 
oh the soothern borders of the great area of Cryatalline 
whists, a mass of dark homblendit rocks was map^d some 
ytarsago by Mr. Kolan, of the Geological Surveyor 1 reland, 
and refe r red doubtfully to a pre*Ca nbrian age. A more 
recent eioiiriinalten 6f this mass, with the experience 
gdiued over so wide a le^ion amotijg the older crystalline 
rocka, enabled us to identify H .without hesitation as a 
Cbkrecferiailc portfon of the Arch« m jpteiss. It rises as 
k long noriih-eait ridgb alopg the sbuth-eastern m irgin of 
ttie cUdrijric ichl$ts of Londoiiderry which were deposited 
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against and over it. We discovered, moreover, that these 
schists have at their base, resting on the old gneiss, a 
thick volcanic series consisting of amygdaloidal basic 
lavas, tuffs, and coarse volcanic agglomerates. *The 
green chloritic material of the schists, not improbably re^ 
presents the original magnesian silicates in the finer 
volcanic dust that mingled with the ordinary sediment o£ 
the sea- bottom. 

From the evidence now adduced, it is, I think, manifest 
that the crystalline schists of the Scottish Highlands east 
of the Great Glen, as well as their continuarion into the 
north-west of Ireland, cannot be regarded as merely the 
equivalents of the quartzites and limestones of Sutherland 
and Ross. They arc enormously thicker and more varied 
in their component members than those north-wenern 
strata. Whether even any part of them represents the 
sedimentary rocks of the north-west seems to me open to 
serious doubt. My own impression is that they are prob- 
ably younger than these rocks, and that they once 
stretched for to the north-west, and covered them to a 
depth of many thousands of feet That the fossiliferous 
strata of the Nor, h- West Highlands were originally buried 
under a thick pile of other sediments I have already 
showrL 

The last question on which I propose to touch is 
the geological date of the extraordinary terrestrial dis- 
turbances to which the crystalline schists of the High- 
lands of Scotland and the north-west of Ireland owe their 
characteristic structures. The limit of its antiquity is 
easily fixed. As these disturbances involve rocks con- 
taining fossils of Lower Silurian age, they must obviouely 
have taken place after some part at least of the Lower 
Silurian period. In Scotlatid their chronological limit in 
the other direction is detemiined by the fact that the con- 
glomerates of the Lower Old Red Sandstone are largely 
composed of the crystalline schists of the Highlands. 
They must consequently have occurred before the de- 
position of some part at least of the Lower Old Red Sand- 
stone. Here, then, is a long geological interval within 
which the gigantic upthrusts and metamorphism began 
and ended. 

But the evidence obtained in Ireland enables us to fill 
up this interval with a little more definiteness. In 
Southern Mayo and Northern Galway, as IVof. Hull has 
painted out, the Upper Silurian rocks rest upon and con- 
tain abundant fragments of the younger crvstalHne schists 
which stretch into these counties from Donegal. And 
the inference has naturally been drawn that the great 
terrestrial disturbances and metamorphism occurred 
before the Upper Silurian period But a recent more 
critical examination of the ground has satisfied me that 
this inference, though to a certain extent correct, does not 
embrace the wlK)le truth. 

Those who have visited Connemara may remember the 
singular group of mountains which hem in the Killary 
fjords, and rise in Mweelrea and its neighbouring ridges 
to a height of more than 2600 feet above the sea that frets 
their base. These massive buttresses of rock owe their 
distinctive forms to the thick beds of coarse grit and con- 
glomerate of which they are in great measure built up. 
An abundant series of fossils proves that this mass of 
deposits is of Upper Silurian age. It is the base of these 
exceedingly coarse sediments which along their southern 
margin can be seen to rest upon the upturned edges of 
the crystalline schists, and to be there largely niade up of 
fragments derived from that metamorphi.^ platform. The 
numerous bands of coarse congItMnerate upon successive 
linrizons serve to indicate considerable terrestrial dis- 
turbance during their deposition. That the coramotioD 
continued ^tcr that time is further shown by the 
remarkable way in which the rocks have been dislocated. 
These Upper Silurian sediments have been broken up 
into large mewmtainoUs blocks which have been thrown 
on end or actually pushed over each other. So violent 
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«f grey^iictK? aiia shale have been intensely cranapled 
ana pnclcete4 and have actuaUy been converted lo^y 
into fine micaceoae schists. 

Hence it sedms tolerably certain that though in the 
west cf Ireland the chi^ plications, fractures, smd 
metamorphism were complete before Upper Silurian 
time, and though a vast interval must have elapsed during 
which the progress of denudation laid bare the younger 
schists, and mereby provided materials for the Upper 
Silurian conglomerates, the terrestrial disturbances never- 
theless continued during the deposition of these con- 
glomerates, and were renewed with increased vigour 
afterwards. 

If we compare the geological structure of the Silurian 
tracts of England, Wales, and the south of Scotland, and 
the east of Ireland, with that of the areas of the younger 
crystalline schists, many points of resemblance will be 
seen to occur between them. Towards the north and 
north-west we find that the Archaean, Cambrian, and 
oldest Silurian rocks, now exposed there by the progess 
of denudation, have been subjected to the intensest 
mechanical deformation, and have assumed the most 
completely schistose structures. Coming southward, we 
trace the younger crystalline schists of the Central High- 
lands and of Donegal thrown into innumerable north-east 
and south-west folds, and becoming less and less meta- 
morphosed as they are followed towards the lower 
grounds. Still farther south the Lower and Upper 
Silurian rocks, plicated, crumpled, and dislocated, repeat 
the familiar structure of the Southern Highlands, but with 
> onlv partial and feeble metamorphism. I am disposed to 
look upon the whole of these structures as the result of 
one great succession of terrestrial movements which 
began and reached their maximum of intensity during 
some part of Lower Silurian time, but which continued to 
repeat themselves at intervals with greater or less vigour 
through a long series of geological ages, down to the 
early part of the Old Red Sandstone period. 

As the consequence of this prolonged disturbance, the 
Archaean and older Palaeozoic rocks have been thrown into 
thojse north-east and south-west folds, which have in large 
part determined the trend of the land in the north-west of 
Europe. The shaping of our mountains into their present 
forms has been brought about by ages of subsequent 
sculpture, in which the agencies employed by Nature have 
operated mainly on the surface, but the carving of their 
features has been guided by the internal structures 
developed by those subterranean movements which we 
have been considering. 


THE ENTIRE SKELETON OF AN ENGLISH 
DINOSAUR, 

S OME years ago an article appeared in the columns of 
this journal (vol. xxviii. p. 439), in which a notice 
was given of the marvellously preserved skeletons of 
Iguanodon from the Wealden deposits of Bemissart, in 
l^lgiuth, sortie of which are now exhibited in the Brus- 
sels Museum of Natural History. In that article the 
author very properly insisted upon the extreme import- 
ance of those specimens from an anatomical point of 
view, as exhibiting the whole of the bones of the skeleton 
in their natural juxtaposition. He was, however, probably 
then unaware (as the undermentioned specimen was not 
at that timfc exhibitefj to the public) that the British 
Museum possessed the ake^ton of an English Dinosaur^ 
which, although of sfxialler size than the Bemissart 
Iguanodoris, belong!? to the same sub-ordinal group, and 
exhibits equally dearly the mutual relations of the com- 
ponent bones* The Elfish skeleton is, indeed, in some 
respects much more satjiwhctory than the Belgian spwi- 
mims, inasmuch as its have not been flattened and 


It <SS9 

— ^ , j : ^ — 

cnidied in the manner which so fodly diefigwies those of 
the latter. Further, the English Dinosaur has on aodi^ 
tional interest in that it is oim of quite the earlier mem* 
l^rs of the group, its geologica] horison being the Lower 
lias of Dorsetshire. 

This spedxnen, as being the only known exampl# td 
the almost entire skeleton of a Dinosaur hrom ErtgUsh 
deposits, is so remarkable as to des^e eapecial attention 
from all those interested in the former inhabitants of our 
islands In the first place, the history of its discovery is 
somewhat curious. Thus, some time previously to 1 86x,Mr. 
J. Harrison, of Charmouth, obtained from Lower Lias 
of that neighbourhood portions of the hind-limb of a 
comparatively large Dinosaur, and, later on, a skull, 
lacking only the extremity of the muzzle. In the year 
mentioned, these specimens were described by Sir Richard 
Owen in the publications of the Palseonto^aphical So- 
ciety, under the name of SetUdosaurus harrisoni; the 
portions of the limb being taken as the type of the genus, 
and the skull referred to a smaller individual of the same 
species. Stimulated by the extreme interest aroused by 
the discovery of this skull, Mr. Harrison continued his 
excavations on the spot where the latter had been ob- 
tained, and was rewarded by finding the whole of 
remainder of the skeleton, with the unfortunate exception 
of most of the vertebra: of the neck. The skeleton was 
extracted in several blocks, and these, after careful ** de- 
velopment ” of the bones, were fitted together so as to 
enable the whole skeleton to be exhibited. 

Until the completion of the Natural History Museum 
at South Kensington, this magnificent skeleton was, how- 
ever, from want of space, never exhibited to public view ; 
and it was not until some three years ago that it was 
properly mounted and placed in its present position, 
where, in a handsome glass case which permits a view of 
both sides, it forms one of the chief treasures of the un- 
rivalled gallery of fossil reptiles in that Museum. The 
bones being all firmly cemented together by matrix, and 
also more or less dislocated out of their normal places, it 
was, however, of course impossible to mount the skeleton 
in its natural position— which was probably a semi-erect 
one ; and it is accordingly now placed with the axis of 
the vertebral column in a horizontal position. As thus 
mounted, the specimen is about li feet in length, but the 
absence of the cervical vertebrie renders it impossible to 
ascertain iu true dimensions, the head being now placed 
much too near to the shoulder- girdle. The skeleton has 
been somewhat dislocated, and twisted over to the right 
side, so that the neural arches and spines of the vertebra^ 
of the back and loins are seen on the right, and the 
under surface of their bodies, or centra, on the left side 
of the specimen. Both hind-limbs are entire, although 
the left one is thrust up by the twist, and has become 
placed near the tail. The haunch-bones (ilia) of the 
pelvis still nearly retain their normal position j and on 
the left side of the specimen we sec the lower extremities 
of the left pubis and ischium lying crossed over the lower 
ends of the corresponding bones of the right side. A 
portion of that part of the pubis which lies in adva^ 
of the acetabulum is visible ; and the post-aeetabdmr 
portions of both the pubis and ischium lie in the dismal 
parallel position which is so characteristic of this groi^i,, 
of Dinosaurs and of the Struthious birds. The left sidif 
of the shoulder-girdle is well preserved, and has tbt 
humerus and. portions of the bones of tne foreignn in 
their original position ; but the bones of the hmls are 
wanting- The dermal scutes, with which the body and 
tail were protected, are seen arranged in longitudinal 
rows, which have, however, been somewhat thrown out 
from their original position. We would especially catt 
the attention of those who niay think it wepth their while 
to visit the Museum, in order to study this unique 
men, to the marveltous presemtion of the 
which permits even the smallest bemes of the toes to 
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exhibited on both s^e$* It may, however, be worth 
the ccmskleration of the authoritm of the Museum, 
whether this skeleton m||^t not be tpore easily under- 
:tftdod by the uninitiated if the various bOnes were labelled 
with thur scientific, and perhaps also with their popular, 
naihes, since it is somewhat puzzling, even to the expert, 
eo name them all at a glance. 

As already mentioned, the skull of the skeleton was 
^gured b;^ Sir R. Owen in 1861, and the acquisition of 
the remainder of the skeleton enabled that eminent 
palseontoiogist to confirm his reference of the skull to 
the genus Scdidosaurus. The body-skeleton formed, 
inde^, the subject of a second memoir published by 
the Palieontographical Society in 1862, with eleven quarto 
plates ; but we venture to say that these illustrations do 
not render justice to the specimen, since they only include 
separate portions. To fully illustrate this unrivalled 
skeleton would, indeed, require a double quarto plate, in 
which the whole specimen should be shown, with the in- 
dividual bones duly labelled ; and a task thus remains 
for some zealous palaeontologist to fulfil. 

The accompanying figure is an attempt at a restoration 
of the skeleton in the natural position of the animal. 


The, presence of a predentary bone In advance of the 
mpndibttlar syinphysts is based on the occurrence of this 
element in Ipidmdon and the allied St€^osaurus; while 
the five digits in the hand are likewise introduced from 
the evidence of the latter genus. 

The importance of this specimen is that it is the only 
English Dinosaur, with the exception of the small Hypn~ 
iofiiodon^ which shows all the bones of the skeleton in 
sition; and although it is of course exceedii^ly easy to 
wise after the event, yet we cannot help thmking that 
this skeleton might have afforded its descnber the oppor- 
tunity of being me first to determine the true nature and 
position of the bones of the pelvis in this group of Dino- 
saurs — a problem which was solved in a paper commu^ 
nicated to the Geological Society in 1876. The two 
parallel bones lying on the inferior aspect of the hinder 
part of the trunk of this specimen, and directed back- 
wandly, could not, indeed, possibly have been taken for 
anything else but the pubis and ischium ; and the re- 
semblance of the latter bone to the problematical os 
citvien,^' or so-called clavicle, of Manteirs imperfect 
skeleton of Iguanodon^ which has for many years been 
in the Museum, might have suggested the homology of 



Apimaximatc tt«tor«tion of the ikeleton of SftUdostatrm Aarrww/. frem the lower Ltae of Charm outh. Greatly reduced, 'fhe vertebral column hat 
been restored from //vwrjHwfew, and the spines and chevivini of the vertebrae are, not improb^ibly, coo long : the ossified tendons are conjectural. 


the two bones. Curiously enough, however, the pubis and 
ischium, which arc certainly the most remarkable bones 
in the whole skeleton, are not figured, and apparently not 
even mentioned, in the original memoir. 

Finally, U may perhaps interest some of our readers 
who do not fallow the ever-changing classifications of the 
p^lasontol^ists, to mention that the genus Scelidosaurus 
type of a family referred by Prof, 0 . C. Marsh to 
Ui i $ub-order St^sauria. Other authorities, however, 
<pnsider that this sub-order is not really separable from 
m Omithopoda of the same writer, which includes the 
Iguanodans. Accepting this emendation, the Ornitbo- 
poda will be a sab-order of DinosauHa, including all 
^OSO 'fiifnis in which the pelvis has a structure com- 
parable to that of the Struthious birds ; while the remain- 
ing members of thatorder may be classed in the sub-order 
Tfieroppda, as represented by and the 

Sanropoda, m represented by Cdt&saurus and 
wwfwajt. Recently, indeed, it has been proposed to 
aMiidt the name I>lnosauria^ and to group the Thero- 
Upda and Sauropoda together under the new name of 
to apply the name Ornithiechia to the 


Omithopoda. The name Dinosauria has, however, be- 
come such a household word, that its suppression cannot 
be admitted ; and if it be eventually found advisable to 
adopt the proposed division of these reptiles into two 
distinct orders, the preferable course would be to restrict 
the name Dinosauria to the so-called Saurischia, since 
Mfgaiosaurus and Cetiosaurns were the forms first men- 
tioned in the original notice of the order in 2 840 ; while 
the earlier names, such as Omithopoda^ might be retained 
for the Second order. In this connection we may, how- 
ever, quote a remark made by an eminent man of science 
at a meeting of the Geological Society, to the effect that 
“ he was inclined to think that the progress of knowledge 
tended rather to break down the lines of demarcation 
between groups supposed to be distinct, than to authorize 
the creation of fresh divisions,” R. L. 

NOTES. 

Wk print jdsewhere (he Technical Instruction Bill introduced 
into the House of Commons last week by Sir W. Hart Dyke. 
The Government is to be congratulated on having presented a 
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meMure which canaM fail to produce an excellent effect on the 
branches of technical education in England. 

Ws regret to have to announce the death of the Rev. J. M. 
Berkeley, the eraifient dryptogamic botanist. 

The Professorship of Civil Engineering and Mechanics in 
the University of Glasgow is likely to be vacant by the resigna- 
tion of Prof. James Thomson, on account of weak health. The 
appointment, which is supposed to be worth about ;f6oo a year, 
is in the gift, of the Crown. 

The eleventh Congress of the Sanitary Institute, which is to 
meet at Worcester from September 14 to 28, wiU be divided 
into three Sections, viz. Section I. Sanitary Science and Pre- 
ventive Medicine; Section II. Engineering and Architecture; 
Section I II. Chemistry, Meteorology, and Geology, Each Section 
will begin its work on a separate day, A Conference of Medical 
Officers of Health will be held during the Congress ; and there 
will be a Health Exhibition in the Skating Kink and special 
additional buildings from September 24 to October 19. This 
Exhibition will include sanitaiy apparatus and appliances, and 
articles for domestic use and economy. 

The International Congress on Hygiene, which is to meet in 
Paris on Sunday, will be attended by nearly 600 members, re- 
presenting twenty- five nationalities. The Paris Correspondent 
of the Times says that the members will be lavishly entertained 
at the Ministry of Public Instruction, at the Ministry of the 
Interior, at the liOlcl de Ville, and by the town of Rheims, 
where they will visit the important works for the treatment of 
sewage. Several European Governments will be officially re- 
presented, notably Belgium, Denmark, Spain, and Turkey. 
Brazil and nearly all the South American Republics send olhcial 
delegates., Prof. Cor field, Mr. Shirley Murphy, Dr. Alfred 
Carpenter, and some other Englishmen interested in sanitary 
questions, propose to attend the meetings. 

The International Congress of Photography will meet in 
Paris from August 6 to 17. I'he rules relating to the proceedings 
of the Congress have been issued. 

The eighth Congress of Rus.sian Naturalists will be opened 
at St. Petersburg on January 7, 1890, and will last a week. 

The Russian Chemical and 1 ‘hysical Society, as we learn from 
its Annual Report, has now 340 members. Its Journal contains 
every year a most valuable index of all that is published in 
Russia in the domain of chemistry and chemical technology. 

The monument erected by the Russian Consul at Kashgar, in 
memory of Adolph Schlaglntweit, is reported to be ready. It 
is in the form of a pyramid with an iron cross on the top, and 
has been erected on the very place where the great German 
traveller was executed by order of the then ruler of Kashgar, 
Vali-khan-tyuria. 

^Oh Thursday last, the new galleries and the new green- 
house of the Museum of Natural History of Paris were formally 
opened by the Minister of Public Instruction, who was accora- 
panied by the Director, Prof. Fr^my, and, among others, by M. 
de Quatrefages, M. Gaiidry, M. Chaaveou, and M* E Blanchard. 
The new gallery is a fine building, three Moi je» high, buflt of 
iron and stone. The collections have already been in part trans- 
ferred to it. The greenhouse is a very ordinary one. Enor- 
mous sttbstructures have been rendered necessary by the fact 
thfU K is on the side of a small hill. 7 he building was begun 
ten years ago, and serves to vlfbot progress has since b«n 
mode in the art of iron -building. 

according, to the Rome Correspondent of the Daily AJrwr, 
the Muoidsiftl Council of Rome has decided to devote h sum of 
money to the formation of a Pasteur Institute. Coitlvdenoe in 
M. I^asteur*s treatment of hydrophobia is increasiiig in Italy, os 
U shown by the fact that little by iUile all the principal towns 


are providing buildings for the treatment of the disease bif 
inoculation. 

Admiral Sir RoBERt SrawcER Robinson, K.C.B., K.R.S.^ 
died at his residence, 61 Eaton Place, on July 27* his eighty- 
first year. He was elected a Fellow of the Royal Society its 
1869. Among his works was a treatise on the steaBt'englno- 
for marine purposes. 

Mr. W. F, H. Blavdford succeeds Mr. A. E. Shipley, 
who has resigned the post of Lecturer on Economic Entomology 
at the Royal Indian Engineering College, Cooper’s Hill, 

At the session of the Council of University College, London* 
on July 6, the title of Emeritus Professor of Engineering and> 
Mechanical Technology was conferred on Prof. A, B. W. 
Kennedy, F.R.S. 

The Association for the Improvement of Geometrical Teach- 
ing has hegnn the formation of a Hbraiy of reference of raothe- 
maticnl text -books. This should increase the usefulness of the 
Association to teachers of mathematics, especially to such os live 
in the neighbourhood of London. The library already contains 
a respectable assortment of works, contributed by various authors 
and publishers. It is, of course, intended chiefly for works 
of recent date, but it contains a loan collection of older works, 
lent by Mr. K. Hocklilfe, of Bedford, among which may be 
mentioned Cocker’s ** Arithmetic,” 'racqviet’s “ Elementa Geo- 
melrice,” and D’Chales’ ” Elements of Euclid,” The library 
is at present under the charge of Mr. C. V. Coates (2 Prince's 
Mansions, Victoria Street), who will be glad to receive dona- 
tions of books, pamphlets, &c., on behalf of the Association, 

In the Report submitted to the general meeting of the Scottish 
Meteorological Society on June 24, the Council state that the 
preparation of No. VI. of the Society’s Journal has been kept 
steadily in pi ogress, and is now in type, and will shortly be 
issued to members. In this niimt>er a fuller account is given 
than heretofore of the storms which strike the Scottish coasts, 
drawn chiefly from the very full and accurate reports of storms 
from the northern lighthouses, 7 ’hesc reports of storms may 
justly be regarded as the fullest accounts of storms made any- 
where in the world by ob'^ervers who record the phenomena 
night and day. The Council are of opinion that k is not possible 
to overrate the importance of these observations of storms in their 
bearing on the discussion of the Ben Nevis observations and the 
weather of North-^^'estern Europe, which, it is proposed, will 
engage the whole time next year of the Secretary and such 
assistance as may be obtained. The photographing cf meteoro- 
logical phenomena continues in progress as opportuniiy offers* 
and at the next meeting of the Society the directors vriUbe In a 
position to show to members a second scries of these interesting; 
and important photographs. This year the snow disappeared 
frjm the summit qf Ben Nevis in the middle of May, beinff 
about a month earlier than any previous year, and seven weeks 
I earlier than in 1885. Shortly thereafter, or in the beguming ai 
\ June, the spring near the Ol>«ervatory dried up; and dunfig 
that month the water supply for the Observatory had to I» 
i carried on horseback, from a distance of two miles and a 
The directors have had under consideration a proposed system^ 
atic observation of the numbers of dust particles in the ikXmo* 
sphere with the instmment recently invemed by Mr* Altken>, one* 
of the directors, and they are of opinion that, for many leoRona^ 
the best place for moat aatisfaotorUy oonduding the obaacvni^nR 
is the Ben Nevis Observatory. Mr* AUken hns kindly #®W «4 
to superintend tlm;c<mstructi on of the iastmmeat, aod toMc^e 
the placing of it in a suitable poshlon, It has been molaad ta 
aiT^y for a grant from the Government Befeatoli Fund 
in this Dovel and important inquiry. M, Maaeait, Blrepinr 
the Meteorological Sendee of France, hag also fcao^vetd^io 
on the same investigation in Parig. v 
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In a telegram from Yokohama, dated July 30, it is stated 
that the town of Kumamoto, on the Isiand of Kiou-Slou, near 
^fl^asaki, had been visited by an earihc^uake, causing great loss 
d life and destruction of property. 

Some detaHs with regard to the recent severe earthquake in 
Turkestan have been received at St. Prtersbut^. Tlie first shock 
ws» felt at Vyernyi at 3.15 a.m. on July 12, Several houses 
"Were damaged and a great number of chimneys were destroyed. 
The same shock was felt at J ark end, Pishpefc, Ala-metlyp, 
Pijevalsk (Kopal), Favlodar, Lepta, ScraipaJatinsk, Kulja, and 
OB the Kashgar frontier. At Prjevidsk, all private houaes on the 
shores of Lake I^yk>kul, as also the bridges, were destroyed ; 
the shores bear many traces of landsliiK!. The shock was so 
severe that people could hardly stand on their feet. At Favlodar 
the direction of the earthquake was from south-west to north- 
cast. At Semipalatihsk, the Irtysh was covered with heavy 
waves, 'I'he whcle of the village MaJovodnoie was destroyed, 
and in the canton of Koram seventeen men were killed. Several 
houses were destroyed in the villages of Zaitsevskoie, Mikhailov- 
skoie, Lugovoic, Janghyy, and Karabulak, as also at Kulja. On 
July 14, ihree shocks were noticed at Jarkcad, at 2, 4, and 
10 p.ui., and they were followed by several feebler shocks on 
«S- 

The master of the AriyrnNua, German mall steamer, which 
arrived at Lisbon from Pernambuco on July 19, reports that 
north of the Cai>e dc Verd Islands heavy cross seas were ex- 
perienced, in which the pitched heavily. Kor four days 

the air was filled with reddish yellow dust, sometimes so thick 
that the sun could scarcely shine through it, and looked quite 
pale, although the sky was cloudless. 

Among donations received at the meeting of the Royal 
Botanic Society on Saturday were seeds from the Parana River 
at Rosario, South America, collected by Mr. C. W. Sower by. 
Mr. Sowerhy announces Ms di&covery of one of the habitats of 
Pmhdtra azurm, a very beautiful floating water-plant, which 
flowered some nine years ago in the Victoria House in the 
Society’s Gardens, and hau since been widely distributed. He 
Mates that masses of the plant were found floating down the 
river, and forming islands of one or two acres in extent, upon one 
of which a puma was seen. 

At the monihly meeting of the Royal Society of Queensland, 
on June 14, Mr. He Vis read a most interesting pai*r on 
PrionodnrA newtoninna (Meston's bower- bird) and Actxnthi%it 
recent additions to the Queensland avifauna. The 
former was minutely described. It was first found by Mr. K. 
Broodbent in the scrubs on the Tally Rivci, but its true habitat 
U now ttscerlaiaed to be the highlands north of Herbcrtqp, 
where it was observed by Mr. A. Meston in ihe course of a 
sfatMt visit to the of Bellenden-Ker, Mr, Meston brought 
down the first skin of a male bird, but not in a condition to 
permit full recognition. Excellent spreimens, male and female, 
were afterwords obtained by Mr, Broadbent near Herberlon. 
Prionodiira is emphatically a bower- bird. Both its observers in 
nature met with ks bowers repeatedly, and agree In representing 
them as of unusual size and structure. The bower is usually built 
on the ground between two trees, or between a tree and a hn^h. 

It is constructed of small sticks and twigs, piled up almost hori- 
zontally round one of the trees, and rising to a height of from 4 
to 6 fetrt. A similar pile alxmt tS inches high is then built 
round the foot of the other tree ; the intervening space is araicd 
over with stems of oltmbing phinis ; tht pHos are decorated with 
white moss, and the arch with moss interspersed with bunches 
of fimlt resembling wild grapes. The birds, young and old, 
male tind female, play merrily under and over the archway, 
tlm wnplefcion of the mawive bower so laboriously attained is 
pot ;iufticient to satisfy the architectural impulse of the bird, for 


scattered Immediatdy around are numbers of dwarf hut -like 
structures — gunyahs they are called by Mr. Broadbent, who 
remarks that they give the spot exactly the appearance of a 
blacks' camp in oiiaialure. 

The current numlx'r (vol. iii. No. 4) of the Journal of the 
Bombay Natural History Society contains a paper by Lieut. 
Barnes, on nesting in Western India, a district which, so far^ 
appears to have been treated in an incomplete fashion in works 
on Indian oology. The writer seeks to collect, in as concise a 
form as possible, all information at present available on the 
subject, as a nucleus round which collectors may record their 
observations, and thus prepare the way for a complete knowledge 
of bird- life in Western India. Dr. Dymock writes on the mean-* of 
self- protection pos:>essed by certain plants, and Mr. Hart on 
certain branching palms, while Mr. Aiiken discourses pleasantly 
on the natural history of a voyage from Liverpool to Bombay, 
and Mr. Oates has a short paper on the Indian and Burmese 
scorpions of the genus Isometrus, with a description of three 
new species. The Journal i.s almost always sure t> contain one 
or two papers, half scientific, half 9[><>rting, from the pens of 
noted shikarees f which are sometimes of vivid interest. The 
I present issue has a paper of this class on the habits of the 
sambhur, with personal reminiscences of sport in pursuit of it, 
by Mr. Reginald Gilbert, and a striking anonymous paper 
ent tied “ Mauled by a Panther.” The illustrations Jts usual, 
are numerous and of great beauty. 

WiiH regard to the question of the inheritance of injuries, a 
correspondent, ** P. V., 'writes to us about an Irish terrier bitch 
which batl a litter by a mongrel tenier whose lad had been cut 
off with a hatchet. Of the litter, one clog puppy was without a 
tail. The Irish terrier belonged to “P. V.,” and he says that 
she had had seveiai htlcrs before, none of which were in any 
way deformed. 

Prop. Franz Kj.apalek, of Prague, has been investigating 
the rivers of Bohemia under the auspices of a committee formed 
for their physical exploration. In the course of his researches 
he was able to study the fall life-history of A^notypHs annatiiu 
Walker, a curious hymeiioptcrous parasite on the aquatic larvic 
of caddis- flics, chiefly of the genus Silo, The details are 
published in the Entomologist' s Monthly Magazine for August, 
with illustra' ions. When these larvae are attacked by the 
parasite, the cojics have always a curious band-like appendage at 
one end. Formerly it was considercil that this appendage was 
formeti by the caddis- worm, but Prof. Klapalek proves that it 
is due to the larva of the parasite, and consists of the secretion 
from the salivary glands. What its precise use may be does 
not at present seem quite c/ear. 

Prof. W. K. Burton, of the College of Engineering, 
Imperial University, Tokio, writes to the yapan Moil that the 
Photographic Society of Japan has now been duly consiiiuled, 
and that there are already nearly sixty member*-’, of wht)m very 
nearly one-half arc Japanese. There arc a few [^^ofe^^sional 
photographers, but the great majority are amateurs. VLscount 
Enumoto, Minister of Education for Japan, has consented to l>e 
nominated ns President, A meeting of the Society was held on 
June 7, when Mr. K, Ogawa gave a demonstration of the 
working of the plaiinotype printing process of Willis, from the 
coating of the paper to the completion of the print. 

The laat monthly pari of Mr. Samuel H. Scudder’s ''Butter- 
flies of the Eastern United Stale* and Canada, with c^>ecial 
referepaeto New England," will be issued on October L We 
have already called attention to the importance of this work. It 
makes three volumes, and contains seventeen plates of butterflies, 
sie of eggs, eleven of caterpillnts, two of the nests of caterpillar#, 
three of chrysalids, two of parasites, thirty three of structural 
detail# in all si age# of life, nineteen maps and groups of maps to 
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illiistrftte the g^eo^phical distribution of butterflies, and three 
portraits of early naturalists of America; in all about aooo 
figures on ninety-six plates, of which forty-one are coloured. 
The (ext contains ^sooo pages, including an introduction of 104 
pages, and an appendix, of 150 pages, which contains descrip- 
tions of such species concerned as have not been found within 
the limits of New England, and also descriptions of all known 
parasites of North American butterflies, by Messrs. Howard and 
WilUston* 

The City of London College Science Society has issued its 
Report fdr 1S8S-89. We are glad to see that the session was 
one of increased activity, and, os the Committee are able to add, of 
continued success. Papers on subjects of great scientific interest 
were read, and there were many excursions to places suitable for 
geological study and for the collection of botanical and zoological 
specimens. The Society now publishes a monthly journal. 

Mr. Pkrcv LlNni.KY is editing a series of “ Holiday Hand- 
lx>oks.” One of tho-ie sent to us deals with the Hartz Mountains, 
anotlier with the Ardennes, They cost only a penny each, and 
are well done. For the same price one may now get a very 
good little illustrated Guide to London. It is published by Mr. 
J. P. Murray. 

The tenth part of Cassell's ^‘New Popular Educator " has 
been issued. It is well illustrated, and has a good map of 
British North America. 

A RKMARKABt.E series of experiments illustrating an extreme 
‘case*of “ mass*' or “catalytic** action are described by Messrs. 
Moraeand White of the University of Pennsylvania, Philadelphia, 
in the current number of the American Cktmual Journal 
348). The sulphides and oxides of zinc and cadmium, which are 
so difficultly volatilizable when heated alone, are found to be 
readily volatilizable in presence of their respective metals, zinc 
or cadmium, owing to alternate dissociation and recombination. 
The pure siilpludes were first prepared by dissolving redistilled 
zinc or cadmium in hyrlrochloric acid and precipitating with 
sulphuretted hydrogen. The washed pr cipitates were next dried 
in the ordinary way, and then heated to 300'’ C. in a current of 
pure dry sulphuretted hydrogen. They were finally repeatedly 
treated with carbon liisulphuic to remove any traces of free 
sulphur. The sulphides as lhu,s’ prepared were found to be per- 
fectly stable in a vacuum, the exhaustetl tubes containing them 
being healed until the glass softened and collapsed without any 
signs of volatility of the sulphides being apparent. About 15 
grams of either of the sulphides were then mixed with 40 grams 
of the corresponding metal and placed at the scaled end of a 
combustion tube, the other end being connected with a Sprengel 
pump* The end containing the tnixtiire was placed in a furnace, 
and after the exhaustion was completed as far as possible, was 
gradually heated. As the temperature rose the metal began to 
fuse, and a yellowish white film of sulphur was formed in the 
cool portion of the tube projecting out of the furnace. The for- 
mation of this deposit is due to the fact that while the tube is 
comparatively free from the metallic vapour, the sulphur liberated 
by the dissociation of the sulphide, having a higher rate of dif- 
foBton than the vapour of the metal, partly escapes recombination, 
and is deposited in the free state in the cooler portion of the tube 
just outside the fumaoe. As the temperature still rises this de- 
posit becomes converted into sulphide, and eventually a long 
line of crystals of the sulphide is formed along the bottom of the 
projeettng part of the tube. Cadmium sulphide was found to be 
Iranspofted much further along the tube thao zinc sulphide, and 
the crystals could be seen to form and fall in a manner re- 
sembling A fine rain. Indeed, so ready is the dissociation of 
eadmlum sulphide under the influence of metallic cadmium that 
^ riLpidty raising the temperature the experiment becomes 
flangerons, the dissociation occurring with almost explosive 


violence. On several occasions when the mixture was too tightly 
packed into the end of the tube, the whole contents were 
violently blown into the Sprengel pump. It is necessary to leave* 
a very considerable free space along the top of the tube to insure 
ft successful experiment. It was found that the oxides of rinc 
and cadmium behave similarly to the sulphides, oxide of zinc in 
this case dissociating most readily. The singular action of these 
metals in lessening the stability of their respective oxides and 
sulphides certainly forms one of the most extreme cases of 
“mass” or “catalytic** action on record; and that H is not a 
mere mechanical carrying action appears abundantly proved by 
the slight deposit of sulphur which is always noticed in the- 
earlier stage of the experiment, and by the beautiful manner in 
which the sulphides themselves are afterwards deposited. 

The additions to the Zoological Society's Gardens during the 
past week include a Macaque Monkey (Macacus eynomolgus d )' 
from India, presented by Mr. F. Dobbs ; a Common Otter 
Lutra vulgaris) from North Wales, presented by Mr. Chas. H. 
Wynn ; two White Storks i^Ciconia alba) from North Africa, 
presented by Mr. Thomas Hay ; three Weli-marked Tortoises 
Homopus signatus (5 9 9). four Rufescent Snakes {Lept&dirct 
rufesct'n:^)^ a Many spotted Snake {Psammophytax muUimacu- 
latus)^ a Spotted Slow worm {^Acontias ineltagris\ a Puff-Adder 
( Viptra aiHdans) from South Africa, presented by the Rev, G. 
H. R. Fisk ; a Tesselated Snake ( TVopidanoius tessellatus) from 
Italy, presented by Mr. H. D, Brocklehurst ; two Common 
Toads {Biifo vulparis\ British, presented by Dr, J. J. Pitcairn ; 
a Common Zebra {Equas zebra 9 ) from South Africa, two 
Black* eared Marmosets {Hapale peniciUata) from South-East 
Brazil, a Tovi Parrakeet (Btoiogerys lord) from Columbia, a Ke<l 
and Blue Macaw {Ara macao) fioro Central America, deposited ; 
a Peba Armadillo ( 7 a/asua peba), a Pretre’s Amazon 

pre/rii)y a Snake {Hduops leop< 7 rdinus) from Brazil, ft 

White-throated Capuchin {Cebus hypoleucus 6 ) from Central 
America, a Senegal Touracou {Cofythaix persa) from West 
Africa, six Spotted Tinamous (Nothura maculosa) from Buenos 
Ayres, a Tcsselatcd Snake ( Tropidonotus tessellatus) from Italy, 
purchased ; two Mule Deer {Cariaetts macrotis)^ two Crested 
Pigeons {Ocypkaps lopholes)^ bred in the Gardens. 


OUR ASTRONOM/CAL COLUMN, 

Di.scovekv of a New Comkt, tS 8 g A telegram from 
Melbourne to Prof. Krueger announces the discovery of a bi^ht 
cimct by Mr. Davidson, of Queensland, on July AX. Ilie 
following positions of this comet have been obtained : — 

Place. O.M.T. R.A. N.P.D. 

h. m. s. h, jn, a y n 

Melbourne ... July 22 23 3 50 ... 12 46 9’0 ... 122 29,6 

Rome July a; 8 37 4 ... 13 37 29*9 ... no 19 ^ 

The comet is therefore coming north very rapidly. 

CnMET 1889 d (Brcxiks).— tThe following clemeaU and 
ephemeris for this comet are by Dr. H. Oppenheim 

T s= 1889 August 3*40 G.M.T. 
a * ^2? 13 I Mean Eq, l889‘0. 

**556) 

q = 03627 

The comet probably has a short period. 


, J^pkef/vrtt far Greenwich Midnighi, 


iSBg. 

XA. 

h. m. 

DtcL 

'fMOb" 

Julyat 

0 4 ‘» 

7 3 S. 


Aug. 4 

0 ox 

6 48 

8 

0 77 

6 35 S. 

V4 

Itie'brightncta M dtB0Qni7 fs tiken 

ftknidty^ 
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COMETS € <BaRNAKD, SeI^TEMRER 2) AND 1S89 ^ 

(Barnard, March 31), — The following epbemeridcs are in 
coDtinuAtlon of thote pven in Nature, 1889 July 1 1, p. 2$$ : — 


x8&9i 

AU£, 


2 

6 

10 

14 

15 
22 
26 
30 


Comet i8d8 
RA, 

b. m. o 

19 49 37 
37 3 
as 34 
*5 3 
^ 5 34 
•8 S 7 4 
49 3 * 

4 * 54 


n*cl. 

As S. 
2S O 
7*8 
457 
21 S 
54 '9 
20*0 

549 s. 


K.A. 
h. m. 

3 
1 


Comet *889 A 


33 
36 
59 14 
5 ^ 23 

53 o 
49 a 
44 24 
39 4 


DeeJ. 

23*3 N. 
504 
H*S 
35'4 
52-8 
6*1 
15*2 
19*6 N. 


The Vienna Observatory.'— W e have i-eccived two volumes 
of the publications of this Observatory, vir- the Annals for 1885 
and 1886 (Aftna/fft ti&i* Univ, Siermvartf. in Wun^ 

Wnhrin<f^ liand v. and vi. ), The former cofliains three sections, 
viz. (i) observations with the meridian circle in 1884, being 
Zones 1 19 tn 19S of the observations of Santini's stars south of 
the equator ; (a) corrections and notes to sundry catalogues, 
particularly to Oeltzen^s catalogues of Argelander’s zones and to 
the zone catalogues of Lamont and of the Washington Observa- 
tory ; and {3) measures of double-stars made by Ors. Holetscbek 
and Hepperger, The latter volume contains observations of 
minor planets and comets made with the Clark iij-inch re- 
fractor, the Fiauuhofer 6-inch, and the great Grubb telescope of 
27*inch a|>erture, and meteorological observations made in the 
years 18S5 and 1886. There is an apparently unobserved erratum 
on p. 115 of the former section. The observation on 1885 Oq- 
tober 3, said to be of Klyinene (No. 104I is really of lisa (No. 
249b It is given correctly under the latter planet. 


VaHtible Sian, 


Star, 

Algol 

a Librse 
U Coro^ee ... 
U Opfaiuchi... 
X Sogittarii,,. 
W SiHfittarii 
Y Sagittarii... 

R Lyrae 

U Acuilae ... 
S VuIpecuJw 
Aquilfle ... 
S Sogittee ... 

8 Cephei 


R.A. 
h. m. 


Dccl. 


... 3 I'O ... 40 3a N. Aug. 

... 14 ss*» 85 s. ... „ 

... 15 137 32 3 N 

... 17 lO'Q ... 1 ao N. ... ,, 

... 17 40« *. 27 47 S. ... „ 

*7 S 7‘9 - 29 35 S. ... M 
... j 8 14 ‘9 - *8 55 S 

... 18 46 0 ... 33 *4 N. ... *' 


19 23'4 ■ 
19 43‘9 
19 46 *8 


7 16 .S. ... 
27 I N. ... 
o 43 N. ... 


19 51*0 ... 16 20 N. 

22 25*1 ... 57 51 N. ... 


h. 

t” 

9 . 22 
8, 0 
5. o 

If 23 

5 . o 
H. 23 

6. 21 
10. 3 

If 23 
4 * 

7. 23 
4* 3 
7f 3 

8. 3 


m. 

39 
o xw 

3 « 
49 « 
o 

O 

oM 
o m 
30 A/ 

O Wj. 

o m 
M 
o m 
o m 
o 

o m 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 AUGUST 4^-10. 

/pOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on Auj(^’i4st 4 

Sun rises, 4h. 31m. ; souths, lah. 5m. 50*is. ; daily decrease of 
southing, 5 '68. ; sets, I9h. 41m. ; right asc. on meridian, 
8h. 58 'Sm. ; decl. 17'' 8' N. Sidereal Time at Sunset, 
i6b, 3jm. 

Moon (at First Quarter August 4. Ijh.) rises, I 2 h. 50m. ; souths, 
i8h. im. ; sets, 23h. im. : right asc. on meridian, 
I4h. 551m. ; decl. 12® 8' S. 


Rtaiwt. 

Mercttry.. 

Venus 

Mars 

Jupiter,,.. 
Saturn,... 
Uranus 


KUcs. 
h. m. 
4 2 
1 O 

3 6 
17 8 

s 33 

10 47 


Soutlis. 
h. la. 

11 53 . 

9 o 
n 9 
21 1 . 

12 47 - 
i6 16 . 

7 18 . 


Right asc, and decHnation 
on meridian, 
h m. 

19 41 N. 
2f o N. 
ai 3tI4. 
*3 »3 8. 
1$ 10 N, 
6 44 a 
19 24 N. 


Sets, 
h. m. 

19 44 
17 o 

19 12 

o 54*... 17 56*0 

20 If ... 9 40 2 

21 45 ... 13 9*4 

IS 7 ... 4 10 3 


8 45 '« 


Neptune.. 23 29*^ 

* Indloates that fbe rising is that of the preceding evening and the setting 
that of the ftdlowing momiog. 

Aug. > h. 

7 ... — ... Occult at ton of the planet Jupiter by the Moon. 

JDisap. at i9h. 4m. Reap, at loh. rm. 
Angles from vert ck to right for inverted 
image 25** and 290"* respectively. The Sun 
sets at i9h. 3Sm. 

7 ... ao ... Mercury In superior eonjhnction with the Sun. 
7 ... 20 Jupiter in conjunction with and i'^6' south 
of the Moon^ 


R.A X>ed. 




1 ^4jtArietiB ... 

Oflwlopardug 
l^ffair fCygni ... 


... 44 - 
•«« 44 '*• 
- ^ 

.... 290 ... 


Sh N. ... 

N. .b, 

70 N. ... 
N. ..-11 


Max, August ta 
Swtfl: ; streaka. 
Slow. 

Slow, 


A/sigRjfiQS maximum ; m mmimum ; secoDdary minimum. 


THE NEWCASTLE MEETING OF THE 
BRITISH ASSOCIA TION, 

A CTIVR preparations are now being made for the Newcastle 
“ meeting of the BritUh Association, and it is expected that 
the proceedings will be of more than usual interest. The 
meeting will be held from September ii to 19. At the first 

f encral meeting, on September ii, at Sp.ni., Sir F. Bramwcll, 
‘.R.S.i ^>ill resign the chair, and Prof. Flower, C.B., F. R.S., 
the President-elect, will assume the presidency, and deliver an 
address. The different Sections will assemble on the folio,wing 
morning for the reading and discussion of reports and other 
communications. The following are the Presidents of the 
Sections : — (A) Mathematical and I’hysicnl Science, Captain 
W. de W. Abney. K.E., C.B.. KK.S. ; (B) Chemical 

Science, Sir ]. Lowthitin Bell, B'. K.S, ; (C) Geology, Prof. 
James Geikie, F.U.S. ; (O) Jiiology, Prof. J, S. Burdoii' 
Sanderson, F.R.S. ; (E) Geography, Col. Sir F. De Winton, 
K.C.M.G. ; {¥) Economic Science and Statistics, Prof. F. Y. 
Edgeworth, M.A. ; (G) Mechanical Science, Mr. William 
Anderson, M.Jnst.C.K. ; (H) Anthroprriogy, Prof. Sir W, 

Turner, F.R.S. 

On Thursday evening, September 12, there will l>e a soiHc : 
on Friday evening, September 13, Prof. W. C. Roberts Austen, 
F.R.S., will deliver a discourse cm “ The Hardening and Tem- 
pering of Steel ” ; on Saturday evenini;, September 14, Mr. B. 
Baker will deliver a dUc'^u^se on "The Forth Bridge”; on 
Monday evening, Septembet 16, Mr. Walter Gardiner will de- 
liver a discourse on "How Plants Maintain Themselves in the 
Struggle for Existence”; on Tuesday evening, September 17, 
there will be a soirR ; and the concluding meeting will be held 
on the afternoon of Wednesday, September 18. 

Excursions to places of interest in the neighbourhood of New- 
castle on-Tyne will be made on the afternoon of Saturday, 
September 14, and on I'hursday, September 19. 

The first meeting of the General Committee will Ik; held on 
Wednesday, Septemte ii, at I p.m., fur ihc election of the 
President and Sectional officers, and the despiaich of bu si ness 
usually brought before that body. The General Committee wilf 
meet again on Monday, September 16, at 3 p.m., for the pur- 
pose of appointing officers for 1890, and of deciding on the 
place of meeting in 1891. The concluding meeting of this 
Committee will be held on Wednesday, September 18, at 1 
p.m*, when the Report of the Committee of Recommendations 
will be received. The Committee of Recommendations will 
meet at 3 p.m. on September 16 and 17, and (if necessary) on 
September 18, at 10 a.m. 

The Local Secretaries for the Newcastle meeting are Prof. 
V, Phillips Bedwan and Prof. J. H. MerivaD, 

The Reception Room will be opened on Monday, September 
9, at I p,m.» and on the following days at 8 a.m., for the issue 
of tickets <0 Membeift, Associates, and ladies, and for supplying; 
fists and prices of Iddgings, and other information, to strangers 
on their s^val. No tickets will be issued after 6 p.m. In the 
Reception Rpom there will be offices for supplying information 
regarding the proceedings of the meeting. The Joumab con- 
taining anoouncements of the arrangements for each day, will be 
laid on the table on Wednesday, September 1 1, and the follow- 
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ing tnorningn, %X 8 a.m., for gratuitous distribution, twists of 
menfibers prmnt will be issued as soon as possible after the 
^atnmencement of ihe meeting, and will l>e placed in the same 
room for distrihiiiion. The pubiUhed volumes of the British 
Association con be ordered in thl< room, for Memlxra and 
Associates only, at the reduced prices appointed by the (|^o«ncU. 
Tile tickets wUl contain a map of New ca'^tle upon Tyne, and 
particulars as to the rooms appointefJ for Sectional and other 
meetings. For the convenience i^f Members and Associates, a 
branch post office (which will he available also for communica- 
tion between Members attending the meeting) wd! be opened in 
the Reception R 'om. Member-; and Associates may obtain 
information about local arrangenumrs, ani facil tits afforded by 
the railway companies, on application to the Local Secretaries, 
Newcasi le-upori' Tyne. 


THE GO ENA/EH rs TECHNICAL 
INSTEUCT/ON BILL. 

following is the Bill to Kncilitafe the Provisinn of 
Technical Instruction, introduced into the House of 
Commons by Sir W. Hart Dyke, and read a hrst lime, on 
July 3^ 

Be it enacted by the Queen'h most Excellent Majesty, by and 
with the advice and consent t.f the Lords Spiritual andTemporai, 
and Commons, in this present ]*arltament assembled, and by the 
authority of the same, ns follows ; 

I, (0 A local auihority may from time to time out of the 
local i*aie supply or aid the supply of technical or manual 
instruction, to such extent and on such terms as the auihority 
think expedient, subject to the following restrictions, namely : — 
The local authority shall not out of the local rate Mipply 
.or aid the supply of u<hnical or manual instruction at an 
•elementary school to sch<?larH receiving instruction in the oh. 
%atory or stondard std jeets prescribed by the minutes of the 
Education Department for the time being in force ; and 

(sj) The amount of the rate to be raised in any one year by a i 
local authority for ihe purposes of this Act shall not exceed the ; 
gUm of s>ni penmy in the pound, i 

(2) A local auihority may, for the purposes of this Act, up- j 
jpoint a Committee consisting either wnolly or pari ly of mcmixrs j 
of the local anihoiirv, and may delegn'e to any such Commiltce 
any powers exercisable by ihtj authority under this Act, except | 
the jjower of raising a rale or liorrowing money. I 

IL (l) The manai^ers of any sclr ol or other institution giving 
technical infltruction in the district of a local auihority may make 
an arrangement with the auihority for transferring their school 
or instituiion to it, and the local auihority may assent to any 
such arrangemenr. 

{2) The provisions of Section 23 of the fClemcntary E luca- 
tion Act, 1870, with respect to arr.mgements for the transfers of 
schools, shall nppty in the case of arrangements for the tranfers 
-of flclio^tls or inHiitiuions in pursuance of this seciion, with this j 
modificat on, that for the purposes of transfers to a local j 
authority refenences to the School Board shall he construed as 
references to the local authority, nnfl references to the Educa- 
tion Department as references to the Department of Science 
and An. 

lit. The conditions on which Parliamentary grants may be 
vtmde in aid of technical or manual instruction shall be those * 
contained fn the minutes of the Department of Science and Art 
in force for the time !>eing. 

IV. (1) For the purposes of this Act the expression “local 
authority " shall mean the Council of any county or >>orough, ! 
and any urban or rural sanitary auihority within the meaning of 
the Public Health Acts. 

(2) The local rate for the purposes of this Act shall be— 

(a) In the cm of a County Council, the county fund ; 

(^) Tn the case of a Borough Council, the borough fund or 
bcTOugh rate ; 

(r) In the ca«e of an arban sanitary auihority not being a 
Uorough Council, the district Jund and general district rate, or 
•other fund or rate applicable to the general purposes of the 
Public Heahh Acts j 

(<0 In the case of a rural sanitary authority, the rate or rAttf» 
ottt of which sjJccUl expeiwcs incurred in respect of auyeo^^-^’ 
Aribmory placei ot places ate payable under the Public Health 
Act, f$7S. 

<3) A County Council maychaTve any expent^es incurred by 
rfhem under this Act on ahy part of their county. 


(4) A rural i‘flniiary awthoiiiy may charge any expenses in* 
currt'd by them under this Act on any cun(rlbi.tory place or 
places wuhin their district. 

(5) A local auihority miy borrow for the purpoees of this 
Act— 

(fl) In the case of a County Council, in tr anner provided by 
the L'^cal Government Act, 1888 ; 

(i) In the ca«c of a Borough Council, as if the purposes of 
this Act were purposes for which they are authorizetl by Section 
n6of the Municipal Corporations Act, 1882, to borrow ; 

(r) In the case of an urban sanitary authority not being a 
Borough Council, or of a rural sanitary authority, as if the pur- 
poses of this Act were purposes for which they are authorize I 
to htjrrow under the Public Health Acta. 

V. In this Act— 

I’he expression “technical instruction ** shall mean instruction 
in file principles of science and at applicable to industries, an 1 
in the application of special branches f science and art to spe- 
cific industries or employments. It shall not include teaching 
the practice of ary trade or industry or employment, hat, save 
as afuresaid, shall include instruction in the branches of science 
and art with respect to which grants arc for the lime being made 
by the Department of Science and Art, and any other form of 
instruction which may for the time being be sanctioned by that 
Dcpartmerit by a minute laid before Parliament and made on the 
representation of a local authority that ^uch a form of instruction 
i:> required by the circumstances of its district. 

The expression “manual instruction " shall mean instruction 
in the ii c of tools, and modelling in clay, wood, or other 
materiiil. 

VI. This Act shall not extend to Scotland or Ireland, 

VII. This Act nmy he cited ns the Technical Instiuciion Act, 
1889. 


BNOEESSOR LOO A/! IS ON RAINFALL} 

''T''HE subject of this chapter U the mean annual rainfall in all 
the different countries of the globe, with a discussion of 
the conditions favourable and unfavourable to rainfall, and an 
examination of imlividual cases of rainfall in the United States, 
Europe, and over the Atlantic Ocean, and the areas of low 
barometric pressure without rain. 

To begin with, Prof. Loomis has compiled a list of 1427 
stations, and arranged them in orfler of latitude. With each 
station is found its altitude, its mean annual rainfall, and the 
number of yiwrs of observation. This list would have been 
considerably larger if all the stations where the amount of rain- 
fall is measured were quoted, for in England alone there arc 
2200 stations where rainfall is regularly measured, in the United 
btates 2000, whilst the total number of stations in France is 
150O. The plan adopted by the author h,as been to select a 
few stations from those countries which rejoiced in a jdcntitwle 
of rain-gauge«, !>» t in regions where few stations exist all the 
measurements were used. 

F'ollovi ing upron each enunciation of causes which affect rain- 
fall is found a tabular statement demonstrating its tnitli. 

The conditions favourable to rainfall, according tp Prof, 
I^omis, begin with the fact that the north- east and south-east 
trade winds, on approaching the bell of calms near the ceptator, 
and being grad^ially deflected ujjward, are cooled by expansion, 
so that the aqueous vapour is condensed^ and the belt of ctdms 
becomes a belt of rain, 'I’his ^uatorial rain-belt, of coursei, 
moves with the min in declination, and some olwervations In- 
cluded in table Ixxxiv, strikingly exemplify this movement by 
giving for twelve months respectively the number of rains In 
a hundred ob*crvationH between Dtitudes 30* N. and to'* S., the 
maximum of falls moving with the sun, 

A second cause for abundant rainfall is the innuence of moun- 
tains, for when a strong wind meets a mountain it is forced up 
the side of the mountain, and elevated iolo a colder region, the 
result bein;r that its Vfljpour is predpiloied by the cold of eteea- 
lion. Table Ixxxv. pves a comparison of the rainfaU in two 
regions situated within twenty-five wiles of each other, but of 
differ<nt altitudes, and from it the conclusion i$ dedhoed that 
the rainfall on n mouniain from 4000 lo 10,000 feet high fit 
11^ than double that, at neighfpuriqg places near> tlH ai^i*** 

* “ContrihatKtt# to Meteofot^gy,** Chapter HI , by Ellw toends, , 
Prefvrepr Nkittral PliUo^hy aod AJminewy W VaU 
BsvtkSd Fdidon. <M«w Bann, ConnadiCiU, Vlt, 
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'^OTel. A third condition) favourahle to an abundant rainfall is 
jproxlmily to the ocean, especially when the prevailing wind 
-Comee from the ocean. Capes and headUnds projecting coc- 
%idembly into the ocean geneially show a rainfall greater than 
interior stations only a few miles distant ; and lastly. Prof 
l^mis notes that the great and non periodic depressions of 
the barometer are always accompanied by a considerable fall of 
rain, and that the average tracks of these depressions are marked 
by an excess of rainfall. 

The following are some of the conditions unfavourable to 
rainfall. Fresli winds blowing in a nearly uniform, direction 
throughout the year, such as prevail within a portion of the 
System of trade winds, especially in mid ocean. The rainfall 
on Ascension Island is quoted as a case in point, observations for 
two years showing that the direction of the wind was south- 
east or very nearly so during the time, the rainfall during these 
two years being 2*31 and 4 '30 inches respectively. This con- 
dition of things prevails ■’over the Atlantic Ocean within the 
region where tne trade winds blow with considerable force and 
are seldom interrupted. 

A second condition unfavourable to rain is a position on the 
leeward side of a range of mountains running in a direction 
nearly at right angles to that of the prevalent wind. An illustra- 
lion of this princi(>le is seen on the Malabar coast of Hindustan. 
On the ocean side of the range of mountains the rai*ifall is 250 
inches annually, whilst on the eastern side of the range the air 
is vei7 dry, and the amount of the mean annual rainiall is less 
than 25 inches. 

When there is a second rnnge of mountains, parallel and 
within too or 200 miles of the first, the influence of this cause b 
considerably intensified, and this diminution is still more decided 
when a place is surrounded hy mountains, or nearly so. Sala- 
manca is so situated, and the mean annual rainfall there is less 
than 10 inches. 


Elevated plateaus have generally less rainfall than insulated 
mountain peaks of an equal elevation ; this is illustrated by the 
fact that Lch, being situated on that remarkable plateau of 
Tibet, has a mean annual rainfall of less than 3 inches. An tihcr 
similar case is found in the tableland (the Punoa) between two 
great chains of the Andes ; and it is observed that the average 
height of the Salmra being over 1501 feel, this elevation may 
contribute in some degree to the smallness of the rainfall. 

Another c mdition unfavourable to rainfall is the dryness of 
the atmosphere, under which head Pi of. Loo nis gives three 
special cat-es, vii remoteness from the ocean, mca ured in the 
direction from which the prevalent wind proceeds, areas of 
high barometric pressure, and high laiitudcs. Ibis last conclusion 
does not state that the average rainfall regularly diminishes as 
we go northwards, the same as the mean temperature ; hut if the 
mean annual fall be t*iken for every 10" of latitude the important 
influence on the amount of rainfall is very decided, and is 
emphatically exhibited in high latitudes. The general tabic of 
observations, arranged in order of latitude, which bc^an this 
chapter, shows that for the four stations whose latitude exceeded 
71* the mean annual rainfall was 7*44 inches, whilst the 
paudty of o>>8ervntions of the fall of rain or snow that have 
been made during the various Arctic expeditions also demonstrates 
the fact. 

A review is next made of the regions which show a very small 
rainfall, and the causes inquired into where the observations of 
pressure, temperature, and humidity of the air, and the direction 
and force of prevailing winds rendered it possible to obtain 
some definite informslion as to the meteorological condition of 
the region. 

Pr<4. Loomis has thmoughly investigated the conditions of 
lAmflUl in the tlhUed .States, and from the tables of observations 
he arrives at the inference that the depression of the barometer 
accoropanyihg extraordinary minfalls is not very great, the 
average j>re«sure at the low centre being 29^63 inches for the 
pan of the United Stalest north of latitude 36^ and the average 
pressure at (heatations of ^atest fait being 2977 Inches. 

Table call, gives all the cases where‘ the naromeier fell below 
stg inches afaby station in the United States or Canada between 
$n|Hember 1872 and June 18^ and also the station where the 
jgTMest rainfall occurred for the proeeding iwenty-fotu hours, 
ooncHmiOfi dmwn from mtcHa oomparisan Is tkata moderate 
of ^e barometer is as favourable to great rainfall as 
ipl eatrenmly gve vrhkh would seem to iiidicatethat 

has but little conneeHoa with barometric clej>res«^k)n. It 
hoWetfeTf be remetubered that the depression at tile centre 


of a low' area depends not merely upon (he barometric gradient, 
but upon the geographical extent of the low area. 

The following are some of the conclusions Prof. I^omts arrives 
at respecting the causes of rainfall in the United States. One of 
the most common causes of rain is an unstable condition of the 
atmosphere resulting from an unusually high temperature com- 
bined with tinusOal humidity. Another very common cause of rain 
frequently associated with (his is a cold northerly or westerly 
wind in the western segment of the low area, and proximity to 
the ocean or to a large inland sea. 

The investigation affords important evidence respecting the 
influence of rainfall upon areas of low pressure, viz — 

No great barometric depression with steep gradients ever 
occurs without considerable rainfall. 

In great rain-storms the barometric pressure generally 
diraini^es while the rainfall increases. 

The greatest depression of the barometer generally occurs 
about twelve hours after the greatest rainfall. 

A great fall of rain is favourable to a rapid progress of the 
centre of least pressure, white a small lainfalt is generally 
attended by a leas rapid progress. 

It is abo noted that some of the charactcrUt^cs of areas of 
low pressure with little or no rain are : — 

(1) Feeble barometric gradients. 

(2) Moderate winds. 

(3) Slow changes of barometric pressure. 

(4) Slow progressive movement. 

Whilst in similar areas of low pressure with excessive rainfalls 
all these conditions are reversed. 

In order to study the influence of rainfnil upon barometric 
pressure under different geographical influences, Prof. Loomis 
has compiled for Europe a similar set of tables to those concern- 
ing the United States. Of the 106 stations having a rainfall of 
not less than 2*5 inches in twenty-four hours, ciglUy-six are 
situated south of latitude 48*, and fifteen are north of latitude 
48", indicating that heavy rains are about six times as frequent 
in the south as in the north of that latitude. 3Vof. Loomis 
thinks that the summary of oV>servalions relating to Europe 
seems to indicate that great rains occur on the we-it side of the 
low centre more frequently than they do in the Unitetl Slates. 

'fables have also been prepared showing the rainfall over the 
North Atlantic as far as oV.)8ervations permitted . An unexpected 
fact exhibited by these tables is the prevalence of rainfalls with 
the barometer somewhat above 30 inches, 

A comparison of the results that have been obtained for the 
United Slates and for Europe brings Frof. Loomis to some im- 
portant conclusions respecting the influence of local causes in 
modifying the relation of rainfall to barometric pressure. 

The conclubions are, for stations east of the Rocky Moun- 
tains ; — 

(1) South of latitude 36^ a rainfall of 2J inches in eight hours 
at any station occurs on the east side of a low area mure 
frequently than on the west side in the ratio of 2 6 to i. 

(2) North of latitude 36^ a rainfil! of 2 inches in eight hours 
at any station occurs on the east side of a low area more 
frequently than on the west side in the ratio of 2 8 to 1. 

(3) A total rainfall of 9 inches in eight hours a! all the stations 
cast of the Rocky Mountains occurs on the east side of a low 
area more frequcmly than on the west side in the ratio of 6*2 
to I. 

(4) Over the North Atlantic Ocean great rain areas occur oi> 
the east side of an area of low pressure more frequently than on 
the west side in the ratio of 2*6 to z. 

(5) In Europe a rainfall of zi inches in twenty-four hours at 
any station occurs on the eat»t side of a low area more frequently 
than on the west side in the ratio of 2'o to i. 

These results indicate that in the United Stales and Europe,, 
as Well as ov;r the North Atlantic Ocean, great rainfalls are 
generally associated wi’h a barometric pressure somewhat below 
the mean, and the precipUaiion occurs chiefly on the easterly 
side of a law area. 

The relation of a rising to a falling Viarometer with rain points 
to the concluttons that at Philadelphia the amount of rain which 
fallsi while the barometer is descending is nearly three times as. 
grtat as that which falL while the barometer is rising. The 
entire Atlantic coast of (he United States north of latitude sfi*" 
exhibits results similar to those found for Philadelphia, Ad- 
vancing westward from the Atlantic coast, the ratio of the pr«- 
dpitaimn when the barometer is falling, compared with that 
when the barometer is rising, changes somewhat rapidly, and 
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Wore ure re^ the Miasistippi Klver the ratio is reduced 
to fja. 

lu Great Britain tbe ampont ofrajn with a falling is twice that 
vith a rising baremeterf but, advancing castwara, this ratio 
rapidly diminishes, and in Central Europe the precipitation is 

f renter when the barometer U rising than when it is tailing* 
lates are appended, which eacj^plify in an emphatic manner 
fdl the facts that have been tabulated conoeming rainfall. Five 
gradations colour only have been used to iMicate the rain- 
lul of less than lo inches to over 75 inches. By this means the 
main results have been rendered more prominent. 

R. A. Grbcoky. 


r//£ SOURCES OF THE NITROGEN OF 
VEGETA TION} 

^ O proldem relating to the nutrition of plants has given rise to 
^ SQ much discussion as that of the source of their nitrogen 
and the methods of its assimilation. It is obvioualy both a matter 
of the highest scienti^c interest, and also, owing to the high 
price of combined nitrogen in manures and the comparative ease 
with which it is washed out of the soil in the form of nitrates, 
one of great practical importance to the agriculturist and the 
community. 

Ever since the discovery of the composition of atmospheric air 
hy Priestley, Scheele, and Lavoisier, the ^^uestion os to whether 
plants were able to absorb and 'utilise free nitrogen has attracted 
much attention. At the end of the lost century, or beginning of 
this, Ingenhouss, Sennebier, Woodhouse, and De Saussure 
became interested in the subject 

BoussingauU commenced bis experiments in 1837 ; Ville, 
whose results conflicted with those of Bousslnganlt, in 1049 ; and, 
shortly after, this last named investigator started a new series of 
^experiments which confirmed his former conclusions that plants, 
under the conditions of the etperiment, were not aole to 
assimilate free nitrogen. 

In 1857, experiments on the assimilation of free nitrogen by 
plants were started at Rothamsted ; and in 1S61 was pubTished, 
in the Philoscmhical Transactions, the classical memoir of Lawes, 
Gilbert, and Pugh, on this subject. 

In this earlier paper a brief history and summary ot the results 
of other experimenters is given, and then the recent results 
obtained at Rothamsted. The conclusions arrived at were 
identical with those of Boussingault, that there is no evidence 
Chat plants assimiUte nitrogen. Still the authors allowed that 
Iherc were some diflficuUies with regard lo the supply of nitrogen 
to leguminous plants, wWch assimilate from some source or 
another much more nitrogen than gramineous plants under similar 
conditions of supply of combined nitrogen. 

Tt was admitt^ that , ** if it be established that the processes 
of vegetation do ribt bring free nitrogen into combination, it still 
remains not ve»-y obvious to what actions a large proportion of 
the existing combined nitrogen may be attributed.’*^ 

These views, that plants were unable to assimilate free 
nitrogen were widely ami generally held Ibr many years, though 
there have always been some dissentients. 

In the meantime, however, the indefatigable investigators of 
Rothamsted have not been resting in the matter, but have added 
much to our exact knowledge of the supplies of combined 
nitrogen to the soil from the air, on the amount and nature of 
the combined nitrogen in soils and in crops, on the processes of 
nitrification in soils, and the amount of nitrogen removed from 
aoils in crops and in drainage. 

During the last few years the main question as to the availability 
of atmospheric nitre^en to pfaois has taken a somewhat different 
uspect : It is now often suggested that though the higher plants 
are unable to directly take up free nitrogen, yet indirectly it is i 
brought under contribution in some way ; the ways most i 
generally favoured being either under the influence of elec- 
triclty of low tensioOf or of microbes or some low forms of 
oiga^ms } and by such means it is thought that nitrogen 
is brought into a form in which it is useful to the hkrher 
plants. 

In Sir J. B. bAwes and Dr. Gilbert’s new memoir they give a 
summary of some previously published Rothamst^ re^s, 



chiefly relating to nitric add In soils and lubaoBa \ also of the 
results of Cameron, S. W. Johnson, Hampe, Wagner, and 
Wolff, on the aadmuation of nitrogen by plants, faom more or leas 
complex organic bodies Bke urea, uric add, hippuric add, ad^ 
tyrosine. 

A number of new deiermtnalions of nitric add in soils and 
subsoils, and of total combined nitrogen In the surface soils of 
the Rothamsted experimental plots are given ; and also the 
results of numerous experiments with dilute soltitlons of oiganic 
acids on soils, to ascertain the action of sudh dilute i dds, in some 
degree comparable to the add sap of the roots of plants, on the 
ojganfc nitrogenous matter of soils. 

in the second part of the memoir are summarised the recent 
results and conclusions of other workers relating to the fixation 
of free nitrogen. 

Probably the results of Berthelot, which have from time to 
timev been published In the Cfft/tpfts rtndus^ have influenced the 
opinions and the course of inquiry in recent years more than any 
others. In 1876 and 1877, Berthelot found that various organic 
compounds under the infiuence of the silent electric dischatge, 
even of low tension, were able to fix free nitrogen, and concluded 
that such fixation of nitrogen takes place in ordinary soils under 
normal conditions. In 1^5 he published results showing the 
fixing of free nitrogen by certain soils under conditions which 
led him to believe that the action must be due to the influence 
of micro-organisms, and to such action M. Berthelot seems now 
inclined to impute most influence in the matter. Although the 
gains in nitrogen, expressed in percentages, were very small, yet 
there was gain in all coses when the soils were exposed either 
in the open, or in a room, or in closed flasks, and no gain when 
the soils were sterilized. Unless there he some unrecognized 
source of error, such as might easily be imagined in the cose of 
the freely exposed soils, one seems bound to accept Berthelot’s 
conclusions.^ Deht^rain’s results at Grignon are next discussed : 
they are chiefly on the gains or losses occurring on experimental 
field plots, and are perhaps not of such a nature as to materially 
assist one at the present stage of the inquiry, 

JouUe's results, as given in the Bulletin de la Soeiit^ des 
AfHcuUeurs de France m 1886, showed exceedingly Urge gains 
of nitrogen, which he is inclined to ascribe to the action of 
microbes ; here the gains of nitrogen were certainly more than 
take place in ordinary farm practice, and occurred with buck- 
wheat, which is not usually considered asa nitrogen collector,” 

DietzelPs experiments are mentioned ; in all cases but one, 
in which there was a slight gain in nitrogen, the reinlu are felly 
aewdant with established facts. B. I^nk, who has recently 
written a paper on the whole aspect of the question, has pub- 
lished some experiments of his own. He concluded, as have 
oth^s, that two opposite actions are at work in the soil — one 
setting nitrogen free, and the other bringing it into combination, 
the Utter being favoured by vegetation— but that there is no 
decisive evidence lo show how this combination is brought alxmt j 
it does not necessarily follow that the pUnt itself effects the 
combination. Some of Frank’s experimental conditions, how- 
ever, were considerably removed from those occurring in the 
ordinary course of farm practice. 

important and most interesting experiments of 
Hellriegcl and Wilfarth follow. The first of these were de- 
scried at the Berlin meeting of theVV}|/(w^<?rrrArf'- Versamnilung^ 
in im 6 ; subsequent experiments were described at tlfe 'Wiesbaden 
meeting in 1887, and they were further given in a paper by 
Kdnig. published in Berlin in 1887 ; but the fell text and details 
of their work were not published in time for Messrs. Lawes and 
Gilbert to refer to. A paper on these results appear^ Uat 
Novcmlw in Beila&hifi eu der Zeiisekrift des Vgreins fiir 
du mbentucker’ Industrie, and the work of these investigators 
is described by M. Vesque in the January number of Anmdet 
Agrondmiyues. 

The experiments date from 1883 onwards, and were on 
cercaU, buckwheut, rape, and various leguminous ^ants. The 
plants were grown In pots In washed siliceous sand, to Which 
the necessary cinereal constituents were added. Ip this all the 
plants grew normally uptU the nitrogen in the seed was used 
up ; then the plants not belonging to the L^minoaar ceased 
growng untiUuppIied with some combined nitrogen, nitrate ot 
soda was u^, when growth was proceeded with almost ex^ 
ill proportion to the tostowt of nitrogen euwlfad. With Ite 
X^umtno^ rosnl.ts were more ; sometimes tK 

plants died of rntrogen-hunger ; sometfei^ afWr u tinw oC 

such hanger they teeovened and prt4aoed abtmdant|^irt 
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the uteriU toil vtlih the yonttg pltnts there wes added ip a lame 
attmber of cases a email qoaathy of an extract of a gaiden soil ; 
the extract used contained lees than ode miU^ramme of nitrogen ; 
Ihe oatir rape, and buokirbeat remained unrlero]o|^» but the 
lejpimlitmu plants sopn became deep green and grew vigorously* 
lAbe toil extract were previously sterilised by beat* it product 
no effect. Moreover the soil used in the preparation of the 
extraOt was of importance t with peas any soil extract answered, 
but not so with lupins and sainfoin ; with these plants, to render 
success certain it was found necessary to use an extract of a soil 
which had previously grown the same plants. Some experi- 
ments were also made in large sealed flasks, to which carbon 
dioxide was admitted at intervals ; in these the results were 
practically the same as in free air, show ing that it was not the 
combined nitremen of the alt which was absorbed. 

It was also found that whilst on the leguminous plants which 
developed well, either with or without the addition of soil 
extract, the characteristic'' tuberoules of papilionaceous plants 
were well marked, on those which did not develop in the sterile 
soil, and also on plants grown in sterilised soil to which nitrate 
had been added, and which plants developed at the expense of 
the added nitrogen, but did not osfiiaiilate free nitrogen, there 
were no tubercules. Hence there is obviously some connection 
between ihe production of the tubercules and the assimilation of 
the free nitrogen. In all oases where free nitrogen is presumably 
assimilated the plant, the soil is also enriched in nitrogen, 
the more so when the plant growth is more vigorous, and this 
excess of nitrogen in the soil is almost enurely in oiganic 
combination. 

The general conclusions arc that leguminous plants, though 
they are able to make use of combined nitrogen in similar forms 
to those the graminaceous plants utilise, yet diiTer from this latter* 
order of plants in being ame to use some other form of nitrogen, 
not that existing in the soil. This second source of nitrogen 
must be the free nitrogen of the air, which the LeguminosflG 
utilise through the agency of certain micro*oiganism6 which are 
in s^biosis with them, and exist in the tubercules of the roots 
of this order of plants, 

The results obtained by von Wolff at Hohenheim, from 1883 
onwards, are mentioned. Wolff is not inclined to admit that 
plants assimilate free nitrogen, but thinks that the only remaining 
hypothesis is that certain plants can appropriate the combined 
nitrogen of the air, either directly through their leaves or more 
probably offer absorption by the soil. A porous soil probably 
absorbs far more nitrogenous compounds from the air than an 
equal su perfleiai area of dilute acid, as used in experiments by 
Schloesing, Kellner, and Miillcr. He admits, however, that it 
is difficult to see why the grasses are unable to benefit by this 
equally with the legumes. 

W. O. Atwater has published three papers on various aspects 
of the subject in the American CAennea/ /aurna/* In these papers 
he gives results of his own experiments and also discusses those 
of others. He concludes that in many of his experiments with 
peas, when the growth was normal, half or more of the total 
nitrogen of the developed plants was obtained from the air. In 
what way the nitr^en was acquired, the experiments do not 
show, but Atwater inclines to the idea that the^lants themselves 
directly acquired the atmospheric nitrogen. The conclusion of 
this second part of the memoir gives some recent experiments and 
opinions of Boussingault on the subject. He remained strongly 
ot the opinion that plants were unable to assimilate free nitrogen ; 
idthbugh, as is here pointed out, some of his experiments in 1838 
and 185^, with lupins, might be considered as leading to such 
a oonciui^. 

The third part of the memoir gives a summary and general 
considerations and conclusions. 

Regarding the evidence relating to other sources than free 
nitrogen, Lawes and Gilbert have shown that the amount of 
nitkic acid remaining in a soil Is much less affer the growth of a 
crop than undfr corresponding conditions without a crop. Also 
that hitriflcatkiD tn soils b more active where )«unii&ous crops 
Ore gro^h thou where gthmbeoas plants onv are present ; 
and that d^^rooted legumilnoaB plants like eaiim 

or frwroaMa take up more nitric ucid iVoin the soil 

than sha]1owb^toot«d legUminOhi filatits Uhe Tri/oHum 

^ of niti^K acM in smne soUs, such ts clover- 

caikahiited Uifm or bean^xhOusted iand> is Inadequate to acckmnt 
lor ^he nitrogen tokeh up by othe^ li^undlnoas crops grown on 
khd, very 4eRnhe oonclushma could be drawn from 
axperiaieii|ts os to the powe^ of the acid sap of 


roots to take up nitrogenous organic matter from the soih though 
it is seen to be not improbonle that green -leaved plants can 
*'take up directly, and uiilise, amide bodies rendered soluble 
within the soil by the action of tbeir apid root sap/* 

Our authors In conclusion point out that, since expeiimentioff 
in free air instead of in closM vessels, as in BoussingoaU's ana 
their own researdies, has become common, there has been a 
great accumulation of evidence tending to indicate the fixation 
of free nitrogen. The modes of explanation of the gain of 
nitrogen are : that it has been absorbed from the air, either 
by the soil or by the plant ; that there is fixation of free nitrogen 
within the sml by the agency of porous and alkaline bodies ; 
that there is fixation in the soil by the agency of electricity ; 
that there is fixation hr tbe plant itself ; that there is fixation 
under the influence of micro-organisms within the soil. The 
balance of recorded evidence is undoubtedly in favour of the last- 
mentioned mode of explanation. ** Indeed, it seems to us,’* 
soy Lawes and Gilbert, **that, if theie be not experimental 
error, there is fixation of nitrogen within the soil, under the 
influence of micro-oi|^nums, or other low forms of life.** But 
they think that final judgment must be held in abeyance for 
the present. Most of their own and Boossingault’s previous 
experiments excluded, by thetr conditions, the action of electricity 
or of micro' organisms. 

They then consider some of the facts of agricultural pro- 
duction in their bearing on the question as to how far the 
establishment of the reality of the fixation of free nitrogen is 
necessary to the solution of problems of agricultural production. 
They point out that the loss of nitrogen in ordinary farm practice 
is not BO great os Berthelot and others have assumed ; tbe annual 
lots of nitrogen by cropping in Great Britain, for example, is 
probably under 20 pounds per acre. The loss by drainaj^ may 
in some coses be considerable, and in ^eciol coses there may be 
loss by evolotion of free nitrogen. Probably the loss of free 
nitrogen from the plant itself during growth, which is assumed 
by some, doss not occur. The accumulation of combined nitrogen 
which occurs in the surface soil of pastures is not conclusively 
explained, but it may have a subsoil origin, and this assumption 
has as much evidence in its favour as that it has on atmospheric 
origin. In Che soil and subsoil of Rothamsted, to a depth 
reached by the deeper-rooling plants, there is 20,000 pounds of 
combined nitrogen per acre ; in very many of the soils of this 
oountiy there is more, though in some less than this : the accu- 
muJation of nitrogen in the surface soil may well be due to 
nitrogenous crop residue, the nitrogen of which comes principally 
from ihe subsoil. Again tbe natural fertility of most soils is 
without doubt due to the accumulation of ages of natural vegetation 
with little or no removal ; and the amount of nitrogen even now 
brought into combination under the influence of electricity, over 
a given arer, would be sufficient, with growth and little or no 
removal, to account for the accumulations in natural prairie or 
forest lands even of the richest. 

The Rothamsted experiments have shown that after growing 
crops for many years without nitrogenous manures tMre has 
always been a diminution of nitrogen in the top »o\\ ; this has 
been found to be the cose with diverse crops, including gramineous. 
cniciferouB, chenopodiaceous, and also leguminous crops, and 
with a four-course rotation of crops. There has not been com- 
pensation of nitrogen from the air, or at all events to the extent 
of tbe annual Josses. ^ * Tbe agricultural production of the present 
age is, in fact, as far as its nitrogen is concerned, mainly de{^ndent 
on previous accumulations ; and os in the cose of the use of coal 
for fuel there Is not coincident and cevresponding restoration, so 
in that of the use or waste of the combined nitrogen of the soil, 
there is not evidence of the coincident and corresijonding restora- 
tion of nitrogen from the free to the combined state.” 

It is not yet conclusively proved that the whole of the nitrogen 
of leguminous plants comes from the subsoil ; it is equally not 
proved that it comes from the air ; though in the case of crops 
oelonging to other natural orders it may be affirmed that atmo- 
spheric mtrogen is not the source, May it be that the development 
of oivonUms capable of bringing free nitrogen into combination 
wtthuk the soil is favoured by leguminous growth and crop- 
residue, os there can be Uttle doubt is the case with the organisms 
which pvodttoe nitrification ? 

Rwm has shown that on the roots of certain trees, especially 
the CupuUfeife but also on willows and some Cpnifers^ is a 
Ihngus^mpntJu which h beilevedl to be in true symbiosis with the 
higher ^nt ; and it may well be supposed that the fungus piudly 
assists the tree by bringing the organic nitrogen of the soil into 
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ft form in which it becomes ar<iUable to the chlorophyilaceous 
pUmt i tntich in th^ same way as has been observed by Gilbert 
{a case of foiry-ting^, where the fungus, so to spe ik, prepares 
the nfitrogenouS nutriment for the grass. That the taWcules 
that are nearly alw^s present on the roots of leguminous plants 
ace in some way connected with the assimilation of nitro »en by 
the plants is an hypothesis that is gaining ground. Much stuty 
has of late years been dew>ted to tne morphology and functions 
^ these (ttbercules by, amongst othe'-s, Tschirch, Brunchorst, 
Fmnkf Van TicgheTn, Lundstrbm, and Marshall Ward ; and still 
tnore recently by Bn^l, Beyeriook, and Frozmowski. - It seems 
almost certain that these tubercules contain micro-organKms, 
which are the proximate cause of the extu^cences, and these 
may live in symbiosiis with the legumes, and prepare their ni- 
trogenous food possibly from free nitrogen. The tubercules 
are richer in nitrogen than the roots themselves, and some 
observers look upon them as being merely reservoirs of nitrogenous 
nutriment, not as manufactories. Beyerinck Zri/ung^ 1 888) 

has obtained and cultivated an organism which he calls liadtlus 
tadieicphf from these tubercules, and studied some of its reac* 
tloAs. Ife seems very probable that further study of these tubercules 
of the Lfl^omtnosa; may put us on the right track for solving the 
mysteries of the nitrogenous nutrition of this order of plants. 

In a postscript to the memoir the authors state that they have 
started some experiments with leguminous plants much on the 
same lines as those of Hellriegm and Wilfarth. The results 
of these experiments will be looked forward to with very great 
interest. 

This memoir is a most welcome and solid contribution to a 
most important problem. It is quite obvious that the last word I 
on 'the subject has not been said, and probably very much more 
work must be done before it is. The authors, from their own 
labours and thought on the subject, continued through so many 
yeai^, are well able to criticize the work of others, and this they 
have 6^re done, as far as most of the in) port ant papers published 
up to date are concerned, in an able and frank manner. If 
legaminous plants are able to avail themselves of the free nitrogen 
of the air, or if soils are able, through the agency of microbes or 
in other ways, to fix free nitrogen, tlie exact conditions necesmry 
for the accomplishment of these ends is not yet known. The 
conditions of risk and exposure to accidental sources of nitrogea- 
gain in small experiments in the open air are very great, and 
experhnents made umler such conditions require very careful 
verification. Also the noethods of nitrogen determination used 
Hhould be subjected to rigorous inrestigaiion and control, as also 
the methods of taking the samples used In analysis, which in the 
case of a complicated body like a soil presents great difficulty in j 
obtaining a perfect^ homogeneous mixture. The exact limits of 
experimental error in the various determinations want investi- 
gation. The subject, from its important practical bearings, is 
worthy ibe attention of a scientific commission who could give 
undistracted attention to it. K. K^. 


UNIVEMSITY AND EDUCATIONAL 
INTELLIGENCE. 

Oxford. — An examination will be held at QuBen*8 College, 
in the first week of October, to fill up at least two open Classical 
Scholarships for candidates prmjostng to commence residence 
this October, and one open Scholarship In Natural Science 
(Chemistry and Physics] for candidates proposing to commence 
residence in October 1890. 

Classical candidates muit not have exceeded nineteen years, 
and Natural Science candidates eighteen years, on October 10, 
1889. 

A further notice will be issued. 


SCIENTIFIC SERIALS. 

Amrri€An Jmmal of MeUhAmAtict^ vd. xi, No. 4 (Baltimore, 
July 1889). —Prof. Cayley opens the numl>er with a resumption 
of hn memoir on the surfaces whh plane or spherical efirves Of 
curvature (pp. 393-3<J6).-*-The circular cubic with double focus 
on itself is treated by Schfdter afid Bd, ▼.). Mr. 

F. Morley, writing on the geometry of a nodal circular cubic 
(pp. 307- 16), gives a geometrical account, illustrated by figures, 
of the case when the ourve, in addiiion, is nodal Some pro- 
perties of the special case when the inflexion is at infinitv are 
given by Dr. Booth vol. iii.) in his dfsous* 

iicMi of the Ifspcyclic curve (efi vol, I. of his Collected Papers/* 
onp. XXX.),— The next paper supplies a defect in MM. Bviot and 
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Bouquet's Fropri^tcis des /onctlons d^finies par des equations 
diflerendelles ** ijount. <fSr IBxoU Td , , cap. xxXvi. ) i it is eatidtd^ 
^*On the Functions defined by Differendol Equations, withaa 
tension of the Puiseuac polygon construction (see your a. do 
puros ot i. lO totheseeqaations” (pp. 3'l7-s8h an4 wr 

written l)y Mr. IT. B. Fme.— In the memoir ** Sur lbs solutioBSTO* 
guU^res des equatioas dlfitirenticlles simuUan^es*’ (pp. 3x9-72); M« 
Goursat extends results obtained by M. Darboux to simultaneous 
diflerentia! equations and to equations of higher order^*-^The 
number, and volume, concludes with a nOte by J. C. Fields, on 
the expression of any differential coefficient of a fhnetion of 
any number of variables by aid of the corrcspoiiding ditforontiai 
coefficients of any n powers of the function, where n is the 
orfJer of the differential coefficient (pp. 388-96) — -All these 
papers are, of course, purely mathematical : there is a p^hysical 
paper (pp. 373-87) by Prof. H. A. Rowland, entitled ** Electro 
magnetic Waves and Oscillations at the Surface of Conductors." 
The calculations are founded on Maxwell's equations. ** In these 
equations occur two quantities, J and Maxwell has given the 
reasons for rejecting 4^, and has shown that neither T nor enter 
into the theory of waves. In order, however, that there shall be 
no propagation of free electricity in a non conductor, the com- 
ponenU of the electric force must satisfy the equal 'on of 
continuity, and this leads to components of the vector potential 
satisfying the same equation, and J = o therefore. I have 
satisfied myself that there is ab^tutely no loss of generality from 
these changes." 

In the Nuovo GiormtU Boiamro ftaiianc for July, Sig. A, 
Botcini has an interesting article on the structure ol the olive, 
e.specially on that of the several layers of tissue of which the 
ripe fruit is composed. A disease to which the crop has been 
recently liable he believes to have been erroneously attributed 
to a parasitic fungus, Sepioda greater part of this 

number is occupie<I by the proceedings of the meeting of the 
Botanical Society of Italy held iu Florence. — Prof. Arcangeli 
gives an account of a series of experiments on the amount of heat 
due to the respiration of fungi. The greatest elevation of tem- 
perature he iinds to amount to 1**25 case of Lopiola 

exc&riata. In all cases the elevation of temperature is most con- 
spicuous aiwttt midday, or early in the afternoon. -—The colouring- 
matter of the cones of Abifs exedsa is slated by big. L. Macchlati 
to be clue to a mixture of three distinct substances, two of them 
crysiallitable, accompanied by a waxy substance. 


Dai* Wetter for July contains : — (i) The second part of an ex- 
planatoi7 discussion, by Dr. Wagner, of the recently published 
instmciions for the observers of the Prussian Meleorolodiial 
Institute. The points referred to relate especially to rainfaUani 
thunderstorm observations. The author refers to the variability 
of rainfall values both as regards lime and place, and to the 
necessity of stations near each Other, to explain the irregularities 
of the yearly amounts. It is only since 1 88 7 that sucli a system 
Has been established in North Germany, where it is proposed to 
raise the number of stations to 2000, which will then only give 
one for about 77 square miles. The hours of observation are 
also discussed, the result being that the usual morning observa- 
tion cannot be altered; but the instructions direct tbtt the 
rainfall should beset down to the day upon which it is observed } 
this has generally been done in Prussia, whereas in other 
countries it is put down to the previous day. The author refers 
to the importance of the measurement of rain daring ih e passage 
of ihundervtormH, and also to the advantage to be derive from 
the more general use, at stations of the second and third ordt^» 
of simple registering barometers and thermometers, similar 10 
those of Richard Fr£res..— (4) A criticism of Herr Falb's weail^fer 
predictions taken from an article id the Cbitingm ZoUung. M. 
Falb bases his theory on the ioffaence of the sun and moon imn 
the interior of the earth, and upon the aurrou tiding media otair 
and water, and Calculates certain critical days'* from the, 
relative positions of thwo bodies. The author of the article 
has checked the predictions sent to the German agricnltttrai 
Press since April 14, and points out that although the weather 
of May has been unusually warm, tio mention of the fket wa| 
contained in the predictians, and concludes with the remark diqt 
a theory which shows sudh little success^ as in the compa^iloa hi 


question, is nseteSs to the egrioulturist-Mi) A 4escrt^tan» 
Bir. Wagner* of the new popular Ob^vatory, 



insttuments and tnibroscopes, and a spacious lecture thehtte, 
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SCCIEr/JSS 4ND ACADEMIES. 

LOfMOON. 

e "" (lc»l Hociety^ June ao,— W. J. F.R.S., 

tt* ifi the cwiir. — Th« fblJowing papers wire read :— 
tiona on the no^ting-point of some saUi^lic and anisic 
comt^ouft^, by Dr, W, H, Perkin, F, R, S. The aathor, in 
j867i describe metbylmted and ethylated salicylaldehydes as 
colourless liquids which do not solidify when cooled in a freesing 
mixturh, whereas Voswinckel states that methylated salicylaldc* 
hyde is a solid melting at 35* (/Ver. <ftr deui, them Oesdtich^y 
10^2, 20241*. Further experiments show that although the 
methylated aldehyde does not readily crystallue in a freezing 
mixture it can be made to do so, but the crystals so obtained 
melt at 2•7-|^ Prismatic crystals having the melting-point 
described by Voswinckel were once obtained un evaporaimg an 
ethereal solution of Uie aldehyde, and it is lound that if the 
oily aldehyde is touched with one of these it immediately be- 
comes a solid mass, having a meUing>im'‘nt of 35** ; when these 
crystals are fused, and' the resulting oil cooled in a freezing 
mixture, crystals melting at a*" 7-3®^ ere again formed. It is 
therefore established that methylated salicylaldehyde forms 
crystals of two kinds, having meliing-points oiffering by about 
32". — The action of propionyl and butyryl chloride on phenol, 
by the same. When pbrool is acted upon by propionyl chloride, 
a secondary product, propionyl phenol, CjM^O . Cflrl4. OH, is 
formed in addition to phenyl propionate. A corresponding re- 
action occurs when phenof is treated with butyryl chloride. — 
The nature of solutions as elucidated by a study of their freezing 
temperaturts, by Mr. S. U. Pickering. By detemrmmg the 
freezinc temperatures of mixtures of sulphuric acid and water, 
the autlior has obtained results which in his opinion confirm the 
existence in solution of the majority of the hydrates of sulphuric 
acid which have l}een indicated by a study of the densities, heat 
of d^ssolltU^>n, heat capacity, and electric conductivity of these 
solutions (cf. p. 166). — Note on the determination of the mole- 
cular weight of substances in solution, especially colloids, by 
Prof. H. E. Armstrong.— The correspondence betwem the 
magnetic rotation and the refraction and dispersion of light by 
compounds containing nitrogen, by Dr. J. H. Gladstone, F.R.S , 
and Dr. \V, H, Perkin, F.K.S. — Note on the oxidation of para- 
diamipes, by Prof. R. Meldola, F.K.S., and Mr. K. E. Evans. 
The auihorx hndthi^t theamidogroups of paraphenylenediamine 
are split ofif in the form of ammonia, when it is oxidised to 
ouinone by the action of ix>tassium bichromate.— Monobenzyl- 
aerivativos of the phenylenediamines, by Prof. K. Meldola 
and Mr. J. H. Coste. Monobenxyl meta- and para phenylene- 
diamines have been prepared, and thoir oxidalion pr^ucts 
examined. The paradiamine, when oxidized with an equi- 
molccular proport ion of benzylaniline, yields an unstable greeniah- 
blue indam ine, and when oxidized with two molecular propor- 
tions of benzyJamline at the temperature of boiling water, forms 
an azine or benzyUted saffranine which is of interest as being 
produced, in coot rad ictitm to the generally received view, from 
one molecule of a diamine, and two molecules of a secondary 
instead of a primary monamlne.— Note on a yellow pigment in 
butterflies, by Mr. F. G. Hopkins. The colour effects on the 
wipgiof lepid mterous insects are for the most part probably due | 
to purely physical causes, but in some cases pigments are un-* 
doubt ediy present A yellow pigment, which is found in its ; 
purest form in the common English brimstone butterfly, and I 
may aUo be detected in the wings of n very large number of { 
day- flying Jbepidoptera^ can be obtained from the wings by j 
simple treatment with hot water, in which it is freely soluble, and 
may be identified by its yielding u marked aiurexide reaction, 
when eyaporated wtih nitric rckI, and afterwards treated with I 
ammonia or potash. The common brimstone butterfly yields 
somewhat leas than a milligram of pimnent from each insect ; 
larger foreign species, such as those nelonging to the species 
Ce/AViryar, may yield as much as 4^5 milligrams* I^amination 
of the pigment reveals its near reJatiomdiip tb mycomelic acid, a 
yellow darivaii^ of uric acid ; and th« author aogmu that it 
way possiidy be a cot^ensation product of uric and mycomelic 
dextrosate, by Mr* A* C; Chapman — l»-bromo- 
^j^thaksueaulpbooic acids* by ,Mr. R. W* ^ndall. It i« 
mnd riiat are clble^ ^^rmed when the 

dhlCtldes of the dtatiUed 

‘^ithj^bsphonis peniadtloride^tbe.^W beeamingdis*' 

by chlorine. -^Ifiomtjrie change in the napbihalene series* 
jfei; 5 } #yiodonm)htbsdenes%honio wds* by IW- H. E- Atm- ; 
itifsftg andMr.iWt R Wyimib , A further cohtrihuUcm td the ; 


study of isomeric change in the naphthalene series, in which 
additional evidence, derived from the investigation of the acids 
obtained on sulpbonating fl iodonaphthalene under varied condi- 
tions, is adduct in favour of the view that the j 9 -derlvatives 
of naphthalene are formed by isomeric change from a-dertratlvcs 
and not by direct substitution. — I'he formation of sulpbentea on 
Rutphonotlng naphthalene-derivatives by means of chlorosul- 
phonic acid, by Mr. W. M. Heller. — Note on the hydration of 
cyanides, by Z'rof. H. K. Armstrong, Unlike the a-derivative* 
^-cyanonaphthalene cannot be sulpnonated ; if, however, it is 
dissolved in fuming sulphuric acid, and the solution poured into 
water, it is compUtciy convened into the amide of naphthoic 
acid* In like manner trichloracetonUril, CCI^ . CN, slowly com- 
bines with sulphuric anhydride, forming a crystalline compound 
which on trea ment with water undergoes immediate aud com- 
plete conversion into trichlomcetamide. These cases appear to 
afibrd striking evidence in favour of the view that hydrating 
and hydrolytic agents act by forming compounds directly attack- 
able by water ; they serve, in fact, to support the integration 
rather than the dissociation hypothesis of chemical change. — 
The existence of salicylic acid in certain genera of the JLtitacter, 
by Dr. A. B. Griffiths. The author states that he ha^i isolated 
salicylic acid from the leaves, stems, &c., of 'Julipa, Yucca, 
and liyacinthxis.-^ti the oxidation products of accnaphihcnc, 
by Mr. T. £wan and Dr. J. H. Cohen. — Schu^zenberger’s pro- 
cess for the eatimalion of the oxygen dissolved in water, by Sir 
n. E. Roscoe, F. R. S., and Mr. J. Liint. — Isomeric change in 
the phenol series (third notice), by Mr. A. R, Ding. 


Edinburgh. 

Royal Society, july i. — Dr. John Muriay, Vice-President, 
In the chair.— Prof. Tail communicated apapci,by Dr. G. Plarr, 
on the determination of the curve, on one of the coord iuate planes, 
which forms the outer limit of the positions of the point of 
contact of an ellipsoid of revolution which touches all three 
planex of reference. By considering an ellipsoid of revolution 
the numlicr of the equations to be finally solved is reduced to 
two.— Mr. A. Crichton Mitchell rrad a paper on the thermal 
conductivity^ and the specific heat, of mauf^anese steel. The ther- 
mal conductivity is one-seventh ol that of iron, and increases with 
rise of temperature, but only at half the rate at which the conduc- 
tivity of iron increases. The specific heat is i 'oOS times that of 
iron— both increasing at the s.'tme rate with rise of tempera- 
ture.— -Sir W. Turner described the placentaiion (zonary) of the 
halicore dugong.— Dr. W. Peddie di^cusiied the question Docs 
the co-efficient of absorption depend upon the intensity of light ? 
So far as his experiments have gone the answer is (as has hitherto 
been assumed) in the negative. He used a diverging beam of 
[ ^ht. the intensity varying from 1 to so.— A paper, by Dr. A. B, 
Griffiths, on the renal organs of the Ncmaioidca, was submitted. 

July IS.— Prof. ChrystaJ, Vice-President, in the chair. —Prof. 
Tait read a paper, by Captain P. Weir, on an azimuth diagram, 
and also read a note by himself on the same.— Two papers, by 
Sir W. lliom&on, on molecular ariangement, and on electrifica- 
tion by flame, respectively, were submitted.— Dr. K, W. Felkin 
discussed the geographical distribution of some tropical di'seasef, 
—Prof. Tait read a note on the comprcasibility of solutions of 
sugar. Sugar in solution increases the internal pressure, but not 
to the same extent a$ common salt doe& — Prof. Berry Ilaycrafi 
r^d a paper written by himself in conjunction wiih Dr. C. W, 
Duggan, on the coagulation of serum albumen, set urn globulin, 
egg albumen, and viteHio.— Dr. Alex. James discussed a new 
p^nt in connection with the latent perio<l of muscle cottiraction* 
— Prt^. Tait read a paper on the time of impact as depending 
on the mauea of the impinging bodies. In the substances ex- 
perimented on the dieiortion is proportion el to a jtower of the 
xlnefic energy* — Dr, Alex. Brace commxinica fcd a imper on the 
segmentation of the nucleus of the oculo-motor nerve, and he 
aidO read another on the u]>ward continuation of the spinal cord. 
—Dr. P. J. While read a description of the skull and visceral 
archea. of T^pxargus microcffhalus^—VtKii. Tait submitted a 
paper* by the Rev. M. M- U. Wilkinson, on the scalar equations 
which represent the relations connecting n points. He also taad 
a papef by himself on some novel quaternion formula;.— Prof. 
CrnmBrOvfit^naninnicaled a paper by Praf. Letts and Mr. R. F. 
Bl^a on benzyl phosphines and the action of alcohols upon a 
mixtnte oJ phosphorus mid phosphorus iodide.— Prof. I'ait com- 
munioatod a paper, by Prof. C. N. Little, on the non-alienisue 
"h knots of the eighth and ninth orders,— Tlic Chairman gave ft 
review ttte session. 
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Sydney. 

ftoyij Society of Hew South W«le$^ June 5.— f^rof. 
Liver^dge, P.K.S.*, Prenidctit, in ttte chuit. — The Ctioiroiaii 
announced that iSbe Council had awarded the Sooiety^t broiiee 
fn^al and a money priae of to Mr. Thomas WhUete^t for 
hh paper on the marine and iresh^water invertebrate iauna of 
Port JaclcBon and the neighbourhood. -^The following papers 
were read Note on the composition of two sugar plantation 
aoil-i* by W, Dixon ; and the Australian abo^ines, by W. 
T. Wyndbam.— Three new meteorites were exhibited by Mr. 
H. C. RuKselli viz. two from Barratta Station, thirty*four 
miles north of Deniliquin, weighi^ 31 1 pounds and 48 pounds, 
*P- 3706 and 3*4*9 respectively, and one from Gilgoin 

Station, near Brewarrina, 674 pounds, sp. gr. 3*857. —In the 
course of some remarks respecting ihe recent heavy rainfall, Mr. 
Russell (the Government Astronomer) stated that he had no 
hesitation in saying that if rain equal to that which fell in and 
around Sydney 20 to 26 inches) had fallen generally over 
the catchment areas of Windsor, Richmond, the upper parts of 
the Hawkesbury, and in the valley of the Hunter, most if not all 
the towns on their banks would have been swept away. — Brof. 
Anderson Stuart exhibited (Othe kymoscope, an apparatus be 
had devised for showing the action ol the heart upon the blood 
in the circulatory system, also the difference in the pulse beats ; 
^2) an appliance or means of showing that the shape of the chest 
is largely due to gravitation. 


Paris. 

Academy of Science*, July 22. — M. Des Cloizeaux, 
President, in the chair. — Summary of the solar obwrvalions made 
at the Observatory of the College Romano during the second 

K of the year 1889, by M. P.Tacchini. During this period 
vt spots have continued to diminish in number, so that 
the tninimutn appears now to have been reached. The pro* 
tttberances also snow a perceptible decrease, their height and 
expansion being even inferior to those of the previous quarter. 
—Two solar eruptions, by M. ]ules Fenyi. The forms are here 
produced of the two eruptive protuberances of September 5-6, 
IW8, described in the Cam^es r^ndus, vol, cviii. No. 17. — Re- 
atoratioQ of th* meridian and curve of mean time traced by Monge 
<m the wall of the Ecole de Giinie at M^zi^res, now the Prefecture 
of the Ardennes, by M. Cochard. At the request of the Mayor of 
Mdzi^res, the author has carefully restored inis interesting monu- 
ment of the illustrious geometrician, which appears to have 
been executed by him some time between the years 1780 and 
1784. Mongers dial is 5*Mm. high, distance taken on the 
meridian between the two solstices. — On the variations in the 
intensity of the current during the process of electrolysis, by M. 
N, PiJtschtkoflf. In continuation of his previous note on the 
initial phase of electrolysis {Cfi/npUs March 25, 1889), 

the author here describes a curious phenomenon of transforma* 
tion of molecular into electric energy, which he has observed in 
the course of his researches.— On the double elliptical refrac- 
tion of quartz, by M. F. Beautard. In a previous communica- 
tion rendus, vol cviii p. 671), tbe author described 

a new method of studying the phenomenon of double elliptical 
refraction presented by quarts at a direction oblique to the axis. 
Here he gives the 6rst results of his researches carried on by 
means of this method.— On the zinc and cadmium chromites, by 
M, G. Viard, By modifying M. Gerber’s process the author has 
suecteded in obuinlng the crystallised cnrooiites of zinc and 
czdbniam which are here described. Their respective densities are 
5**901 13* and 5 '79 at 17”.— On the formatioti of crystallized 
alkaline and alkaline-earthy platinates at high temperatures, by 
M. G. Rousseau. The author here deals with the platinates Of 
tMuryta and soda, which are shown to be as stable oa the man- 
gafUttei and ferrites. They offer a fresh example of the forma- 
tion Kd compound bodies at a temperature higher than that at 
which they ate destroyed, ^Ouandtative analysis of the bicar- 
bonate of soda in milk, by M. L. Padd. Daring his researtdies 
into the oahtes of the dfsappearanoe of the greater part of the 
alkaline elehietit Ih the soluhte aidies of milk, to Which the bi* 
carbosmteof soda tias been adifed, the author has discovered an 
exact method of ef^ng theaaalysU Of this salt. Darina 06m- 
bOftion olmt two-thirds of the oarimate of soda am tram&rmed 
io the phosphate of soda hnd the carbonate of oalcinm byse- 
actiiig cm the pho^fhatO of oslcfyin . oontaiiied In the milk* 
Aooordittf to this tramdbmatkm the phosphate Of soda Is cos« 
tabled in the ashes of a milk to which the> mboiiatedf soda has Ij 


been added, But the soluble ashes of a pure milk being but 
slightly nlksline, and containing only traces of phosphoric acid, 
in order to ascertain exactly the q)iantity of bicarbonate of so^ 
that has been added, all that is needed is to take the alkatinii^ 
of the ashes and analyse the phosphoric add contained in thdh* 
—Study of a molar of an elephant and of the process by which 
it is fixed in the moxiltafY, by M. V, Galippe. The recent 
death of an elephant in Parts allbrded the author an oppor- 
tunity of studying the general structure of the gum in this 
animal, ns well as certain pathological leslot^ the analysis of 
which is here given in detail — Papers were dbntiibuted by M. 
J. Mac^ de Ltfpinay, on the interference fringes produced by 
extended luminous sources ; by M. Ad. Carnot, on the ammonio- 
cobaltic tungstates and vanadates ; by M. E. DuvilUer, on 
a-diethylamido'propionic acid ; by M. J, Courmont, on a new 
bacillary tuberculosis of bovine or^n ; and by M. H. Wild, on 
tlie earthquake of Wenty indicated by the magnetic and electric 
registering apparatus of Pavlov.sk. 
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EMPIRICAL LOGIC. 

Thi RriPtctpies of Empirical or Inductive Logic. By 
J«>bii Venn, Sc.D., F.R.S., Fellow and Lecturer in the 
Moral Sciencoaf Gonville and Caius Collegfe, Cambridge. 
(London : Macmillan and Co., 1889.) 

T hose familiar with Dr. Venn^s previous logical 
writings felt sure that his new contribution would 
at least be something very ditferent from an ordinary 
text-book. There is a novelty, perhaps something of a 
quaint peculiarity, j[n the manner of viewing and illus- 
trating his subject, which gives to the authot^a works an 
appearance of originality which might be easily confused 
with that which is due, as in the case of such a treatise 
a« Mill's ** Logic/' to a radically new conception. And 
to say this in these days, when logical text-books are 
multiplied, and, as some would think, all the old problems 
have been finally threshed out, is no small praise. In 
the less frequently explored helds already traversed by 
Dr. Venn — the logic of probability and symbolic logic— 
there was, of course, more room for such fresh treatment* 
This freshness is, however, Just as conspicuous in the 
new treatise, which goes over the well-trodden ground of 
common logic. If anybody is stupid enough to think 
that logic is necessarily a dry subject, he may be recom- 
mended to look into Dr. Venn's last treatise* It is brim- 
full of shrewd observation, of apt illustration taken from 
the least conventional sources ; more than this, it has 
humour, and it has fancy — a logician’s, of course, but of 
a genuine quality. 

In his general stand-point the author is, as the title of 
his book tells the expert, and as he fully discloses in his 
introdu ctory chapter, not far from that of Mill. That is 
to say, he is an out-and-out materialist. Logic is not, as the 
formalist says, concerned only with the mind's thought 
and its normal forms, but occupies itself about the relation 
of this thought to objective fact or existence — thfat is, 
about objective truth. Hence here, as with Mill, we find 
the reference to reality running through the whole treat- 
ment of the subject. This emphasizing of the objective 
aspect is made sufficiently plain by the fact that, in his 
first chapter, before taking up the common topics, terms, 
propositions, &c., he deals at great length with the phy- 
sic^ foundations of inference," the assumptions with 
respect to the nature of the external world with which 
the logician sets out. In some directions, indeed, Dr. 
Venn carries this objective reference further than Mill, and 
with good results. Particularly valuable is the account 
of the meaning of reality or objective truth in the case 
of fictitious ideas, as "dragon." At the same tinae, 
Otir author la very far from makihg logic a purely ob- 
jective science in the sense in which the physical sciences 
are objective. Having to give an account of and to pro- 
vide r^cs fot inference, it must at every step take into 
account the eubjective ad well Thus it has 4 o 

cbhsidor facts so far as .^they are known, and, whilst it 
Insists that names of rea}things«it no 

names enm up and ton* 
Ichowledgewe ha^n to possess of 
ht any i^cular tlmi. The itss4y g fosp of 
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this twofold aspect of the subject-matter of logic gives 
Dr. Venn a great advantage in the treatment of details. 
This is strikingly illustrated in his whole account of the 
connotation of names, and the related subject, definition. 
What a common name, e.g. " gold," means is of course a 
group of qualities known to exist in certain real things ; 
but a glance shows us that these are not all the qualities 
that exist in the things, but only a certain portion of these 
conventionally selected. So again, in dealing with hypo- 
thetical propositions, the author turns his recognition of the 
double aspect to good account. A hypothetical statement, 
of the form, "If the summer is hot, the supply of water 
will be diminished," has at once a reference to clear 
objective fact, and to the nund's doubt or ignorance. The 
mind's attitude of doubt is seen in the very form of the 
supposition, " the summer is hot," the objective cer- 
tainty reveals itself in the inference confidently drawn 
from the supposition. Qne may add that it is this same 
just recognition of the equal rights of subject and object 
in logic which accounts for his taking a more modest 
view of induction than Mill. He tells us in his preface 
that the title " Empirical Log^c " is intended to show that 
"no ultimate objective certainty, such as Mill, for in- 
stance, seemed to attribute to the results of induction, is 
attainable by any exercise of the human reason." Mill’s 
confident repose on a system of universal law has .been 
rudely handled by writers like the late Prof. Green, who 
denied his right to reach such universality on his purely 
empirical or Humean basis* And now we have scientific 
men like the late Profs. CUfibrd and Jevons, and Dr. 
Venn, urging from Mill’s own empirical stand-point that 
experience can never guarantee such perfect universality. 

In the case of a work like the present one it is difficult 
for the reviewer to give, by means of a few typical refer- 
ences, the scope and gist of the argument. As already 
hinted, it is not in any sense a new logical system. In- 
deed, it can hardly be called a complete system at all. 
It does not take us in an orderly, systematic manner 
through all the well- recognized divisions of the subject. 
Thus a large part of the domain of the common syllo- 
gistic logic is very slightly dealt with, if at all ; no refer- 
ence being made to the so-called laws of thought, or the 
axioms which underlie the thinking process so far as 
this is merely self-consistent. Nor even if we view it 
as a treatise on inductive logic can Dr. Venn’s work 
be called complete, since some of the most important 
matters appertaining to induction— for example, ex- 
periment in relation to observation, the deductive 
method, scientific hypothesis— are altogether passed by, 
or only just referred to. In fact, Dr. Venn’s volume, 
which he tells us embodies , the substance of courses of 
lectures, must be regarded as a series of discussions of 
some of the more important or more neglected points of 
logic, having a certain connection from the fact that they 
imply de voir, and the same fundamental 

principles. This being so, one must try to indicate um 
quality of the work by a reference to one or two of the 
more important matters dealt with. 

To with the first chapter, which is an excellent 
compact sfotemeni of the main pre-suppositions of 
matorial logic, Dr. Venn has done good service in 
showing how much work of Che mind has gone to the 
eOfistruction of the world of objects with which the 
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togSdan settouty AU that he says here about the work 
of analysis and synthesis might perhaps be translated by 
a Kantian or a Htfeban into his own phikisophica! 
dialect. What our author^ however, is concerned to 
bring out is the practical motive that underlies our 
common thought-distinctions. He shows in a striking 
mmmer that there is something arbitrary in our way of 
dfwnarcating things ” or “ objects " though this is justi- 
Bed by practical exigencies. The recognition of this 
elasticity in our conception of a thing enables the writer 
later on to handle with good e£fect the common distinc- 
tion between concrete and abstract terms. These, says 
our author, are not absolute, but relative designations. 
** Hardly any object, as objects arc regarded by us, can be 
sheeted, which is not to some extent a product of our 
powers of abstraction, and the more or less of this faculty 
called into play in any particular case hardly warrants us 
in hdH^lling the instances respectively with such distinct 
designations.’' 

Somewhat similar considerations are applied to 
collective terms. There is nothing,” writes Dr. Venn 
in his most ingenious vein, to hinder us from taking 
a * scratch lot ' of things, to use the slang phrase, 
and giving a name to the lot with the caprice which 
we show in naming a yacht or a dog,^’ the persons 
'who*happen at a particnl^fcn moment to be in a given 
s^ce in Fleet Street iThla, idea of the arbitrary limits 
wtu* common dittinctidns made good use of in the 
tre 0 mttt of the relation of the subject and predicate 
in p^ositions where, as too rarely happens in English 
wot^s on logic, adeqtiate recognition is taken of im- 
personal propositions. With reference to this last topic, 
however, it Should be said that Dr. Venn’s treatment, 
though fresh and suggestive, is hardly adequate. He 
•eems to start from the supposition that logicians resolve 
an forms of predication into attribution of qualities to 
things (the subjects). This is to ignore the careful analysis 
of the import of proportions carried out by Mill, Bain, 
and others'. 

In a work on inductive logic the mode of dealing with 
causation may be said to be conclusive as to the writer's 


lation. No doubt, as he contends, every concrete 
event is a highly complex group of elements, fol- 
lowed by another complex group. But’ the logician is 
dealing with causation for purpose,s of induction. He 
assumes that the investigator must generalise, and gene- 
ralize as far possible, if he wishes to attain his goal, viz. 
comprehensive principles or laws. A general statement, 
such as Friction produces heat,” is, no doubt, in a sense 
highly elliptical. There must of course be, in every case, a 
dehnice set of circumstances in which the friction acts and 
the heat is developed. But there is no need to refer to 
these in stating the general truth ; on the contrary, this 
statement, just because it is a large principle available 
for guidance in a vast number of diverse cases, must be 
an abstraction. Historically considered, moreover, it 
may be said that Dr. Venn makes too much of the 
practical impulse in the genesis of our idea of causation. 
ITlinitive man, as soon as he could form an idea aJbo^t 
cause at ail, was presumably already beginning to 
about the origin of things, and to work out a crude 
cosmogony of his own. 

On the nature of inductive processes, and the well- 
known methods formulated by Mill, our author is dis- 
tinctly in advance of his predecessors. With his customary 
caution be points out the diHlculties that have to be got 
over before generalization can begin. Combining in a 
manner the views of Mill, Whewell, and Jevons, he re- 
gards a complete process of inductive discovery as con- 
sisting of three steps, viz, (t) a stroke of insight or creative 
genius in order to detect the property to be generalised 
(and possibly also the class) ; (2) the formal process of 
generalization; and (3) the final stage of verification 
(apparently by way of deduction). The chapter on the 
methods is judiciously critical, and may with advantage 
be compared with Mr. Bradley’s less discrinsi|^ting treat- 
ment. The way is prepared for a study of the complex 
problems of physical induction by the selection of a 
simple artificial example, viz. the case of a man in an 
hotel office, who has to determine what room rings a 
particular bell. This case is dealt with by purely format 
considerations, similar to those which guide us in the 


cp^pctonce. Dr. Venn's account forms one of the most 
viable portions of his work. Very happy and fhiitful 
in eimplifipattem and the dispelling of confusiqp is his 
idea that the, logician in dealing with the relation of cause 
knd eifect stands midway between the point of view of 
practical sense ^nd that of a rigorously 
' or speculative intelligence. The popular view 

and is subordinated to the {n-oduction of 
efieefs. The logician improves on this, first of 
by enumerating the antecedents more completely, and 
fondly by ** screwing up the cause and effect into close 
jlhttapo^iofi/'-^fhat is, into mi approximately immediate 
At the same time, he does not aim at absolute 
in either respect, for this, as the writer 
^ows^^uld be to ddea| his end. He retains something 
df the popular practicfldHy of view, and this is ingeniously 
illustrated in the common lexical doctrine thalt, whenws 
the same antecedent can only be followed by one 
conseq^nt, the tame consequent can be preceded 
by (Bnerent ahtdcedtnb (plnrality of causes)* Ber- 
baps Dr. Venn is a little hard on MHl add bjrithins 
gently their way of fbitnulgting the causal 


problems of symbolic logic. U is then shown that such 
purely formal treatment is inappropriate in the case of 
physical investigations, and the special methods of induc- 
tion are thus introduced as a jliV a/ 4 rr. The author is. 
mOBi original in dealing with the joint Method, which 
every careful reader of Milfs “ Logic must have felt 
was very far from clear. 

There are other features in Dr. Venn’s scheme of 
induction which deserve careful notice. Among these 
may be named the account of co-existences as distin- 
guished from sequences (chapter ill.) ; the description 
of the nature and funedon of units and standees 
{chapters xyiii and xU.), which is less technical and more, 
suitable to. a logical treatise than that given by Jevons ; 
the highly ^aracteristic chapter on the possible exten- 
sion of our general powers of obaervathm (chapter xxiri.), 
where the idea is entertained of ^ 4^lng able sesno 
"^ay to spread out an event in time jmt as the teleadope 
and the mianoscope us jto sp^nscS out an 

in space; atid, lastly, the dis^s(0tKin4he 
chapter of the effitctof our pr^^adsihsden)i:ies ^^t^^ 
fybi^ m styiCtly Ipilfkal hr s|^u^tve 
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Amy one of these might well call for detailed remark 
If space permitted. They show the author at his best, 
iliiely observant of overlooked points^ subtly ingenious 
in devlf^ing new, quaint, and even startling possibilities. 
But the reader must be rdferred to the volume itself for 
a fuller appreciation of these qualities. 

When one has gained much pleasure and profit from 
a work, it seems almost shabby to begin to find fault. 
Yet no critical reader of Dr. Venn's tieatise can fail 
to perceive its defects. It is as if the author had boldly 
set them before our very eyes challenging criticism. 
The want of close connection has already been touched 
on. There seems, indeed, a surprising lack of systematic 
arrangement, as if the author bad sat down to write 
without a clear pfan before him. Poor formal logic 
gets badly treated. Thus we have an acco unt of tenns, 
propositions, including hypotheticals and disjunctives, 
but no account of the syllogism. Nor can it be said 
thist the writer has introduced just as much of the 
common syllogistic logic as is needed for setting 
forth the processes of induction. Much given us 
under terms and propositions cannot well be regarded 
as needed in a treatise on the logic of induction. Some- 
times, indeed, the author wanders into the mystic region 
of symbolic logic. Again and again he opens up in a 
tantalizing way views which he does not stop to establish. 
One may instance the point touched on (p. 43), whether 
the converse of a particular proposition is in substance a 
new proposition. This depends on our view of the im- 
port of a proposition, which, as already pointed out, is not 
adequately dealt with. Again, the author seems to deny 
the existence of a negative disjunctive of the type Either 
A is not B or C is not but he docs hot trouble to 
prove the point, or indeed to make clear what he precisely 
means. It i» surprising, again, to find Dr. Venn discuss- 
ing the fun^itibns of the syllogism not only w'ithout giving 
any preliminary sketch of it, but without the barest refer- 
•ence to the nature of the axioiti which underlies it. On 
the other hand, a good deal that is known to the general 
■student from previous works (including the author's' own) 
is needlessly repeated, and helps sadly to swell the sire of 
4 he volume. Another feature that will strike every careful 
reader, and which is strongly suggestive of defective plan, 
is the frequency of the forward reference, as “ we shall 
see by and by," and so forth. "This is apt to be very con- 
fusing. In noting this, together with the comparative 
infrequency of the backward reference, one cannot help 
thinking of the authdris remark on the popular view of 
causation, that it looks forward rather than backward. 

A number of the authors sutements seem to the 
fmsent writer open to dispute. It must be surely a 
slip which makes him write of the olassificarions of 
mttufa} hietory' hs made up of terms (p. 170}, 

The Ptootyledons atis ^^nely not a colieetkmin the sense 
in Whkh the House of Commons is a coUection. The 
UiOhation of tbtt denoMioh of terms to present existences 
<p. 179) slrikei one not only m highly capricious, but as 
incenelsterk wfrh wha^ is add about difremnees of time 
in oodnecdoh with pritdioarion. Once more, one would 
IfW the strontt eiatnment that the only easily 

inscat^ bc « pmiy verhbl dispute k that 

In one place, 

t)to Writer's ihgibnahy saeou to carry Mm too lhf.r 


Writing of logical definition by genus and differentia 
(p. 302, by a slip written genus and species), Dr. Venn 
tries to show that this is perfectly rational on the supposi- 
tion (which logic is botmd to make) that we all know 
the meaning of our terms, or, since the very need of 
defining a term shows that there is one term of which 
this cannot be supposed, of all ternria but one. But it is 
obvious that this consideration would equally suggest or 
justify an inverse process of definition, viz. by naming a 
lower species, and subducting its difiereutia. Such slight 
blemishes as these are probably inseparable from Dr. 
Venn's manner of work, and it can safely be said that 
they detract but little from the general and lasting im- 
pression of masterful competence which his volume is 
certain to leave on the student's mind. 

James Sully. 


J^EAfSEN^^ INORGANIC CHEMISTRY:^ 
Inar^anic ChemUiry. By Ira Remscii, Professor of Che- 
mistry in the Johns Hopkins University, (London : 
Macmillan and Co., 1889.) 

T his book h of interest from the circumstance that it 
is the first of its kind in the language of any preten- 
sions which is based upon the periodic law. Ic is further 
characterized by the fulness iwith which general relations 
are discussed. The attempt is made to present the facts 
of inorganic chemistry in such a manner as to bring out 
their analogies and connections, with a view of elucidat- 
ing the broad general principles of the science. Details 
of experiments, either as showing the origin and modes 
of preparation of products, or as illustrating their leading 
properties, arc for the most part omitted, or are relegated 
to an appendix containing special directions for laboratory 
work. The book is put together in a plain, straightforward 
manner, with no attempt at any literary airs and graces ; 
indeed, we may add that at times the style verges on a 
simplicity which is perilously near being puerile. Having 
said this much in commendation of the general plan of 
the wor.c, we have said all we can say in its praise. For, 
however excellent may be the plan of a treatise of che- 
mistry, its main value, after all, must depend upon the 
accuracy and completeness of its statements ; and, as we 
procee4 to show, there is much rn this book which is both 
inaccurate and incomplete. From the style in which it 
is issued, and its price, we presume that the work is in- 
tended for the benefit of comparatively advanced students 
— at all events for a higher grade than that for which the 
author's well-known smaller books were prepared. In- 
deed, we are distinctly informed that the earlier works 
were intended to form a scries of which the present 
volume is the most advanced member. Now, whilst it 
may be convenient for the purpose of elsmentary teach- 
ing not to cell the whole of what is known about a tliiogi 
|he advanced student, if he has any scientific instinct 
St all, insists on knowing the truth, the whole truth, and 
making but the truth. Unfortunately, he does not always 
get that from this work. Prof. Remsen is admirable in 
his introductory books. In these there is a reticence of 
statement and a subordination of facts which make the 
books excellent (or the purposes of school-teaching. But 
In the larger book it appears to us that the author suffers 
from the defects of his excellencies : what is a merit in 
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the Briefer Coursea ^ becomes a positive blemish in the 
advanced work. Indeed^ the volume before us seems to 
be nothin]^ but Ait small^ work on inorganic chemistr)^ 
writ large/’ since in point of knowledge the student i* 
not carried very much further than he is in that book. 
Take, for example, the statement respecting the mode 
of preparing hydrogen, given on pp. 26 and 27. We 
read that, when sulphuric acid acts upon zinc, the che- 
mical change is represented both qualitatively and quan- 
titatively by the equation Zn + «« ZnS04+ 2H. 

This is stated without a word of qualification, in a long 
paragraph on the complex nature of the changes which 
take place in a chemical reaction ; and yet every teacher 
knows that this equation does not express the truth, the 
whole truth, and nothing but the truth about the matter. 
Again, too, on p* 30, in the account of the mode of pre- 
paring oxygen, we have the conventional methods of 
representing the decomposition of potassium chlorate 
into equal parts of per^lorate and chloride, and the 
subsequent decomposition of the perchlorate into chlor. 
ide, whereas Teed, and, subsequently, Frankland and 
Dingwall, showed some years ago that these equations 
altogether fail to represent what actually occurs. 

McLeod's work on the part played by the admixed 
manganese dioxide in facilitating the evolution of oxygen 
from •potassium chlorate is perhaps too recent to have 
received notice in the very mea^e account given of the 
supposed modes of action of this substance ; but the 
space occupied by the description of gnomium," which is 
still more recent, might, we think, have been more profit- 
ably employed by some mention of Mercer's theory of 
catalysis." This poverty of statement is, at times, 
almost exasperating. The account of Lavoisier's work, 
on p. 5, would have seriously jeopardized the chances of 
a London University matriculant if given in an examina- 
tion paper. Nine out of ten average students would 
gather from this account that Lavoisier made chemistry 
what it is to-day by proving why it was that, ” whenever 
water is boUed for a time in a glass vessel, a deposit of 
earthy matter is formed," With respect to the etymology 
of the term oxygen, it is stated that “ the name Is at 
present somewhat misleading," which might imply that 
it may possibly become less so in the future. On p. 298 we 
are told that it was in an examination of urine for the 
purpose of discovering the philosopher's stone that 
phosphorus was first discovered in 1669.” On p. 383 
it is stated that "the name soda-water had its origin in 
the ladt that the carbon dioxide used in charging the 
water frequently made from primary or acid sodium 
carbonate." Are we to infer also that Hthia and potash 
waters are prepared from carbonic acid evolved from 
the carbonate of the respective metals? On p, 141 we 
read that Lavoisier "considered chlorine to be an 
oxygen compound of some undiscovered element which 
was cidkd murinm. ; . . The acid was accordingly called 
fmriatUadd . . If thip implies that the term muriatic' 
acid'^ was derived from it is contrary to La« 

voisieris own account of the origin of the name* On 
pp^ 60 and 6 t of his ^Idmentoire deOhimie,” 

partie t, chap. iil. (" CEuvrei de Lavoisier " Imprtn^de 
Impdriale), " De U hiomenolature des Acides m 
et fMttticuMrement de oemt tirds du s^piitre ^ dp sal 
he says :--- 
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" Rien ne nous a dtd plus facile que de comger etde 
modifier I'ancien langage h I'dgard de ces acides ; nous 
avons convert! le notn d'acide vitrioHoiie en celui d’acide 
sulphunque, et celui d'air fixe en celui d'acide carbonique ; 
mais il ne nous a pas possible de suivte le m&me plan 
h regard des acides dont la base nous inconnue. 
Nous nous sommes trouvds alors foreds de prendre une 
marche inverse, et, au lieu de conclure le nom de Tacide 
de celui de la base, nous avons nommd, au contraire, la 
base d'apr^s la d^omination de Tacide. Cest ce qui 
nous est arrivd pour I'acide qu'on retire du sel marin ou 
sel de cuisine. . . . Nous avons nommd cette base incon- 
nue ^ase muriatiquey radical muriatiquey en empruntant 
ce nom, h r example de M. Bergman et de M. de Mor- 
veau, du mot latin muria, donnd anciennement au sel 
marin.” 

And in the index it is given : “ Acide muriatiqui^^on 
nom ddrivd du mot latin muria, 61.” As a matter of fact, 
the term was employed by Beigman and Scheele some 
years before the Lavoisieran nomenclature was published 
Loose, imperfect, or partial statements are, in fact, to 
be found on every other page. The word eudiometer is 
derived from ctfdca, calm air, and perpov, a measure, " be- 
cause it is used for the purpose of measuring gases (p. 51)." 
On p. 61, dissociation is defined to be "the gradual 
decomposition of a chemical compound by heat.” Con- 
trary to the statement on p. 44, hydrogen has not been 
liquefied. If this gas does not unite v/itb oxygen at ordinary 
temperatures (p. 45), how is the action of platinum foil 
and of the Ddbereiner lamp explained ? The well-known 
process of extracting silver from argentiferous lead h 
called Pat/isan^s method (p. 598). On p. 304 it is stated 
that phosphine unites with hydrochloric acid to form 
phosphonium chloride, and the statement is made that 
the reaction is perfectly analogous to that which takes 
place between hydrochloric acid and ammonia. It is 
nothing of the kind: phosphine and hydrochloric add 
I only combine under pressure, and the compound is dis- 
j sociated, at ordinary temperatures, when the pressure is 
released. To judge from the statement on p. 281, the 
author is ignorant of the work of Tilden on the oxy- 
chlorides of nitrogen* The rusting of iron (p, 693) is not 
due to moisture in the air : iron does not rust in moist 
air in the absence of carbonic acid, as every tin-plate 
worker knows, and as Crace-Calvert, years ago, con- 
clusively demonstrated. On p, 121 we have an account 
of chlorine trioxide, although Garsarolli-Thurplackb, 
more than eight years since, working under Febal's direc*^ 
tion, showed that the substance so designated Is a mix- 
ture of the dioxide with varying quantities of free chlorine 
and oxygen. The author still believes, apparently, in the 
existence of the ammonium-amalgam, aM wholly ignores 
the work which shows that it is xtothing but a metallic 
froth. He incorrectly describes the action of sulphuric 
acid upon potassium permanganate (p* 68$), and trolls us 
that no 0)^ygen compound of fUmine is known, in 
of the existence of an oxyfiuoride of phosphorus. The 
argument as to the valency of fiuorine and the constitu- 
tion of fiuqsiltcic acid^. 4X^)t based on the suppoaiid^h 
that hydro^uoric add has the formula HtP|» 

faBs to the ground in view of eecent work of 
and Hambly. Thesb by no meant exhaust ah thaoirqtf 
we had hut , the \\nt is sndkievUy Slong ^ 
that the book has apparently hete fud 
care^idy put loge&ut. |t hi^ oinNdn 
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fMiltntt, and 1 ^ a Judicious overhauling might be made 
into a gocMl book, for it is precisely one of those works 
that would have been better if the author had taken 
more pains. 


THE MIDDLE LIAS OF NOR THAMPTONSHIRE. 

The Middle Idas of Northamptonshire, By Bceby 
Thomson, F.G.S., F.C.S. Pp. 15a (London: 
^impkin, Marshall, and Co., 1889.) 

‘T^HE fiub-title of this work explains that the subject 
is considered stratigraphically, paleontologically, 
economically, as a source of water supply, and as a 
mitigator of doods. 

The author commences with some account of the 
bpds grouped as Middle Lias, there being considerable 
difference in the classifications adopted by geologists, 
from the fact that the distinction between Middle and 
Lower Lias is mainly dependent on fossils. In con- 
sidering this matter we have to deal with a series of clays, 
exhibiting a succession of organic remains, intimately 
connected, and yet characterized at different horizons 
by certain species of Ammonites. There are no strati- 
graphical planes of demarcation for our guidance, and it 
is merely a matter of convenience (or inconvenience as 
the case may be) to adopt a divisional line. The subject 
was discussed at some length in Nature (vol. xv. p. 
1 1 3) and we may therefore pass on to say that Mr. 
Thompson includes in his Middle Lias the zones of 
Ammonites margaritatus and A, spinatus^ in this respect 
following the plan adopted by the Geological Survey. 

with the junction of the Middle and Lower Lias, 
so with that of the Middle and Upper Lias, there is, at 
any rate in Northamptonshire, evidence of intimate con- 
nection. Wc find, in fact, a “ transition bed ” between 
Middle and Upper Lias ; and this, although but a few 
inches thick, has furnished a large number of fossils to 
Mr, T. Beesley, Mr. E, A. Walford, and the author of 
this work. Much interest attaches to this transition bed, 
lit>m the fact that it contains an admixture of Middle and 
Upper Lias fossils, although a larger proportion of the 
former. Among the Upper Lias Ammonites found in it 
are A^ communis^ A, annulatus^ and A^ Holandfei; 
and it is noteworthy that A, communis and A, crassus 
are recorded also from the Marlstonc below (stone of A, 
spinatus). All these species arc very closely connected, 
and the abundance of A, communis in the lower beds of 
the Upper Lias of some parts of England, serves to show 
that its value as a zonal species in the uppermost beds is 
very local. We note that Mr, Thompson speaks of 
faicifer Ammonites--^ mode of expression with which 
we fully sympathize, fbr the species, unfortunately, are 
’hecoming so much subdivided that before long no one 
but a spedaiist in Ammonites will dare to identify any 
form^ 

‘ The work hefote uft weU illustrates the progress made 
id pur knowledge of the details of BHtish formations, 
author has evidently laboured long and earheatiy at 
fodeed no one but a resident gwlofiw 
; particulars of the subdivisions 

^ Middle Lias and the fb^ls that occur in the 


different layers, for some sections yielding valuable in- 
formation are open but for a short time, and the gecK 
logist who spends but a few weeks in a district, may fail 
to find exposures of every zone. Moreover, now increasing 
attention is given to the biological history of species, the 
precise position they occupy in the series of strata is of 
the greatest importance. Hence the work is of value not 
merely from a local point of view, but as contributing 
much material that will help towards a full knowledge of 
the Lias of Britain. 

Summarizing his results, Mr. Thompson catalogues 94 
genera and 273 species from the Middle Lias, includ- 
ing, however, but few of the Foraminifera. Vertebrate 
remains arc scarce, but the conditions of deposit, as 
remarked by the author, were to a large extent shallow 
water and littoral marine— conditions that appear to be 
generally unfavourable to the preservation of the fishes 
and reptiles of the Lias. 

The economic products of the Middle Lias are duly 
noted by the author. These arc practically confined to 
building-stone and brick earth. The valuable iron ores 
found in some localities hardly come into the area, 
although some beds were at one time worked at King’s 
Sutton. 

Considerable attention has been given by the author to 
the question of water-supply, and in 1881 he suggested 
that the supply for the town of Northampton might be 
increased by the formation of a number of dumb-wells. 
In this way he anticipated that the surface drainage 
might be conducted underground through the Upper Lias, 
so that the porous beds of the Middle Lias would be 
utilized as a natural reservoir, while at the same time the 
liability to floods would be lessened. The scheme was 
brought before the Town Council, but, as the author 
candidly admits, the Water Committee, after consulting 
Sir Robert Rawlinson, were fully justified in rejecting it. 
It is, however, far from apparent that the scheme was 
faulty in theory. The natural storage of water has been 
advocated by several authorities, and it has been put into 
practice in India. The whole subject is worthy of close 
attention, and we can commend this portion of Mr. 
Thompson's book to those interested in the questions of 
water-supply and drainage, H. B. W. 


OUR SOON SHELF, 

A Dictionary of Explosives, By Major J. P, Cundill, K. A. 

Published by the Royal Engineers Institute. (Chatham : 

Mackay and Co., 1^9.) 

It is impossible to look at this list of explosive substances 
prepared by Major Cundill without coming to the conclu- 
sion that the chemist has had little to do with the most of 
them. Mixtures are things which do not delight the 
chemical mind either in an explosive substance or any- 
thing else, h places too much reliance on some mechanical 
operation, mixing or something of that kind, to give the 
chenncal notion of exactness in its composition. 

A theoretically perfect explosive would be a substance 
like hexanttro-benzenc, C0(N 0#)^, but this has not yet been 
made. The variety and curious nature of substances and 
mixture^, many of them solemnly patented, described in 
this book, are most interesting. One, amongst several, is a 
mixture of carbonate of lime, chloride of sodium, and 
urine evaporated with charcoal It seems pretty harmless 
as an explosive. Not so, however, many other mixtures 
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^ont^ii^ing poUs»ium chlorate for which safety is claimed, 
it ii really tjuite incomprehensible how people with the 
aU^tf St knowledge of chemistry can propose mixtures 
containing' potas^iiiih chlorate ’ and organic substances, 
and in many cases ^ven sulphur as well. 

By drawing the attention of chemists to the amount 
of nonsense palmed off on the Patent Office, this little 
book will $c ve a good turn ; but it is also of practical 
value, as extracts from the specifications are given in 
many cases which may save much seeking. 

Some advice at the end of the book is useful, especially 
to those interested in explosives in a professional way, but 
M;ho arc not sufficiently chemists to be able to deduce it 
for themselves. Possibly it is the fault of the speci* 
fications, and not the author, that benzene is written in 
several ways* benzole, benzine, &c. 

On p 68 there is an equation to represent the products 
of gun-cotton when detonated, to which perhaps some 
exception may be taken, but after all but slightly, for 
there is still much ignorance on the matter. It is 

- qCO 4 * 3CO, + yH^O 4 N,. 

It T5 very doubtful indeed whether any of these nitrates 
can be biirnt under any conditions without yielding a 
considerable quantity of oxides of nitrogen as end products; 
probably NO in the fiist instance^ which takes up oxvgen 
bom the air, and is undoubtedly the greatest drawteck 
in the use of gun-cotton, glycerol nitrate, and similar 
substances. 

Some advice is given about nitro-glycerine on p. 39. 

” Any indication of acid fumes or tinge of green should be 
followed by their prompt destruction with suitable pre- 
cautions.’* IL would have been well here to give some 
precautions even at the risk of repetition, for it is not safe 
to play with nitro glycerine w'hen in this state. The I 
author might have added that an addition of aniline at 
this stage renders the destructive operations much safer. 

Under the heading of smokeless and noisekhs ” gun- 
powder. little more could be said at the present time than 
the author has ventured upon. We do not quite believe 
that a “ noiseless” explosive will be so easily found as a 
smokeless one. Such a substance belongs almost to the 
category of explosives that act in “one direction only,” or 
have no recoil. 

We think the book, will be useful in several ways. 
Blank pages are inserted for further additions to our stock 
of explosives, safe and unsafe, as they are published. 

W* R. H. 

Gaseoux Fm/, By B. H. Thwaite, (London ; Whittaker 

and Ca, 1889 ) 

This little book of forty-six pages contains the substance 
of a popular lecture delivered by the author, under the 
auspices of the Manchester and Salford Noxious Vapours 
Abatement Association. It gives an account of the prin- 
ciples which underlie the economical consumption of fuel 
in general, and of the various forms of “ gaseous fuel ” 
in particular, and more especially of those forms in which 
itkt lecturer is professionally interested. The book, of 
course^ makes no pretensions to deal with the subject 
exhaustively : its main object, apparently, is to direct 
attention to the advantages of smokeless fuel as com- 
pared with coal as ordinarily burnt. The author is oc- 
casionally to be found tripping in his chemistry and 
physics, and there are, now and then, a few awkward 
turns of expression. Thus, we resad that firet^amp k a 
light carbureUed hydrogen, one of the gaseous paraffines 
or methane, its principal fbrmula being chiefly 
(p. 15), The inventor of the welLkaown laboratory 
burner is styled “Baron tiunaen,” On p, 34 we read ; 
“ The principle of the development of motive power by 
the ii^atantaneous combustion of gaseous fuel rests in the 
Iftwii of Charles Gay Lussac ^nd Boyle that the 
pressure exerted by a gas varies directly as its vo}ume4^ 




The author seems to imply that the idea of using the 
fire-damp at Hebburp Colliery, near Newcastle, originated 
in a suggestion made by him some two years ago iO 
tng. In reality, the idea is due to the yopp^r 
Buddie. Indeed, as a matter of fact, blowers which have- 
been encountered in the process of working have been 
frequently utilized either for heating or illuminating pur- 
poses ; notable examples are at Llwynypia and at Pandy, 
in the Rhondda Valley- 

A Treatise on Spherical Trigonometry ^ and its Applica- 
tion to Geodesy and Astronomy, With Numerous- 
Examples. By Dr. J. Casey, F.R,S. (London : 
Longmans, 1889.) 

This is a sequel to the large “ Plane Trigonometry ” by 
the laauie writer, and is naturally drawn up on the same 
plan. Its size is handy, and yet it contains a very large 
amount of matter. Much of this the author claims to be 
original, and a great deal, as in the case of the “ Plane 
Trigonometry/’ has been collected from the foreign 
mathematical journals, 1'hc first three chapters covtr 
familiar ground, with here and there a new feature in- 
serted. Chapter iv., entitled “ Various Applications,*' gives- 
properties of transversals, of isotomic and isogonal 
conjugates, of the Lemoine and symmedian points, and 
of some other lines with which recent plane geometry 
has made us fatniliar—more especia'ly our author*® own 
“ Sequel to Euclid.” Chapter v. discusses the spherical 
excess, and in chapter vi. we have a full account of small 
circles on the sphere. Tlic subject of inversions is dis- 
cussed in chapter vii., and in chapter viii. we have full 
details of the polyhedra. The last chapter gives an 
account of numerous applications of the subject, as to 
geodesy and astronomy. It would be almost impossible,, 
wc should say, to light upon a theorem elsewhere which 
is not contained here. More than 500 exercises afford 
scope for practice. As in the case of the “ Plane Trigo- 
nometry, '* the author*® great indebtedness to Prof. Neuberg, 
of Lidge, is suitably acknowledged, for jt is through this, 
gentleman’s courtesy the book is brought so thoroughly 
into touch with Continental sources of information. 


LETTERS TO THE EDITOR. 

[ Tki Editor does not held himsetf nsponsihle for opinions «»• 
pressed by his correspondents. Neither eon he undertake 
to return, or to correspond with the mritors of rtjteled 
manuscripts intended for this or any other part of N ATttXB. 
No notice is taken of anonymous €ommumcaHem.\ 

Corons round a Light produced by a Peculiar 
St ucture in the Eye, 

I'OR some years post I have been aware that a bright Ikbt on 
a dark background appeared to be surrounded by fakt cedovred 
rings, and that these rings were due to something in the eye 
Irself. But I gave them little attention, for I imagined they 
were formed in the same way os the 'eoronee seen when the aan 
or moon is covered by a thin cUmd; opaque particles in the 
cornea, or little elevations or depressions of its surface, playing 
the part of the drops of water in the cloud. This is the view 
taken In Veidtt'a great work on the wave-theory of light. 
“ Les ccrcles irises, qu*i la suite de certaines infi^mmatkha de 
la conjonpiive on apcrv<^t autour de« corps lomineua, so ri^* 
tachent k la mfi-me cause que les couronnes ; cesaptmreiiccs loht 
dues & I’existertte de gr^ulafions tri -petites el aenslblemrat 
ligales dana k portion de la conjonctive qui «e trou^ en aVaut 
dc la coraee transparente ” (Verdef, ** ms d^t)ptk»e 
Physique,” § 79)- I have lately discovered, however, that the 
phcDOmenOii In my owh case must be due 10 quik a dtIkteiW 
cftufse^ 

A leading characieristii; of the diffmetki^ |)heo<ei^^ 
by a OMnnher of eqhid obstacles, irreguhrlp is the hsMw 
disk surrounding the light, Which k for the mOst mtt 
white, ftw the l^ht IHs bkrish, White ffiO ^lai* 
through yellow to to thered 
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r«d, &c*, the colours resemtdiug those of NewUm’s rings. 
The central disk Is far the brightest part» and there is no iw 
bfeak in the colotne^ though the first purple Is a good deal 
deiker ttum its neighbours. ~ The easiest way to tee these 
<colo«rs is to sprinkle a slip of glass with Lycopodium seed and 
look through It at a bright point of light. The above descrip- 
tion applies equally well whether the obstacles are spherical or 
<^tindncal. The latter form is nearly approached in Nature by 
the fine needles of ice of which many clouds must be largely 
composed. With other forms of obstacle the colours would be 
more or less blurred^ but in any case the .bright central disk 
would survive. 

When recently engaged in investigating such phenomena^ 1 
net iced that the rings formed in my eye were of an utterly 
difierent character. There are two narrow rings, apparently in 
contact — the inner green, the outer red ; the apparent breadth of 
each being about 20', and the radius of the intermediate circle 
about 2 * 3c'. Within ibagreen ring is a broad dark space, and 
then comes the ordinary colourless nase surrounding the light. 
The rings are not quite continuous, and certain short arcs are 
much brighter than the rest. But the arrangement of these arcs 
seems quite irregular, and is different in trm two eyes. With 
this exception the two eyes i>c!have alike. The green and red. 
though faint, are of good quality, not unlike a very faint pris- 
matic Kpectrum. They arc rather capricious in their appearance, 
requiring a dark background and a moderately bright light. A 
small arc light some thirty yard*t from my window generally 
shows them well, though they vary a good deal in 'brightness, 
and at times I cannot sec them at alt. 

The question was, how the colours were produced. After 
pondering the matter for some time, and rejecting one 
explftnatum after .another, the true solution Buddenly flashed 
up^ me. The colours arc the first spoctnim of a dif- 
fraction grating, and the ring form Is due to the bars of the 
grating lying in diflerent directions in different parts of the eye. 
The idea wiui pcadily put to the test. Cutting a small hole, one- 
tenth of an inch square, in a piece of paper, I held it in front of 
the eye. When the atierturc was in the centre, the coloured 
rings vanished ; when it was drawn to one side lo the very edge 
of the pupil, two l>right spots appeared on the circle, one above, 
the other below the light. The rest of the circle was invisible. 
As the aperture was moved round the outside of the pupil, the 
two bright spots revolved round the circle, preserving their 
angular distance of 90* from the aperture. This shows that the 
bars of the grating radiate from the centre of the pupil and are 
only found near its edge. From the dimensions of the rings we 
may deduce that the lines arc spaced at the rate of about 75 to 
the millimetre, or 1900 to the inch. Since the coloured ring is 
not uniformly bright, the grating must be imperfectly developed 
behind some parts of die outer edge of the pupil. But trial 
with the diaphragm left no doubt that the structure was present 
to towe extent all round. I then compared the coloured rings 
with the spectra seen on looking at a light throi»h an onlinary 
diffraction grating of 3000 lines to the inch. The appearance 
was very similar, tbouph in the latter case of course Tbe red and 
green were much brighter, and were accompanied by a com- 
paratively faint violet band. The breadth of the red and green 
bands relatively to their distance from (he light agreed very Well 
with the measurements given above. 

Another evening I prepared some diaphragms with annular 
tmerinres of which three, A, B, C, had the inner and outer 
dUmetera respectively 107 a^ 8*6 rom., 9*9 wjd 7 6 mm., 87 
and 6*1 mm. In A (he centtal stop was large enough to hide 
the Hgbt and of course extinguish the rings too. With B when 
held oentrically the rings were very plain^indeed yellow could 
be made out between the green and red— while the light was dis- 
torted and etdarged by both spherical and chromatic aberration. 
WUh C the rings were visible but not diistlncr. . 1 found too that 
with E t could see the rings round the naked flaia&e uf a bright 
paral&h fadhp Only two or three feet away, for the pupil enlarged 
till k rieared (hi atop. But with C, I had to move two or three 
yatda away before the rings appeared. These experiments show 
tm diffinusQng structnre to calk in a whose diameter ties 
between B;i mm. and 7^ tnoxf, and that it does not extend far 
•mjide iiie tower limit. Further, the (Uametar of tbe pepH when 
^ rii^ ate virible may bg decidedly leas than 8*6 mm, the 
abmotiwa is, not on the lAnec edWa of the iria^ but it may Be either 
in^limoonwk orin thot^ The latur is known to 

ba built up of otosely-parited riidial fibrOs from mm. to 
i'b^:lWiaun< In bfondth ffiOtmhOhe, *^|^yriblogkche^0|^k,^ g 5). 


It seems probable that some modification of these near the edge 
of the lens form the diffract ing layer. I have since found that 
at a distance of a hundred yards from the electric light the pupil 
can be made to clear the central stop of A. There it then seen 
a narrow circle of light, top faint to show colour. 1 was not 
able to get a good enough measure of its diameter to decide 
whether it was smaller than before. 

I can hardly fancy this curious structure in the eye to be a 
rare peculiar! ly, One of my friends saw the green ring well 
defined round the electric light one evening, and with practi- 
cally the same radius as I. He was not sure about the red. 
Inside the green he described the colour as very dark purple, 
almost black. Probably this was a contrast effect, but possibly 
it was the violet of the spectrum. In Sir John Hersebers 
** Meteorology *' I find the followitm passage. After speaking of 
coronee round the sun, he says : Occasionally the cornea of the 
eye itself becomes filmy by the dififosion over it of minute parti- 
cles, which (such at least is our personal experience) exhibit 
round a candle two or three beautiful coronas, the second of 
17* 57' in diameter, of vivid colours and most perfect definition.” 
This description makes me feel suspicious that the rings were of 
the same class as mine. It suggests separate spectra such as are 
produced by a diffraction grating. Further, the accuracy of the 
measurement implies a tolerably narrow ring, whereas in ordin- 
ary coronae, if the second green had a diameter l8^ the second 
blue and sewind red would have diameters 15" and 23* respect- 
ively. His dimensions do not agree with mine, iuit imoly bars 
or lines at distances of about 0*007 mm. Fibres of this Weadth 
arc found in the crystalline lens. James C. McConneC. 

Uavott, Switzerland. 


Use or Abuse of Empirical Formulae, and of 
Differentiation, by Chemists. 

As I believe that I am one of the "ingenious nnd clear- 
sighted” chemists who, Prof. Lodge suggesis, may be "run 
away with by a smattering of quasi- mathematics and an over- 
pressing of empirical formula;,*' I hasten to assure him that he 
18 quite viiong in his surmises. 

With every word of Prof. Ltxlge’s remarks on the proper 
method of examining curves I heartily agree ; with his stric- 
tures on the abuse of formula; I more than agree : I should 
advise chemists not even to use them. 

The method of examining the continuity of any curve by 
plotting out the experiments themselves, and then differentiating 
the curves representing them, is the method which I have applied 
in nearly every case, and applied it, I believe, for the first time 
to questions of a chemical nature. The only difference be- 
tween my moduK operandi and that which Prof. Lodge suggests 
is that, instead of differe^ptiating the curves by a mechanical 
integrator, 1 lake readings from them at definite intervals, and 
find the differences between these readings arithmetically. 

I do not consider, however, that this is the safest method of 
examining results. The method which was introduced to the 
notice of chemists by Mendeleeff, which was used subsequently 
by Crompton, and on which I have placed my chief reliance, 
consists of differentiating the experimental numbers themselves, 
and not the curves which may be drawn to represent them. If 

Si and S2 Ihc densliiea of and per cent, solutions, 

at a percentage is given by ~ 

2 Aj 

Each of ritese two methods has its own special aclvantages, but 
the balance is generally strongly in favour of the last one. It 
doe® not necessitate the drawing of the original curve, which 
drawing may often be considerably modified by the " taste ” of 
the drawer; it will sometimes bring about the recognition of 
breaks which migfht be overlooked in the original curve, for 
though the differential curve can show no breaks which do not 
exFt In the original curve, it may often, os a consequence of its 
very oatutie, show breaks chany, which would be recogniaed 
only with difficulty in the original cuj*ve ; and, lastly, the proper 
^piotion of the original curve is often a | ractical impossibiluy, 
a», for Instance, with the densities of sulphuric acid solutions, 
whete the stsole which would have to be adopted to give the 
experimental error a fairly visible magnitude Urould involve 
dealing with a curve some 3000 inche'« long. 1 

Frofi Lodge ccadd, no doubt, have told us more than ^ has 
dbtie of the difficulties and dangers of differeniiation in any 
foTin, and, perhapa, the extensive practical experience which I 
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lud XD th 6 process has made me more alive to these 
thim even he is. I need only say here that 1 Have not 
yet chme across a case where t should feel warranted in stating 
that a break ^bcisted on the evidence of one curve only where 
the break depended on differentiation for being clearly visible. 
In my own work I have never considered any breaks as being 
more than suggested ” unless they were shown by at least two 
iiifibrent properties of the substance under examination ; the 
majority of the breaks which I insist on are shown by more than 
two, in some cases by as many as seven different properties. 

As to the examination of the curves by means of ‘empirical 
formulee, nothing of the fort has been done, and it is difficult to 
understand how Prof. Lodge* even though he speaks under cor- 
rection, should have so misunderstood the methods adopted. 
If MendeleefTs paper may have been open to misinterpretation, 
Cfompton^s certainly was not, for he gives in a tabular form the 
results of the direct differentiation of the experimental numbers 
themselves ; an abstract only of my own paper has as yet ; 
appeared, and X have not got it by me to refer to, but I do not I 
think that the terms “formula” or “equation” occurred | 
throughout it. The impossibility that seems to exist of getting { 
either chemists or physicista to understand that the metnt>d of : 
examining curves which we have employed does noi involve the 
use of any equation at all is indeed extraordinary. My own I 
opinion on the use of equations will l)c bnt illustrated by the ' 
following extract from my paper:— “It is necessary to say a I 
Word at starting to correct a<i erroneous opinion which is pre- 
valent os to the method of examining curves which 1 have i 
adopted. . . . It is imagined by many that this method con- | 
sists in fitting sundry equations to the curves, and, on the { 
strength of their concordance with these equations, to conclude I 
that they are continuous or otherwise. Now, it is quite true 
that if a curve diffefentiates into a straight line after a certain 
Qumbdt of d^erentiations, an equation of a certain form must 
represent that curve, and if it yields several straight lines there 
must be as many different equations applicable to different parts 
of it ; but it is one thing to hnd equations empirically, and 
prove (?) tbeir truth by a display of those most fallacious of 
arguments known as tables of * found ’ and * calculated ’ 
values, and another thing to apply an ordinary process of 
matheinatical analysis to the curves, letting them speak for 
themselves, and tell us whether they are continuous or not 
On the former of these methods I would place absolutely 
no reliance, and so far have I been from making use of 
it, that I have not found the equation for any single curve 
here depicted, and have purposely avoided finding any. 
The mathematical argument on which this work depends is, 
that a curve, if it be continuous, will on differentiation give 
either a straight line or another continuous curve, whereas, if it 
l>e not eontiimous^ hut be made vtp of different curves, will yield 
on differentiation a series of straight lines or curves. This, I 
think, is an incontestable fact.” 

That the majority of chemists are not mathematicians 1 
willingly admit ; this pamflil fact is shown only too clearly by 
their blind acceptance as gosj>el truth of everything which is 
“ proved ” mathematicalty. But Prof, l.odge must do us the 
justice to admit that we have occasionally some glimmers of 
common-sense, glimmers which would be inconsistent with our 
assuming that a certain curve was a parabola, and then being 
pleased^ or even surprised, that it behaved after the manner m 
parabolas. 

However much I may envy the powers of a mathematician, 
and however firmly 1 may believe that chemical facts will 
eventually be tranAated into mathematical expressions, I feel 
that et the piresent day the iutroductlon of mathematical formulae 
into ehemUiry almost invariably involves the exclusion of com- 
mon ^en»e. It is curious that mf. Lodge's letter sliould have 
lieen immediately followed by an article on chemical affinity, 
which, I khink, will be found to give a striking illustration of 
this dictum. vVhat may be termed the jr and jr theory of 
chemical acUon, studied on papev ^ Guldberg and Waage, and 
followed up in the kboratory ny Ostwald, has led unfortunate 
chemista into a labyrinth of cumbrous mathematical expressions 
for erroneous facts, sshem the oommon-sense of Berthotiec would 
have given them a simj^' explanation of all the true facts of the 
case Tnini, Chem, Soc., tSffp, a 6 ). 

Harpeoden, July Spencer PrcKgRWO. 

P.S.— Since writing the t^ve J have obtained the most 
Absolute ti^tificalion of my method of differentiation which could 
possibly be cibtaioed. I nave isoHed in ilie solid crystalliite 


form a new hydrate of sniphuric^cid, the existence of which I 
bad predicted from an examination of the density and heat 
results of solutions of the acid. A few further details on the 
subject will, 1 believe, be found in the last issue of the CA^mkal 

S. P. 

Ilfracombe, August 4 . 


PHOTOGRAPHIC STAR^CAUQING, 

T he mere equal-surface counting of the stars visible 
with the same instrnment in different sections of the 
sky gives results open to misinterpretation. Admirable 
in itself, the method fails because it encounters what we 
may call “systematic errors” in the distribution of the 
stars. With incidental anomalies it is fully competent to 
deal j they should, on a large average, be mutually com- 
pensatory ; but it breaks down before the clustering 
tendency which pervades, more or less markedly, the 
entire sidereal system. Not only are certain parts of 
space more crowded than others, but the crowded parts 
are related according to an obvious plan, They do not 
occur casually. Their effect is then heightened, instead 
of being eliminated, by multiplied observations. 

The present resources of science, however, seem to 
offer the means of discriminating, to some extent, be- 
tween real crowding and the simple extent of star-strewn 
space. Although the total number of the stars visible in 
each case with the same telescope might be precisely the 
same, their relative numbers, counted by magnitudes, 
would in all probability be very different. In a stratum, 
supposing the distribution of the stars equable, and their 
sixe uniform, their numbers should be nearly quadrupled 
at each descent of a magnitude. This of course is an 
ideal law of profession which we cannot expect to find 
anywhere strictly obeyed j but even approximate con- 
formity to it must be held to indicate with tolerable 
certainty that the lessening ranks of the stars are, on the 
whole, at distances from us corresponding with their 
light. Now it is approximately conformed to by the 
stellar multitude down to about 8*9 magnitude over the 
general expanse of the sky, as well as over the rone of 
the Milky Way. But in that zone, stars of the ninth and 
higher magnitudes very much exceed their due numerical 
proportions ; in other words, they are physically, no less 
than optically, condensed. 

From these circumstances two very important infer- 
ences may be derived : first, that the lower margin of the 
galactic aggregations lies at a distance from us corre- 
sponding roughly to the mean distance of a ninth magni- 
tude star, costing light some fourteen hundred years of 
travel; next, that the aggregated objects are average 
stars, neither larger nor smaller than those in our nearer 
neighbourhood. Both conclusions seem inevitable should 
the facts turn out, on closer investigation, to be as above 
stated* A regular increase in the numMrs of the suc- 
cessive photometric orders of stars, tallying with the in- 
creased cubical contents of the successive spheres of 
which the radii are the theoretical mean distances of 
those same orders, affords strong if not demonstrative, 
evidence of a correspdnding resu penetration of space.^ 
And since the sequence continues unbroken down just to 
the ninth magnitude, we see that the galactic condensa- 
tions of ninth magnitude stars cannot be situated nearer 
to us than thejr brightness would lead us to suppose— 
cannot, in other words, be stars on a lower twi the 
ordinary lev^ of lustre. 

■It is tolerablv ceftein, however, that the denser staj^ 
dpuds of the Mdky Way Jie far beyond ninth magni- 
tude distance. The ground for this assertion is riot the 
apparent minuteness m iheir components, but thesihgidar 
fact, adverted to by Aigeiander, that, in the 
Milky Way, running from CygnuS to the Ct^htauf, liW ' 

lurif to Gauld ia *87^ ^ sr vair riU; , 
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sbifting branches are nearly on a par with the dark rift 
separating them as regards the distribution of stars even 
fautter than the ninth magnitude. The nebulous effect 
to the eye distinguishing the branches is, then, presum- 
ably due to more remote collections. As to the further 
limits of these^ we know as yet nothing, except that 
Herachel'a gauge-numbers left it to be inferred that 

thinning-out ’’ had become marked before the attain- 
ment of murteenth magnitude distance. On these, and 
similar subjects, enlightenment may be hoped for through 
the judicious use of means already at hand. 

For simple star- counts, we have only to substitute 
star-counts by magnitudes over selected areas of the $ky.^ 
The relative numbers of the photometric ranks can hardly 
fail to give highly valuable indications as to real distri- 
bution ; provided only that the assumption of a general 
uniformity in the brightness of the stars be valid. Not, 
it need scarcely be said, of a uniformity such as to pre- 
clude any extent of individual variety ; all that need be 
supposed is, that the average size of a star remains 
constant throughout sidereal space. This hypothesis has 
far more probability in its favour than any other which 
could be set up instead of it ; though it may receive 
corrections as our inquiries advance. 

The photometric classification of small stars is one of 
the many branches of sidereal science which will hence- 
forth be prosecuted only with the assistance of the camera. 
Visual methods are inadequate and insecure. Those by 
photography, it is true, have also their difficulties, not yet 
completely vanquished : they will, however, evidently 
prove manageable. Prof. Pickering is tentatively esta- 
blishing methods in photographic photometry which will 
doubtless before long be brought to perfection. They 
depend mainly upon comparisons of stellar impressions 
upon any given plate, exposed under known conditions, 
with standard impressions of standard stars obtained 
with varied exposures or apertures. For the purpose we 
have in view, accidental errors of estimation, even if very 
large in amount, are of no importance. What is essential 
is, that the integrity of the series should be preserved— 
that the proportionate change of light from one magnitude 
to the next should remain invariable from the first term 
to the last. The realization of this aim, now virtually 
attained, is one of the most weighty services rendered to 
astronomy by the sensitive plate. 

We may now describe the process of photographic 
star-wuging. It consists in the enumeration, by mag- 
nitude or half-magnitudes, of the stars down, say, to the 
fifteenth magnitude, self-pictured from distinctively situ- 
ated patches of the iky. Each such area should be wide 
enough to insure the eUmination of minor irregularities in 
dietrfoution ; but a single largje field would often suffice tp 
show the characteristic grouping of the smaller telescopic 
stars. 

The Milky Way would naturally be the first subject of 
inquiry ; and the comparison of several plates taken in 
thmrent sections of its course might be expected to yield 
data of great significance as regards its constitution. 
From simply calling over the mtister-roll by orders of 
brightness of the stars contained in them, answers may 
be derived to the following questions 

(1) How far does the re^lar sequence increasing 
numbers eatend } That is, down to what grade of bright- 
ness do the Stan continue nearly to qua^ple with each 
additional magnitude ? 

Is the progression interrupted by defect or excess, 
or by each almnatety ? In other words, does the stellar 
sunitetd embrace systematic vacancies, as well as system- 
atic gWHiptogs? 

Supposing an accumhlation of stars to set in at a 


* yrfm fliirt fugmcwl by H«ld«n iS m a «r 

*irS5i* tMif by WS* 
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definite stage of space- penetration, where does it stop f 
Down to what magnitude is the augmented ratio of 
increase maintained ? 

(4) Are there symptoms of approaching total exhaustion 
of the stellar supplies beyond ? 

These should be found in a concurrent decrease of 
density with brightness, “density'* being understood as 
the proportion of the numbers present to the space 
theoritically available for stars of a given magnitude. 
For one of two things seems certain : either the thin- 
ning fringe of stars is composed of really small ob- 
jects intcrspwscd among larger ones ; or of a^^rage stars 
at average distances from us, but further and further apart 
from each other. In the first case, the system ends ab- 
ruptly ; in the second, it is, as it were, shielded by outliers 
from the absolute void. 

Particular attention should be paid to the differences of 
stellar distribution upon plates of the Milky Way proper, 
and of the dark aperture between its cloven portions. 
That this really forms an integral part of the galaxv is 
shown by the far greater proffision of small stars there 
than in the general sky at the outer margins of the 
galactic branches— a fact in itself fatal to the “spiral 
theory,” by which the rift was interpreted as a chink of 
ordinary sky-background left by the interlacing, to the 
eye, of two great streams of stars, one indefinitely more 
remote than the other. From photographs we may now 
hope to learn what is the nature of the distinction between 
rift and branches— what are the magnitudes, relative 
numbers, and presumable mean distances, of the cluster- 
ing stars present in the latter, but absent from the former 

Gauges taken in the neighbourhood of the southern 
“ coal- sack ” ought to prove instructive as to the nature 
of the nebulous stratum out of which it seems as if 
scooped. If the Milky Way be there shallower than 
elsewhere, a greater uniformity of lustre may be looked 
for among the stars composing it. No background pro- 
fusely stored with lessening ranks will come into view, 
and stars below the average of those grouped in bright 
masses, representing their genuine companions, will be 
but scantily present. 

Outside the Milky Way, two points suggest themselves 
as likely to be settled by photographic gauges. Arge- 
lander found that the faintest stars in the Dur ^muster ung 
were everywhere in excesaof their due proportion.^ Even 
at the galactic pole, their “increase, as compared with the 
class next below, was sextuple instead of quadruple ; in 
the undivided galactic stream it was 9^, in the rift 8^ 
times. If this semblance of crowding in all directions 
at about the mean distance of a ninth magniti^de star be 
no accident of enumeration, then the Milky Way is only 
the enhancement of a phenomenon universally present, 
and the fundamental plan of the sidereal system must be 
regarded as that of a sphere with superficial condensa- 
tion intensified in an equatorial ring. The counts, to 
settle this question, will have to extend over a consider- 
able area. 

The second point for photographic investigation refers 
to the limits of the system towards the galactic poles. 
There is reason to believe them comparatively restricted. 
M. Celoria, of the Milan Observatory, using a refractor 
capable at the utmost of showing stars of eleventh mag- 
nitude, obtained for a “mean sounding,” at the north 
pole of the Milky Way, almost identically the same num- 
oer given by Herschers great refiector.=* That is to say, 
no odditiontU stars were revealed by the larger instru^ 
meni. Should this evidence be confirmed, the boundary 
of the stellar scheme should here be placed at a maximum 
remoteness of 5500 years of light-travel. 

As a specimen of a photographic gauge-field on a small 
scale, we may take Prof. Pickerlng^s Catalogue, from the 
Harvard plates, of 94? stars within i” of the north celes- 

^ BttihmckiHHgm, Bd. v. ** Eiokitung." 

* Memerh detV UUMu t^rnimriex t. *iv, p. 8(S. 
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tjW The region examined lies about 27® from the 

zeneof the Milky Way, but is nearly reached by afamt 
extension from h Since only bne eighth magnitude 
sthr, and none brighter, ore included in it, the study of 
distribution, for which it otTers some materials, may be 
said to begin with the ninth magnitude. A single glance 
at the synoptical table sulHces to show that the numerical 
repmentation of the higher magnitudes is inadequate. 
The small stars are overwhelmingly too few for the space 
they must occupy if of average brightness ; and they are 
too few in a constantly increasing ratio. Either, then, 
the diminishing orders form part of a heterogeneous col- 
lection of stars of all sites at nearly the same distance | 
from us (about that corresponding to ninth magnitude) ; t 
or they belong to attenuated star-layers stretching to ; 
a much vaster distance, A criterion might be suppled 
by Prof. Holden's plan® of charting separately stars of 
successive magnitudes over the same area, and judging j 
of their conneaion or disconnection by the agreement or ! 
disagreement in the forma of their groupings. j 


Ammo 



DlitrtUtttion of 9^ wnthin i*’ of tite i^le, f^liowtOg the ratio of numben 
to space for each halftmagnitude. 


The accomif^nying diagram shows graphically the de- 
crease of density outward, dcducible from Prof; Picker- 
ing's numbers on the sole supposition of the equal 
average lustre of each class of stars. Tlwse of the 
ninth are the most closely scattered ; the intervals be- 
tween star and star widen rapidly and continuously (for 
the sudden dip at 9 5 magnitude is evidently accidental) 
down to n '5 magnitude, when a slight recovery, lasting to 
thw thirteenth magnitude, sets in. How far these changes 
are of a systematic character, can only be decided fmm 
far wider surveys, A. M. CLKaKE. 


TWO CAN INSTITUTIONS. 

^ ^ The Smithson i ah Institution. 

TN ilbb, Mr. Tames Sihitbson, F.R.S., an English 
* gentieinan (a hatnral son of the iirst Owke of 
Northumberland), in a fit of pique at the action of the 
Committee of rhe Royal Society, who had declined to 
accept a scientific paper be had submitted, bequeathed to 

* k«cpmRMttd«d M ^ S«^mb«r tSSS, wall m 

la Waaihlsmi Pub&ativnft," voT ii. p. »ij. 


the United States of America a large sum of meneyi 
(/ 105, 000), to found at Washington under the name of 
the Smithsonian Instlhition, an establishment for the 
increase and diffusion of knowledge among men/^ 

The question of how knowledge might be best in* 
creased and diffused with 105^00© then arose for 
discussion. 

The President of the United States applied to a 
number of persons. versed in science and lamiliar vdth 
the subject of public education, for their views as to the 
mode of disposing of the fund best calculated to meet 
the intentions of Smithson and bC most beneficial to 
mankind." 

The President of Brown University (Prof, Wayland) 
proposed a University to teach languages, law, and 
mental philosophy (Arts), without Science. Ur. Thomas 
Cooper, of South CaroUna, proposed a University to 
teacn science only, and to exclude Latin and Greek, 
literature, law, and medicine. Mr. Richard Hush pro- 
posed a Museum with grounds attached sufficient to 
reproduce seeds and plants for distribution ; a press to 
print lectures, &c., and courses of lectures on physical and 
moral science, and on government and public law. The 
Hon. John Quincy Adams proposed the establishment of 
an astronomical Observatory, with instruments, and a 
small library. Prof. W. B- Johnson proposed tl>e estab- 
lishment of an institution for experimental research in 
physical science. Mr. Charles L. Flcischman proposed 
the establishment of an agricultural school and fwm. 
The Hon, Asher Robbins proposed a literary and scien- 
tific institution ; and memorials were presented to 
Congress in favour of appropriating the fund for annual 
prizes for the best original essays on the various subjects 
of the physical sciences ; for the establishment of a system 
of simultaneous meteorological observations throughout 
the Union ; for a National Muacam ; and for a Library, 

For ten years the Congress of the United States 
wrestled with the inteiyretation of the words tbe^ in- 
crease and diffusion of knowledge among men." The 
discussions were numerous and irritating ; and it was 
repeatedly proposed to send the money back 10 England. 
F'inally Congress was wise enough to aknowledge its own 
ignorance, and authorized a body of men to find some 
one who knew how to settle the question. Joseph Henry 
was chosen. His idea was accepted and acted upon* 

** To fanowledgc men were to be to 

original research by the ofo of rewards for original 
memoirs on all subjects of investigation ; to diffuse knom* 
ledge the results of such research were to be published ; ^ 
and in addition it was decided to issue a. series of reports 
giving an account of new discoveries in science, and of 
the changes made from year to year in all branches df 
knowledge not strictly professional ; as well as to publish 
occasionally separate treatises of general interest ; and 
all these were to be distributed amongst the public 
institutions of tire world. 

In the result the Smithsonian Institution was estab<(^ 
lished for the proiwodon of original research, and the 
diffusion of the and it now distributes to 3700 

public institutions in Europe, Asia, Afrieo^ and America^ 
the following publications 

*'The Smimsonian Contributioim to KnoWledgK^? of 
whkh twenty-six volumes in a quarto serias have mis , 
issued, tomprising memoirs and records of mjgiimJ 
vestigations ; researches in what are hsfiicved tobe ttevr 
truths; efforts to Incrme human Imowledge^ 
Smithsonian Miscellaneons Collections,^ An octavo aetiee^ 
already numbering thirty-four volumes, con^ainiis# yo- 
pons on the present state of our knowleagp of patwuto 
branches of Science ; instructfo^ fprdigesringaA^^^ 
ing facts and materials for research j fists and sypopSei pf 
species of the organk and Inorganic worm } repom, (tf 
aids' to bibiiogripliiaiii) 

The Annual Reports of the Rokrd: of m ^ 
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Sinith«oni4in Institution" (Uiirty^two volumes), containing 
also very valuable record*, catalogues, and memoirs; 

Another part of the income was applied in accordance 
with the requirements of the Act of Congresfi to the 
gradual formation of a libraiy and a museum. But in 
1866 the library was amalgamated with the Library of 
Congress and lodged in the Capitol The Library, how- 
ever is, open throughout the year with equal facilities for 
students, including the free use of the books of both 
collections. In 105a, Mr. Henry established what is 
known as the Smithsonian system of exchanges,’’ 
whereby, in exchange for those of America, the scientific 
publications of Societies and individuals throughout the 
civilized world are made accessible without cost to the 
students of science In America. This system has added 
to the Library almost complete series of the Transactions 
of many of the older Societies of England, France, and 
Germany, which it w^ouldnowbe difficult if not impossible 
to replace. They comprise hundreds of works which, 
like those of the Societies in question, can be obtained in 
no other way than by exchange. The collection is now 
the best in existence. 

In his evidence before the Royal Commission on 
Scientific Instruction (English), June id/o, Mr. Henry 
said : — 

“ This is considered a very important part of the plan 
of operations. Not only are books distributed, but the 
Institution has commenced the practice of distributing 
specimens of natural history over the world and getting 
others in exchange. As an interesting fact in connection 
with this system, I may mention that all the lines of 
steamers convey the Smithsonian packages free of cost, 
and also that they arc admitted through all Custom houses 
without being opened, and free from all duties in all 
countries,” 

This generous system is still in operation, and has 
been very much extended. 

In 1S58 the United States Government transferred the 
National Museum (established 1842) to the custody of the 
Sjtnithsonian Institution with the same amount of annual 
appropriation (I8I4000) which had been granted to the 
United States Patent Office when in charge of it ; but 
this annual appropriation has now been increased to 
about $40,000. A new Museum was built at a cost of 
fjSO, 000.00, and at the last session of Congress a Dill 
appropriating #500,000.00 for the construction of a second 
Museum building passed the Senate, but was not brought 
to vote in the House of Representatives. The Secretary 
has no doubt, however, but that in a year or two a build* 
inft much larger than the present one will be supplied. 

The National Museum is in three divisions— the 
Museum of Record, the Museum of Research, and the 
Educational Museum— and there are departments, with 
tvrenty-faur curators and sub-curators, of arts and in- 
dustries, ethnology, antiquities, mammals, birds, fishes, 
comparative anatomy, molluaks, insects, marine inverte- 
brates, invenebrale fossils, plants, minerals, lithology and 
j^yskal geology, metallurgy and economic geology. 
There are, in addition, chemical and natural history 
labofittories, a^vd a bureau of ethnology. 

** So rapidly were the treasures of the Museum increased 
^ gathered fruits of various Government explorations 
hnd Surveys, as well as by the voluntary contrimiUons df 
m ikumerotisand viddespread tributaries of the Insfitutipn, 
that the policy was aarly adopted of freely di^ribueipg 
4hipUcate specmiena to o^er institutians wh^they would 
to thost appreciated and most usefully applied. And in 
ws way 4m .Smithsonian became a valuable centre of 
nilfusion erf, the means iof investigation- The clear fore- 
Slgtljt which announced that Ae Museum must soon^ 
the entire capacity of the StnithsoMan resources 
was atttply vindicated ; but the str^^ -dewre of Joseph 
to sw e*|tabtished in Washington a 
Mvaenm he did hot live to see gratified" Memorial of 


Joseph Henry,” discourse of W. B. Taylor, p. 285). 
He died May 13, T878. 

An extensive system of ' meteorological observations 
was insliiuted in 1849. About six hundred observers, 
scattered over the United States and the Territories, 
became voluntary correspondents of the Institution. This 
department was transferred in 1872 to the newly-esta- 
bhsht'd Meteorological Department established by the 
Government under the Signal Office of the War Depart- 
ment. The digested observations have been published in 
the Contributions to Knowledge.” 

The memoirs in the quarto volumes of the Contri- 
butions to Knowledge ’ (over 120) are universally recog- 
nized as valuable original authorities on their respective 
topics. There is no restriction as to the subject of re- 
search, and they consist of archaeological, anthropological, 
botanical, geological, palaeontological, meteorological, 
magnetical, physical, physiological, and philological 
observations, investigations on the solar system, the 
laws of atmospheric circulation, and systems of con- 
sanguinity and affinity. They have undoubtedly tended 
“to increase and diffuse knowledge.” 

The thirty-odd volumes of the Smithsonian Miscel- 
laneous Collections ” are of a more technical character 
than the ** Contributions,” including systematic and stat- 
istical compilations, scientific summaries, and valuable 
accessions of tabular “constants.” Scientific men gener- 
aHy have applauded the value and acknowledged theii 
indebtedness to publications comprised in this series, 
which include such scientific classics as Clark’s “ p»n- 
stants of Nature,” Guyot’s “ Meteorological and Physical 
Tables,” Watsons “North American Botany,” Bmney 
and Tryon’s “ Land and Fresh- water Shells of North 
America”; North American “Coleoptera” by Le Conte, 
“Diptera” by Loew, “ Lepidoptera” by Morris, and 
“Neuroptera” by Hagen. 

All these are distributed over every portion of the 
civilized and colonized world, and constitute a monument 
to the memory of James Smithson, such as never before 
was built on the foundation of one hundred thousand 
pounds. 

11. —The Johns Hopkins University, Baltimore. 

Johns Hopkins, a merchant of Baltimore, who died in 
1873, in the seventy-ninth year of his age, bequeathed a 
large part of his fortune to two institutions which per- 
petuate his name — the Johns Hopkins University and 
the Johns Hopkins Hospital. Each foundation received 
an endowment of not far from three and a half million 
dollars, or about ^>00,000. The two irwtuutions are 
separate c^Tporations, but are closely affiliated. The 
University has just cpnchaled its thirteenth year of work. 
Since its opening, in 1876, it has issued frequent sute- 
ments of the development of its plans in the form of 
Annual Reports. 

Tlic Johns Hopkins University is an unscctarian 
foundation. There is no rest for the assent of students 
or Professor?. This is the especial privilege of the new 
institutions for higher education that have sprang up of 
late years. “No hungry tradition treads them down.” 
They approach the problem of education untrammelled 
by epatoBtory practice; yet, utilizing the experience 
gained by the older Universities*, they mike more inde- 
pendent and original attempts at \H solution. 

Universities as a rule have grown from an aggregation 
of Colleges; the University, in process of tinMSy being 
evolved as a fiupplement to collegiate training. The 
Johns Hopkins University is an exception to this .rule. 
In accordance with the terms of the gifts, the institution 
started with the idea of the University, m the higlier con- 
ception of that word,. as a universal school anq a foster- 
ing mother. Not merely a place in which degrees a»e 
grafted in the Faculties of Arts, Science^, .Divinity, Law, 
or Medicine, but as an organized force for the education 





of the community of .th$ district in which it is pieced^ 
for deepening^ porifyingt and strengthening all good in- 
fluences on ute mtoj and the alliance of the men with 
the institutions, ^ Institutions remain, but the men pass 
away-^ 

** The individual withers, and the world is more and more/’ 

According to the thirteenth Annual Report of the Uni- 
versity (September J8B7 to September 1 K88), it app^rs 
that the academic staff included 57 Professors, Associate 
Professors, and Lecturers There were 420 students; 
K99 were residents of Maryland, 196 came from other 
States of the Union, and 25 from foreign countries ; 231 
had already graduated, 127 had matriculated for the 
gree of B.A., and 62 were admitted as special students 
to pursue courses of study for which they seemed fitted, 
without reference to graduation. The University does 
not provide lodging or board. 

There are seven distinct and parallel courses of College 
instruction adapted for matriculation, and the various 
elective groups for the degree examinations in the Uni- 
versity* The subjects of the Professors and Lecturers 
last session were : history, political economy, mathema- 
tics, astronomy, physics, chemistry, mineralo^, geology, 
biology, psychology, pedagogics, pathology. Greek, Latin, 
Sanskrit, Indo-European philology, Shemitic languages, 
Romance langu^es, Teutonic lans^ges, Anglo-Saxon, 
and English. The large and well-appointed physical, 
chemical, and biological laboratories of the University 
ha^ already been detailed in Nature (voI. xxxiii. p* 237). 

Two degrees only are granted — the Bachelor of Arts 
and the Doctor of Philosophy ; and since deipees were 
first conferred in 1878, 177 have attained the Bacca- 
laureate degree, and 131 have been advanced to the 
degree of Doctor of Philosophy. 

There are twenty Fellowships of $500 each. The 
examination for these is, in a certain sense, competitive, 
but not with uniform tests, nor by formal questions 
submitted to the candidates. The applicants’ pre- 
vious record, and the Professors' record, is taken into 
consideration. 

** Those who are appointed are expected to proceed to 
the d^ee of Doctor of Philosophy. The appointments 
are not made as rewards for good work already done, but 
as aids and incentives to good work in the future ; in 
other words, the Fellowships are not so much honour 
and prizes bestowed for past achievements, as helps to 
further progress and stepping-stones to honourable in- 
tellccuial careers. They are not offered to those who 
are definitely looking forward to the practice of any one | 
of the three learned professions (though such persons are | 
not formally excluded from the competition), but are | 
bestowed almost exclusively on young men desirous of | 
becoming teachers of science or literature, or proposing 
to devote their lives to special branches of learning whicn 
lie outside of the ordinary studies of the lawyer, the 
physician, or the minister. Appointments are rarely, if 
ever, made of graduates of more than five years’ 
standing*^ 

There are also twenty graduate scholarships of 9200 
each for those who have taken the baccalaureate degree. 
Them are also thirty-eight ordinary and honorary Hopkins 
Sdiolarships (9250 annually and tree tuition) for promis- 
ing young men- 

Courses of public lectures, designed primarily for the 
metnbm of the University, and supplemental to the 
regular dass-room work, At given each session* The 
admission of the pul^ic is by ticket, to be previously 
obtained free. The courses for 1887-88 included; ten 
lectures on some of the problems of great clti^ ; six 
lectures on the local study of natural history ; nine lectures 
on the history of the science of electricity and maghettsm ; 
ek^ven lectures on the causes which kd to the Freach 


Revolution; four lectures on Qreek lyric poetry; dgiit 
lectures on the topography of Athens. 

The University Llbraiy consists of 35;,ooo volumes. 
And it is lately reported that the valuable scientific ckH* 
lection of the Maryland Academy of Sciences has been 
presented to the Universit)''. 

But the great point of this institution is its efforts in the 
direction of the endowment of scientific research. Prof. 
Newcomb, one of the Professors of the University, add 
in 1876 of America what is very true of Great Britain : 

“ We are deficient in the number of men actively devoted 
to scientific research of the higher types ; in public recog- 
nition of the labours of those who are so en^ged ; in the 
machinery for making the public acquaints with their 
labours and their wants ; and in the preliminary means 
for publishing their researches.” The Johns Hopkins 
University has encouraged scientific research, and the 
publication of its results, to a large extent ; not only 
by training young men in the methods of exact science, 
and fitting them for the scientific service of the Govern- 
ment, for scientific and technical laboratories, and for the 
teaching profession, but also by the publication of journals 
and monographs detailing the results of scientific study. 
The trustees, determining to encourage the heads of de- 
partments and other qualified scholars to contribute each 
in his own way to the advancement of the science which 
he professed, started five periodicals, conducted by Pro- 
fessors and graduates, and aided by the University chest, 
namely : The American Journal of Malhemalics, 10 vols., 
edited by Prof. Newcomb; 7 he American ChemictU 
Journals 10 vols., edited by Prof. Remsen ; The Americem 
Journal of Philology^ 9 vols., edited by Prof. Gildersleevc ; 
Studies from the Biological Laboratory^ 4 vols., edited by 
Prof. Martin and Dr. Brooks ; and the Johns Hof kins 
University Studies in Historical and Political Science^ 
edited by Prof. H. B. Adams, the seventh series of which 
is in progress. All of these publications are considered 
on both sides of the Atlantic to be of the greatest value* 
The American Journal of Psvckoloy^y^ Modern Language. 
Notes ^ and Contributions to the Study of Archceology, are 
also edited by members of the academic staff, and there 
arc University Societies on all these subjects. 

The University also publishes University CircuUa^S 
monthly, containing scientific notes in biology, chemistr^^ 
history, political science, mathematics, physics, philolofjri 
philosophy, logic, &c,, besides the usual Annual Repesits 
and special publications, such as the Reports of the 
Chesapeake Zoological Laboratory.” This is a laborat^ 
of about fifty individuals at ten stations, and the resulk 
of their work at the sea-shore, in the study of natw^ 
laws in their simplest manifestations, from 1879 to 
include ninety-nine titles. 

Dr. Gilman, the President of the University, reported 
at the tenth anniversary that 176 fprmer students Weie 
known to be engaged In the work of teaching, mostly ih 
colleges ; and that among the former pupils are ei^i^ 
physicians, thirty-eight ministers* and thirty-four lawyer*. 

{ There were no exact stattstios of those engaged in scientific 

I pursuits. 

Such are the beginnings of the Johns Hopkins Univeiv 
sity. Those engaged in the work of higher eduoati^ % 

in the inception^^^^he insritution ; a 

^700,006 fof endowment ; car^ulty selected trttsieejL: #' 

whose wisdom, moderation, and far-sightedness 

due I a wisely organised constitution ; able FrOkakm 

and teachers, gauged by the standard of work done sMt 

success achieved; and mundatloas to asaiet ^1 thoik 

con^ibuted by a critical and dlacemtag puhlio Tha 

ioatitution started fidl of promise, and it is re^kemirig Its 

promise with a t^dity unparaHelted in the hisktT df 

academic instituthms. 
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cal teaching of the Sorbonne aince 1808. M. Chautemps, 
President of the Municipality, vindicated democracy from 
' the m>0Utat^on of indifference to culture, and claimed 
credit for the represented by him for having founded 
a Chair of French Revolution History and a Chair of 
Evolution. M. Falli^rea, Minister of Education, dwelt on 
the efforts and 6acri6cefi of the Republic for the diffusion 
of culture. He referred to the moribund condition of the 
Universities on the eve of the Revolution, and the want 
of cohesion between the colleges afterwards established, 
and eulogized the individuality now developed by the 
provincial Universities. 


JVOT£S. 

At the annual graduation ceremony at the close of the summer 
session of the University of Edinburgh, last week, Prof. T. R. 
Fraser intimated that the important Cameron Prize in Thera- 
peutics, the recipient of which might be selected fron any 
country, had been awardctl to M. Pasteur, a Doctor of Laws of 
Edinburgh University, in recognition of the high importance 
and great value in practical therapeutics of the treatment of 
hydrophobia discovered by him. 

Thr fifty-seventh annual meeting of the British Medical Asso- 
iion will begin at Leeds on Tues^y, the 1 3th inst. , and go on 
until the i6th, under the presidency of Mr. C. G. Wheel house. 
The President’s address will be delivered on the evening of 
the 13th. On the I4tb, an address in medicine will be given 
by Dr, Hughlings Jackson. F.R.S., and afterwards the Stewart 
Prize will be presented to Dr. Klein, E.K.S., for his work in 
bacteriology and scarlet fever. On the 15th, an address in 
surgery will be given by Dr. Pridgin Teal, F.R.S., and on the 
idth, Sir James Crichton Browne, F.R.S., will deliver an address 
in p$ycholoigy< 

At the Academy of Medicine, Paris, in the grand amphi- 
theatre, a numerous and distinguished audience gathered on 
Sunday for the first aiiting of the International Congress of 
Hygiene. The chair was taken by Prof. Brouardel, with Dr. 
Cbautemps, President of thp Paris Municipal Council, and Sir 
Douglas Galton as Vice Pitfaidonts. Sir Douglas Galton re- 
turned thanks, on behalf of the various English Sanitary Societies, 
represented at the Congress by ten English delegates. He 
promised a hearty welco ne to the French hygienists, who, he 
hoped, would in great numbers attend the next international 
Congress, to be held, as arrangod, in Ixmdon tn 1891. The 
work of the Congress began in earnest on Mooda y, and among 
the subject* discussed was a proposition submitted by Dr* 
Jablowski* the Russian delegate, to the effect that Children 
sufierlng from tuberculosis of the lungs, or even only suspected 
to have this complaint, should be sent back from school to their 
families. This proposal was rejected, but it was considered 
that Aht school doctor should exclude such pupils as by the 
dangerous character of their expectorations might spread the 
specific germ of pulmonary consumption. On 'tuesday there 
was a discussion on the ^spectioti of unwholesome dwelHngs ; 
and in connection with ^'the dust-bin grievance *^ the Congress 
unanimously passed a resolution that kitchen refuse should never 
be kept in the house over night, that it should be placed outside 
ht metallic boxes, and tbM it should be removed every twenty- 
four hours. « 

In his interesting speech on the Education Estimates on Mon- 
day, Sir W. Hart Dyke had much to say about the new Code, 
the onfotcing oiT which lie has been obliged to postpone. He 
^wed that it would '’open and widen the currleulmn/' and 
rnferred eopeciidly to thp advantages it would confer op smoil 
schools In the midst of a scattered agHCultarat population. The 


mass of our agricultural schools In (England and Ayalec did 
nothing but just pass their scholars through the elementary 
subjects. Both sides of the House regarded that as a most de* 
plorable thing. Questions had been put to him from time to 
time as to teaching agticulture in the rural schools. Knowing 
something of rural school life, be should do nothing so absurd as 
to attempt to turn out first-rate agriculturists from our elementary 
schools. But there was a vast difierenoe between that and turn- 
ing children out knowing nothing of plants or botany or of 
insect life, and what was useful ami what was injurious to 
agriculture. A vast deal of good might be done by training in 
regard to these matters. What they proposed to do was to pro- 
vide that any scholar might attend elementary science classes at 
district centres. At present, in town* as well os in agricultural 
districts, more combination was required between schools to 
enable them to carry out different kinds of teaching. What one 
school was unable to do, a group of three or four, with little 
trouble and with an economy of expenditure, might readily carry 
out. Sir John Lubb ock and Sir Henry Roscoe expressed much 
regret that the new C )de had been for the present withdrawn, 
and hoped that it would be introduced again next session. 

The committee of the national a<;sociatioa for the promotion 
of technical education have issued their seond annud report. 
They think they may fairly congratulate the members ou the 
progress made by the movement during the past year. On May 
I, 1888, an anonymous donor offered to contribute ;i‘soo to the 
funds of the association, provided looo were raised from Other 
sources before May i, i8Sc> The support received from the 
public has been such that the committee have secured this dona- 
lion, They refer with especial satisfaction to the support 
received from representative bodies of working men. No fewer 
than thirty-one working men’s Co-operative Societies have givoo 
donations or subscriptions during the year, and many more are 
in complete accord with the aims of the associatiou. The com- 
mittee hope that with the resources now at their disposal they 
may be able to extend their work, particularly in the department 
of secondary educati m, ■ bur they appeal for a larger number of 
annual subscriptions. Nothing has occurred to weaken their 
belief in the magnitude and urgency of the work which need* to 
be carried out to improve, develop, and harmonize, and bring into 
close relations one ^ with another, the elementary, scpondatyv 
and technical education of the country. 

The establishment of a technical school at Frankfort-on- 
Maine for young artisan* and mechanic* was planned long since 
by different corporations in that city, and from a statemeal 
made lately by the mayor, it appeari that all the expenoes In 
oonoeetion with the school are to be borne by the city^ whloli 
will aUo give the room* and see to the appointment of thO 
teachers. The lesson* will be given on Sundays and in the 
evening on week day*. The pupils will be charged a yevy 
moderate tuition fee only. Great energy is displayed In Order 
to open this school very ahortly, says the British Consul to 
last Report, os the aocomplishinent of the scheme will be hoitod 
with great satisfiictloD throughout the city. 

The death of Mr. C. Spence Bate, F*R.S,, at Ptymoi^ Ja 
announced. He was the author of the ** Report of the Cru^tO^ 
Macrura dredged by durthg the ye^ 

i 873 ^ 7 €*” He was also the author, Of the Cat^Ogde Of iw 
Specimens of Amphipodous Crustacea in the CoBection of ^ 
British Mmeutn^* ^ and of a work on '^The Pothole^ Of 
Caries.” In conjuiK;^»n with Mr. J, 0 . Wertwood* Mr- fiat* 
wrote ** A History of the British ^esiile^eyed Ceustoeoa/^ : . r- 

Dueino hriit week Mrv John AUken ihe ^ 

Ohoemtmyih oDTirae^ tho prhtrosod 
the number Of dust particles in the atmoyfibere. Fmm Obtojw 
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tiooi m« 4 e by him tikd Mn Omond^ the numbers varied from 
jSiQ per cubic ceutlmetre about noon to 500 at 3 p.m. The 
purest air prevtonsly examined by Mr. Aitkw was on the Ayr^ 
eKira coast, and gave ia6o dust particles to the cubic oeoUmetre. 
It Ut of courae, premature to draw conclusions from these obser- 
vatioos, but it may be suggested that extended observation will 
in all probability establish the fact of the singular purity of the 
air at this height^ as compared with that at tower levels ; and 
that the numbers of dust particles will be greatest at the Obser* 
vmory id that part of the day when the ascending currents up the 
heated sides of the mountain arc strongest. 

KftrBRS.KCE was made in our last issue (p. 326) to the drought 
on the top 0/ Ben Nevis in June last. In that month the hours 
of sunshine registered by the sunshine recorder were 250, a number 
considerably in excess^- of any previous month, the highest 
having been 206 hours in June 1887. With the early disappear- 
ance of the snow and strong sunshine of June, such vegetation 
as is found at these heights is well forward. On July 22^ hue 
specimens of Silem mariiima^ about 8 inches in height, well 
grown, with abundant flowers, many of them in seed well 
matured, were gathered on Cairn Dearg, one of the lower 
heights of the mountain, at a height of 3800 feet above the sea. 
In Hooker’s Flora of the British Islands,’* the limiting height 
of this plant is given at 3000 feet. 

The Report of the Director of the Hong Kong Observatory, 
for 1888, has been issued. Jt is an interesting and exhaustive 
document. In reference to thunderstorms in the colony during 
the past live years, Dr. Doberck states that they are most 
frequent in May, and that they have not occurred in November, 
December, and January, They seldom happen in February. 
With reference to the daily variation, they arc more frequent at 
night than during the day-time in the proportion of three to two. 
They appear to be most abundant about i a m. , and least so a bout 
8 a.m., in the proportion of about two to one. During the past 
year the temperature was on an average higher than in previous 
years, and rose higher than before on hot days. This appears to 
have been at least partly due to a more southerly direction of the 
wind, but the temperature has been rising on the whole since 
1884. Whether this is periodical i*emains to be investigated. 
The Director thinks there are fair prospects of finding it is so. 
The past year was more damp than usual, the rainfall was heavy, 
and the mean barometer below the average. The amount of 
sunshine was less, and the cloudiness greater than usual. It is 
generally considered to have been an unhealthy year. 

ScUnu says that in 1887-88 the courses in astronomy at 
the Johns Hopkins University were so extended as to justify its 
being chosen as a principal subject by candidates for the degree 
of Doctor of Philosophy. A smalt observatory has been erected, 
and is fitted up with a meridian circle by Fauth and Co., a port- 
able transit lastrument by Tcoughton^ a clock, a chronograph, 
and other subsidiary apparatus. In the dome of the physical 
laboratory is mounted an equatorial of 9^ inches aperture, so 
that the student can learn to make the usual determina- 
tions with the largest instruments of that class. The work in 
agronomy conalsta of a study of the history and practice of the 
suhjfct. Supplemented by hutructioii in the use of the Instru- 
ments, and eaeni^ses in astronomical computation, During the 
year 1889^-90 the courses ate intended to ewef a wider range of 
indltidu^ subjects than usual 

The Royal Soclet;y of New South Wales offers Its medal and 
> money prise Tor the best Comi»wsicatfoo (provided it be of 
nieHt} containing the results of Origiaal retearch or 
upon ea^ of ', the folio winjg subjects. To be 
es^t in not 4»fcer tW May 4 iSpor-^The inffueuce of 
Australian' Utimare (fehersfl hhd local) In the develop* 


ment and modification of disease—the Society's Medal and 
; on the silver ore deposits of New South Wales— the 
Society’s Medal and ; on the occurrence of precious stones 
in New South Wales, with a description of the deposits In which 
they ore found»-^be Society’s Medal and £2$* To be sent in 
not later than May r, 1891 : — The meteorology of Australia, 
New iSealand, and Tasmania— the Society’s Medal and £2$ ; 
anatomy and life-history of the Echidna and Platypus— the 
Society’s Medal and^f'aj ; the microscopic structure of Australian 
rocks— the Society’s Medal and £2$. The competition is in 
DO way confined to members of the Society, nor to residents in 
Australia, but U open to all without any restriction whatever, 
excepting that a prize will not be awarded to a member of the 
Council for the time being ; neither will an award be made for 
a mere compilation, however meritorious in its way. The com- 
mimication, to be successful, must be either wholly or in part the 
result of original observation or research on the part of the 
contributor. 

At a recent meeliog of the Genevan Society of Physics and 
Natural History, M. Mallet exhibited two balls of almost per- 
fect sphericity, about 4 inches in diameter, one black, and of 
vegetable origin, the other white, and of mineral origin, but both 
produced by a mechanical movement. The black ball had been 
found with another in a piece of oak which had long served as 
the shaft of a mill-wheel. A cavity having formed in the wood, 
through disease or the work of some insect, the dust of the wood, 
with acquired moisture, had lieen rolled into this spherical form, 
growing tn size, like a snowball (a slow process of many years 
probably, as the wheel was very old). The white ball, a cal- 
careous pebble, was found with many others in a grotto traversed 
liy a torrent which flowed into the Rhone, 

Four years ago a light-ship was stationed in the Baltic, 
between the Islands of Bornholm and Kugen, and the currents 
there have been measured on 294 days in a year, every two 
hours, with interesting results (described by Herr Dinklage in the 
It is found that the currents vary 
most irregularly in direction, strength, and duration, but in 
most cases follow the prevailing winds (of which the westerly 
are the most frequent). Currents which did not diverge more than 
90^* from the wind’s direction l>eing counted as similar in direc- 
tion, 86 per cent, were of this nature. The relation becomes 
more pronounced when only winds and currents above a certain 
limit of force are considered. A sudden change in direction of 
wind is soon followed by a change in that of current. T'he e fleet 
of wind direction on current direction is certainly apparent tha 
first day, and to a depth of at least 5 metres. The direction of 
current rarely coincides exactly with that of wind, and diverg- 
ence td the right is distinctly more frequent than divergence to 
the left. As this cannot be attributed to the form of neigh* 
boaring coasts or to the circulation of winds (for winds in oup 
ktitudes turn mostly the other way), the author regards the 
effect as due to the rotation of the earth. 

The Northern Lighthouse Board have adopted IViestman's 
oil engines for blowing fog signals In preference to steam or gas 
engines, A great saving is thus effected in first cost, no chimney 
being required as in the case of a steam engine, nor gas works, 
which would be needful if a gas ei^ine were adopted. 

The first purl of the Journal of the Collie of Science of the 
Imperial University of Japan, which has just been published* 
contains two papers iHusirated by numerous excellent plate?. 
The first is by Frof. Matsujiro Yokoyama, on tht subject 
of “Jurassic Plants from Kagn, Hida, and Echixen," threa 
provinces on the west coast of Japan. It is a valuable contribu^ 
tlon to our knowledge of the fosdl flora of Japan, a subject 
hiiherlo little investigated. Piof. Yokoyama’s spec mens were 
collected, for the most part, by ihe Geological Survey of Japan. 
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His deacriptioiu and dasalfiaation show a thorough acquaintance 
with the subject. The conclusion he arrives at is that the 
** Jurassic flora of Kaga, Hldst and Echizen belongs to the same 
geological honson» as the flora of Siberia^ Spitsbergen, and 
Vorkshire-<-nainely, {o the Bathonian stage of the Inferior Oolite 
with special relations to the flora of Siberia.’^ The second paper 
is by Prof. Yasushi Kikucbl* on ^’Pyroxenk Components in 
certain Volcanic Hocks from the Bonin Islands." 

iK bis Annual Report on Education in Hong Kong, Dr. Eitel, 
the Goyentment Inspector of Schods, says that the total number 
of educational institutions of all descriptions known to have been 
at work in the colony of Hong Kong during the year 1888 
amounts to 206 schools, with a grand total of 8717 scholars. 
More than three-fourths of the whole number of scholars — that 
is to say, 672S — attended schools (99 in number) which are sub- 
ject to Government supervision, and either established or aided 
by Government in some form or other. The remaindcr--viz. 
107 schools, with 19S9 scholars —are private institutions entirely 
independent of Government supervision, and receiving no aid 
from public funds, except that they are exempt from payment of 
rates and taxes. 


*‘ mahoe/’ of which huge numbers are annuallydestroyed by the 
peasantry by being stripped of their bark, which is twisted into- 
ropes. Another intWesting circumstance alluded to is the suti* 
cessM experiment of grafting the mangostien (which, although 
growing at Castleton for many years^ has only recently reached 
the fruiting stage) upon the gamboge tree of common growth. 

The additions to the Zoological Society's Gardens during the 
past week include a Macaque Monkey {Maca^m cj^mtmofgus 9 ) 
from India, presented by Mr, H. J. Cunnington ; a Peregrine 
Falcon (Fa/co captured at sea, presented by Captain. 

Watson; an Indian Fruit Bat (JHtropus medius from India, 
presented by Mr. Tholen ; an Ocelot {FeHs parMis) and a 
Brazilian Cariama {Cariama cristate^ from South America, 
presented by Captain W. Heathom Lacy; a Tuberculated 
Iguana {Iguana tuherculata) from Brasil, presented by Mr. H. 
K. Biandford ; three Palm Squirrels {Seiuma peUmarum) from 
India, purchased ; an Indian Python {Python wolarus) from 
India, deposited; and ten Gold Pheasants {Ihaumalea picta\ 
bred in the Gardens. 


M. Tauimn, who was recently despatched by the Governor- 
General of French Indo-China to the Laos States on an explora- 
tion, has presented a report of the results, which he sums up as 
follows ;— ** I have studied the language and system of writing 
of the Laos — that is, of the only population in the world pos- 
sessing a graphic-alphabetical system, Of this there has been 
up ter the present no positive knowledge. It was only known 
that the Laotian language and writing were somewhat similar to 
those of Siam. The language is spoken by about four millions 
of people. I have collected interesting information relating to 
the natural history of these regions, and much commercial 
information. ... I have made numerous meteorological 
observations, and taken a large number of anthropometrical 
measurements according to the Broca system." 

In the hvesiia of the Moscow Society of the Friends of 
Natural Science, vo). Ixiii., there is an exhaustive work, by M. 
Kbaruzin, on the Kirghizes. The ant hropoiogical data relative 
to the great Buk^ff stem are fully presented, and illuslmted by 
sixteen photographs, The writer also describes the religious 
beliefs of the Kirghizes, their religious festivities and worship, 
and their customary law. An appendix contains the results of 
the excavation of thirty-sU koorgans in the Kirghiz Steppe. 

The Governor of Jamaica, in his Report regarding the pro- 
gress of the colony during the past year, says that the Department 
of Public Gardens and Plantations has done much useful work, 
and that the distribution and collection of valuable economic 
plants have been actively carried on. The Hope Gardens, 
which are intended to take the place of lliose at Castletpn, as the 
head botanical station, have made good progress, but as they are 
young, and the authorized annual expenditure limited, some Ume 
must elapse before they will be complete. Although they are 19 
miles from Kingston, they attract a large number of visitors. At 
the cinchona plantation actual cultivation has ceased so far as 
planting operations are concerned, but the establishment of a 
hill garden there has been attended to. No cinchona bark 
was shipped during the year, but bark has been supplied to tbe 
Government analytical chemist for preparation of a liquid extract 
of a febrifuge manufactured according to a method adopted by 
Mr^ Hooper, Government Quinulogist in the NilgirU, and which 
is to be tested by the Medical Department of the colony. 
Attention U directed to the propagation at Castleton of the 
Manilla hemp plant with a view to its introduction into difllsrent 
parts of the island, nod it b pointed out that even If the fibre is 
not tttUised as an article of export, it may supply a local demaUfi 
fQt rbp^ aod so save sueb a valuali^ Umber-tree as the 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 AUGUST 11-17. 

/T7OR the reckoning of lime Ihc civil day, commencing at 
' ^ Greenwich mean midnight, counting ihe hours on to 24, 
is here employed.) 

At Granwich on Augttst 11 

Sun rises, 4h. 41m. ; souths, I2h. 4m. 56*38.; daily decrease 
of southing, 97s. ; sets, I9h. 28 m.: right asc. on meridian, 
9h. 25‘5m. ; decl. 15* 9' N. Sidereal Time at Sunset, 
I6 Jl 50m. 

Moon (Full on August ii, 5h.) rises, i9h. 36m.*; souths,, 
23h. 5Sm.* ; sets, 4h. 28m, ! right asc, on meridian, 
2ih. 16 ‘5m, ; decl. 18* 54' S. 

Right MC. and decUoatioa 

Ptasec. Rists. Soathi. Sett. on nuiridiaa. 

h> 0 ). h. III. hi 10 . h. in. , , 

Mercury.. 4 56 ... 12 22 ... 19 48 ... 9 43*2 ... 15 34 N, 

Venus ... 1 3 ... 9 5 ... 17 7 6 25 0 ... 21 17 N. 

Mars ... 3 4 ... 11 I ... 18 58 ... 8 21*3 ... 20 34 N. 

Jupiter ... 16 39 ... 20 32 ... o 25*... 17 54*4 ... 23 24 S, 

Saturn ... 5 1 ... 12 23 ... 19 45 9 43 7 M 53 ^- 

Uranus... 20 20 ... 15 49 ... 22 28 ... 13 10*3 ... .6 50 S, 

Neptune.. 23 1*.. 6 52 ... 14 41 ... 4 10*9 ... 29 25 K. 

* Indicates that the rising and southing arc those of the preceding evening 

and the setting that of the ioliowing morning. 

Aug. h. 

II ... 14 ... Mercury in conjunction with and north 

of Saturn. 

16 ... 14 ... Saturn in conjunction with the Sun. 


Variablt Stars, 


Star. 

0 Celi (Mira) 

8 Librse 
V CoroDie ... 
U Ophiuchi... 

X Sagittarii ... 

W Sagittarii 
U Aqoile ... 
e AquUw ... 
R Sagittm ... 
WCygnf ... 
8 Cephei ... 


R.A- 
h, m. 

2 13 7 . 
14 55 ’; ■ 
*5 4S'6. 
17 10*9 . 

27 40'6 

17 57*9 . 


l>ccL 

8 5S. 

39 54 N. 

1 20 N. 


b. m. 

.. Aug. II, M 

.. „ 15, I 40 as 

,, It, M 

13, 1 36 *» 


and at intervals of 
27 47 S. ... Aug. 12, 
16, 

ISr 

il: 

u, 


... »9 35 S- - . 
19 arj.- 7 16 S; ... , 
... 19 46*8 ... o 43 N. ... , 

> ■«* 20 9*0 ... 16 23 N, ... 

... ai 31*9 ...44 S 3 N 

... aa as*i ... $7 $1 N. ... , 

Afrifalfieaiiiarimum; m mhdifiuia^ 


8 

OAf 
o m 
oM 
0 m 

' m ' 


2 oM 


The Ftrsnds 
Near>t Fersei ... 
„ 5 Auriga 
a Draconic 


R.A Ded. 

... 44 * •*. 5^N. ... Swift ; UmkL 

60 ... 48 N. 

•',* 74 41 ,»ji 

... m V- 


* 
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MpMtmtfis 0/ CpmH JUHviiism {by Kr%$^g(r\ 

<jrB«nwich lltcM A»censk>n. Declination. 

CiVilTitna. h. r. m, i. . « 

Augunto...o ... 15 7 26 ... 8 15 N. 

ij...a ... 15 1^ iS ... 10 55 

14. . .0 ... 15 24 at ... 13 14 

16.. .0 ... IS 31 43 ... IS 17 N. 

Comet dimiushing in brightness. 


geographical notes. j 

We regret to learn of the death of Lieutenant Tappenbeck in ! 
the Cameroons. He, with Lieutenant Kund, had been doing • 
good work in the Cameroons interior, they had before done 
JO the Congo r^ion. . Liebtenant Kund has returned to 
Berlin, and has been describing the results of his second joum^ 
into the interior. In general, he and hU companions followed 
the same route as on the previous expedition, and were received 
in quite a friendly way by the natives who had before attacked 
them. Very interesting observiitions were made as to the 
ethnological conditions of the South Cameroons region. A spot 
was selected for a station, of which the late Lieutenant Tappen- 
beck was to have been chief. The region Is close to the limit 
of distribution of the Bantus, and there is a considerable variety 
of ethnological mixtures. Within the limits of the primaeval 
forest, which lies behind the narrow coast stretch, the explorers 
came upon an almost dwarfish tribe, with yellow skins, hunting 
in scattered hordes, and building only temporary shelter}; for 
themselves. On the plateau, again, the explorers met with a 
free and friendly population of large, strong, and b.'indsome men, 
with a well-organized social system, (^uite different from the 
degraded coast people and (he decaying forest people, these 
highland tribes have preserved the original good features of 
(heir race ; and among them, Lieutenant Kund thinks, the 
scientific and icdustiial development of the Cameroons might 
be carried out. 


way. He ascended the Madeira from the Amazons, and although 
this is the only route by which the considerable tr^e to and ^ 
between the Amasons and Bolivia is carried on, it took Colonel 
Labre, with a large and well-equipped expedition, thirty-four days 
to accomplish the 161 miles between San Antonio at the foot of 
the long senes of falls, and the town of Villa Bella at the mouth 
of the Beni. During the overland journey several tribes of 
Indians were met with, about whom little or nothing is known. 
The people are mostly Araunas, and seem to have a well- 
organiKca social system, with temples and some form of worship. 
The women, some of them light- coloured, are not allowed to 
enter the temples. The idols arc not of human form, but arc 
geometrical figures made of wood and polished. Several other 
tribes were met with. The 'general result of Colonel Labre*s 
expedition was to open up a route of communication between the 
loige towns of the Amazons and the whole of Norihei n Bolivia, 
a route whicli may be extended to Southern Peru by the naviga- 
tion of the Madre de Dios to the province of Pancostambo and 
the rich and populous province of Cuzco. Colonel Labre be- 
lieves that the Purus and its affluents contain about 40,000 
indigenes speaking forty or more different languages. 

Dr. H. Meyer has arrived at Zanzibar for the purpose of 
I making another attempt to ascend to the highest summit of 
j Kilimanjaro. He will afterwards proceed to explore Mount 
Kenia. 

According to /V/rrmnWr Prof. A. Wichmann 

has recently returned to Europe from his )ourncy to the Dutch 
East Indies. On the little island of Samauw, lying off the 
coast of Timor, he found numerous mud volcanoes. On the 
island of Kotti, at the south -west end of Timor, he discovered 
upon the slopes, in two mud volcanoes, some ammonites and 
helemnites, the first Jurassic fossils which have been found* in 
this archipelago. Prof. Wichmann crossed from Palos, on the 
island of Celebes, to the Bay of Tomine, on the east coast. The 
route lay over a mountain range about 3000 feet high, covered 
with primeeval forests, and uninhabited. These mountains are 
composed of gneiss, crystalline slate, and granite. 


Everyone interested in geographical exploration will be 
soriy to hear of the death, apparently by assassination, of 
M. Camille Douls, while on his way across the Sahara towards 
Timbuetoo. M. DouU was born at Bordes, in Aveyron, in 
1864. In 1881 he visited the Antilles and Central America ; 
and four years afterwards he spent some time in Morocco, 
studying Che langu^e and manners of the Arabs. In 1887 he 
explored the un visited western regions of the Sahara ; and last 
year be started on the journey which n^as destined, unhappily, 
to be his last. 


Mr. Ernest Favenc describes in the August number of 
the Proceedings of the Hoyal Geographical ^ciety, the re- 
sults of a recent exploring journey in West Australia, in 
the country situated about 24’ S. lat. The result of the trip 
was the dUcovepr of several large tributary rivers of the 
Arisburtoo, running through magnificent pastoral country. 
Mr. Favenc found the physical features of the country dif- 
ferent entirety to the conjectural ones placed on some m the 
maps of WesCAustraila. Still there is a very great scarcity of 
water, many of the river beds being quite eropiy, Thegeolo- 
gienl formation of the Ashburton Is against the likelihood of any 
valuable mineral deposits being discovered in the future. There 
seemr however, to be indications of a gold reef at the bead of the 
Gascoyne, 


CoLONEt Aktonio R, F. Labee. a BtasUian gentleman, has 
for somo time been doing Important exploring work in the 
rc^on between the Beni and Madre de Dios rivers and the 
Purus, these great Scnith American rivers have bimn often 
enough firilo^ed along their courses, but no one had attempted 
to pfOatmte through the prims^al forests separate their 
-- — this m what Colonel Labre has done, his leading 


being CO eaplorw the india-rubber r^ the region. 

Tbsve are many mbbter ettfeions along these rivets, mainly 
optti^ded by BcMvians. The prineipnl journey of Colonel 
Waa underis^ for the purpo^ of crossing westward from 
thei^ia^Subher sOUlemefl^sontim^^ Dios to thenearest 

point on the tributary of the Furus^ and ascer^ 
jiflhe dirianoe hud the ikntuie PT the ground presented 
i lbr tlmodbrithti^nofamdi ridl- 


M. H. COVDREAU recently described to the Paris Geographi- 
cal Society the results of his last expedition to the Tumuc* 
Humac Mountains (Guiana), which were only very imperfectly 
explored by the laic M. Crevaux. M. Coudreau effecterl a sur- 
vey on the scale of i j 100, oco of 2500 miles of route, 1625 miles^ 
of which lay along river- courses, and the remaining 875 among 
the mountains. A complete survey was executed of the courses 
of the Maroni, Oyapock, and Maroni, from their mouths to their 
sources. M. Coudreau penetrated into ihe trackless part of the 
forest, where a passage had t<» be hewn out. Measurements 
were made of 150 summits, and the sources of nearly all the 
water-courses of both slopes of the range were fixed. The cli- 
mate of these highlands is healthy, the mean temperature being 
about 72® F, immense forests cover a large belt of country 
at the foot of the mountains. From an ethnographical point of 
view, M. Coudrenu’s mission has resulted in the careful study of 
the manners, customs, and dialects of the score or so of Indian 
tribea inhabiting this region. 

M. Borei.li, who for three years has been exploring in the 
Shoa region and the Gall a country, tracing the course of an 
important River Omo, is convinced that this river falls into I.ake 
Samburu, the Prince Rudolf Lake of Count Teleki ; and that 
therefore the Omo does not belong to the Nile basin, but to an 
entirely distinct inland lake system, which has no outlet. M. 
Borehi has brought home hundreds of photographs of the 
people of the region he has been exploring, and large collections 
of specimens of (he products of the country which will be 
deposited in the Trocadero. 

General Strelbitekv has just published a new edition of 
his work, “The Superficies of the Russian Empire and the 
Neighbouring States of Asia.'* He has incorwraied in this 
edition all the new data, accumulated since 1875, relating to 
the measurement of the superficies of Russia and her Asiatic 
possessions. Detailed dafa as to the superficies of interior seas 
and lakes, is1af:ds, and drainage-areas of separate rivers are 
added ; and the writer presents the first trusta*orthy informa Bern 
as to the superfiriea of China, Persia, Afghanistan, Bukhara, 
Khiva, Corea, and jhpan. All figures are given in geographical 
miles* kilombtHts, and Russian versts. , 
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AN ATTEMPT TO APPLY 7V CHEMISTPY 
ONE OF THE PRmCIPLES OF NEWTONS 
NATURAL PHILOSOPHY^ 

^ ATURE, ine#1;,to th« eye* of the ancients, has been revealed 
to us as full of iife and activity. The conviction that motion 
f>ervade<i all things, which was first realized with respect to the 
stellar universe, Ims now extended to the unseen world of atoms. 
No sooner bad the human understanding denied to the e^rlh a 
fixed portion and launched it along its path in »aoe, than it 
was sought to fix immovably the aun and the stars. But astronomy 
has demonstrated that the sun moves with unswerving regularity 
through ihe slar-set universe at the rate of about 50 kilometres 
per second. Among the so called fixed atora are now discerned 
manifold changes and various orders of movement. Light, heat, 
'electricity — Hke sound — have been proved to be modes of mo» 
aion ; to the realization of this fact modem science is indebted 
for powers which have been used with such briiliant success, and 
which have been expounded so clearly at this lecture -table by 
Faraday and by his successors. As in the imagination of Dante 
the invisible air l>ecamc f^pled with spiritual beingw, ao before 
the eyes of earnest inve-tigaiors, and especially before those of 
-Clerk Maxwell, the invisible mass of gases became peopled with 
particles ; their rapid movements, their collisions, and impacts 
became so manifest that it seemed almost possible to count the 
impacts and determine many of the pcculiariiies or laws of their 
collisions. The fact of the existence of these invisible motions 
may at once be made apparent by demonat rating the difference 
in the rate of diffusion through porona bodies of the light and 
rapidly moving atoms of hydrogen and the heavier and more 
sluggish particles of air. Within the masses of liquid and of 
solid bodies we have been forced to acknowledge the existence 
•of persistent though limited motion of their ultimate particles, 

. for Qthcraise it wculd be impossible to explain, for example, the 
celebrated experiments of Graham on'diffuiion through liquid and 
•colloidal substances. If there were, in our times, no belief in 
the molecular rnoiivm ill solid bodies, could the famous Spring 
have hoped to attain any result by mixing carefully dried powders 
■of potash *alfpetre, and acetate of soda, in order to produce, by 
pressure, a chemical reaction between these substances through 
the interchange of their me laU, and have derivctl, for the con- 
viction of the incredulous, a mixture of two hygroscopic though 
solid salts-^nttrute of soda and acetate of potash r' 

In these invisible and apparently chaotic movements, reaching 
from the stars to the minutest atoms, there reigns, however, an 
harmonious order which is commonly mistaken fo» complete 
rest, but which is really a consequence of Ihe conservation of 
that dynamic equilibrium which was first discerned by the genius 
nf Newton, and which has been traced by his successors in the 
detailed analysis of the panicular consequences of the great 
gencraluation,— namely, relative immovability in the midst of 
unlv'^rsal and active movement, 

But the unseen world of chemical changes is closely analogous 
(o the visible world of the heavenly bodies, since our atoms 
fnnn distinct portions of an invisible world, os planets, sateUites, 
4ind Cfijmtrts form distinct portions of ihe astronomer'* universe ; 
our atoms may therefore be c <mpated to the solar system^ or to 
the •tystems of double or of single siar^^ for example, ammonia 
{NMj) may be represented in the simplest manner by supposing 
the sun nitrogen surrounded by its planets of hydrogen ; and 
common salt (NaCl) may be looked upon as a dotiblo star formed 
of nitrogen and chlorme. Besides, now that the indeSiruotihillty 
of the elements has been acknowledged, chemical changes 
cannot otherwise be exfdained than as changes of motion, and 
the production by chemical reactions of galvanic tmrrents, of 
light, of heal, of pressure, or of steam power, demonstrate 
visibly that the processes of chemical reectioa are inevitably 
•connected with enormous though unseen dinplacements^ originat- 
ing in the movements of atoms in molecules, Astyonotnev* and 
natural phil<^phers, ia studying the visible motions of the 
heavenly bedies and of matter on wie earth, haveundaratood and 
have estimated the value of thisstoi^ of energy. But the tiurtnist 
ha* bad to pursue a contrary course. Observing in the physical 
and mechanical phenomena vftdch accompany chemicM reacilbtis 
the quantity of energy manifested by the atoms arid mofoonles, 
he is conatrained to aclrt»t>rirWge that within the moleotileB there 
lexist atoms iri motion, endowed with an enetgy whlchi Ukc 
natter itself, is neither bctpg cteated nor is capable of Wing 

\ the Friday avaeine lawiew dQttyered at the Royal In^thudon offbeat 
Btttain. on May IT, >$69; by PTuf. Manrialevg; Profetobf of Chei^ttiy m 
tht WwratO' of St, Ptttfrfthurgr 


destroyed. Therefore, in chemistry, we must seek dynamic 
equilibrium not only between the motecute* but alao in their 
midst among their component atoms. Many condUions of such 
equilibrium have been determined, but much remams to be done, 
and it is not uncommoni even In these days, to find (hat some 
cKemiats forget that there is the possibility of motion in the 
interior of molecules, and therefore represent them as being in a 
condition of death dike inactivity. 

Chemical comMtiations take place with ao much ease and 
rapidity, possess so many special characteristics, and are so 
numerous, that their simplicity and order was for a long time hid 
from investigators, Sympathy, relationship, all the caprice* or 
all the fancirulnesa of human intercourse, seemed to have found 
complete analogies, in chemical combinations, but with this 
difference, that the characteristics of the material Ru1>stances — 
such as silver, for example, or of any other body— remain un- 
changed in every subdivUion from the largest masses to the 
RcriAllest particles, and consequently their characteristics roust be 
a property of its particles. But the world of heavenly lumin- 
aries appeared equally fanciful at man's first acquaintance with 
it, so much so that the astrologers imagined a connection be- 
tween the individualities of men and the conjunctions of planets. 
Thanks to the genius of Lavoisier and of Dalton, man has been 
able, in the unseen world of chemical combinations, to recog- 
nize laws of the same simple order as those which Copernicus 
and Kepler proved to exist in the planetary universe. Man dis- 
covered, and continues every hour to discover, toAat remains 
unchanged in chemical evolution, and h&io changes take place 
in combinations of the unchangeable. He bo* learned to pre- 
dict, not only what possible combination* may take place, but 
also the very existence of atoms of unknown elementary bodie*-, 
and ha* besides succeeded in making innumerable practical ap- 
plication* of his knowledge, to the great advantage of his race, 
and haa rcconiplished this notwithstanding that notions of sym- 
pathy and affinity still preserve a strong vitality in science. At 
present we cannot apply Ncwion^s principles to chemistry, be- 
cause the soil is only being now prepared. The Invisible worhl 
of chemical atoms is still waiting for the creator of chemical 
mechanics. For him our nge is collecting a mass of materials, 
the inductions of well digested facts, and many-sided iftferencen 
similar to ibose whicli existed for astronomy and mechanics in 
the days of Newton. It is well also to lemcmbcr that Newlon 
dcvDtfd much time to chemical experiments, and while consider- 
ing questions of ccle>ilial mechanics, per-istently kept in view 
the mutoal action of those infinitely small worlds which are 
concerned in chemical evolutions. For this reason, and also to 
maintain the unity of laws, it seems to me that we must, In the 
first instance, ^ek to harmonize the various phases of con- 
temporary chemical theories with the immortal principles of the 
Newtonian natural philosophy, and so hasten the advent of true 
chemical mechanics. Let the above considerations serve a* my 
justification for the attempt which I propose to make to act as 
a champion of the universality of the Newtoniwi principle*, 
which 1 believe are competent to embrace every phenoi;QCiR><i 
in the universe, from the rotation of (he fixed stars, to the 
ieterchanges of chemical atoms. 

In the first place, I consider it indispensable to bear in mind 
that, np to quite recent times, only a one-sided affinity has been 
recognised in chemical reactions. for example^ from the 

ci^nmstance that red-hot iron decomposes water with the 
evolution of hydrogen, it was conduaed that oxygen had > 
greater affinity for iron than for hydrogen. But h^rog^m^Io 
presence of red-hot iron scale, appropriates its oxygen, and forms 
water, whence an exactly opposite coodosion may be formed^ 

During the last ten year* a gradual, scarcely perceptible, bwt 
most important change has taken place in the views, and cot*: 
•equcmiy in the researches, of chemists. They have Sought 
everywhere, and have always found systems of conservation or 
dynamic equilibrium substantially aimilar to those which cuCttfral 
pbBwophets^ave loi^ since discovered in the visible wbrld# and’ 
in virtue of which the position of the heavenly bodies in the 
universe is determined, There, tehere one-sided affinities only 
were at first detected, not only secondary or foteral ones hare 
been found, but even those which are dUm^e^y opposite, yet 
am^ these, dynamical equUibriimi eatayjshes itm i^ W 
excluding one or other of (he forces^ bat segnlatiim them fUL 
Sb fhe^ ^leihiat finds In the fiatnO of (he Idist^fiimaoe^ lli' 
formation of every salt, and, whh es^td eloarnssnh^W^^^ 
rind m thy c^s^liastfon of «daiikriiaiwo< n %ht 
in ibe victojy of one as need to WsnppoM* hitt 
junction of foroes ; the pe&ea of dynnmfo 
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thie ftc^tqn of ttdAy forceii and alBnities. Carbonaceous 
HEMiy^a* fbf example burn at the expense of the oxygen of the 
nin yij^idktg a quantity of heat and forming products of com* 
hUstfOtii, In which It was thought that the affinities of the oxygen 
with the cothbnstible elements were ^^otisfied. But it appeared 
fhat the heat of comhnetion was competent to decompose these 
products* to dissociate the oxygen from the combustible elements ; 
and therefore* to explain combustion futly^ it U necessary to take 
into account thee^uitib turn between opposite reoctioos* between 
those which evolve and those which absorb heat 

In the same wsy, in the case of the solution of common salt 
in Watetj it is necessary to take into account, on the one hand, 
the formation of compound particles generated by the combina- 
tion of salt with water^ and, on the other, the disintegration or 
scattering of the new particles formed, as well as of those origin- 
ally contained, At present we hnd two currents of thought, 
apparently antagonistic to each other, dominating the study of 
solutions : according to the one, solution seems a mere act of 
building up or association ; according to the other, it is only 
dissociation or disintegration. The tiuib lies, evidently, between 
these views ; it lies, as I have endeavoured to prove by my in- 
vestignijons into aqueous solutions, in the dynamic equilibrium 
of particles tendinc to combine and nlso to fall asunoer. The 
large majority of chemical reactions which appeared to act vic- 
toriously along one line have been proved capable of acting as 
victoriously even along an exactly opposite line. Elements 
which utteily decline to combine directly may often be foimicd 
into comparatively stalde compounds by indirect means, as, for 
example, in the case of chlorine and carbon ; and, consequently, 
the sympxthies and antipathies, which it was thought to transfer 
from human relanons to those of atoms, should be laid aside 
until the mechanism of chemical relations h explained. Ect ufi 
remember, however, that chlorine, which does not form with 
carbon the chloride of carbon, is strongly absorbed, or, as it were, 
dissolved by carbon, which lead' us to suspect incipient chemical 
action even in an external and purely surface contact, and in- 
votuntarily gives rise to conceptions of that unity of the lorccs 
of Nature which has been so energetically insisted on by Sir 
William Grove and formulated in his famous paradox. Grove 
noticed that platinum, when fused in the oxyhvdrogen flame^ 
during which operation water is formed, when allowed to drop 
into water decomposes the latter and produces the explosive 
oxyhydrogen mixture. The explanation of this paradox, as of 
many others which arose during the period of chemical renais- 
sance, has ltd, in our time, to the promulgation hy Henri St. 
Claire Deville of the conception of diss' ciation and of equili- 
brium, and has recalled the teaching of Berlhollet, which, not- 
wdthstanding its brilliant confirmation by Heinrich Rose and 
Dr. Gladstone, had not, up to that period, been included in 
received chemical views. 

Chemical equilibrium inpneral, and dissociation in panicwlar, 
are now bv?ing so fully worked out in detail, and applied in such 
various ways, that I do not allude to them to develop, but only 
use them as exampleH by which to indicate the correctnC'S of a 
i^deacy to regard chemical combinations from points of view 
differing from Iho'-e expressed by the term hitherto appropriated 
todefinechemicftUorcea— namely, “affinity.” Chemical equilibria 
dUsociatlon, the speed of chemical reaciibos, therinO^chMistryr 
spectroscopy, and, more than all, the determination of the in- 
fiuence of masses and the search for a connection between the 
properties and weigh i a of. atoms and molecules ; in one word, 
the vast ma*R of the tmast important chemical reatarches of the 
present day, clearly indicates the near approach of the time 
when chemical doctrines win submit fully and completely to the 
dootrinq which was firet announced in the “ Princlpia'^ of Newton. 

in order that the application of these principles may bear 
fruit, it is evidently insufficient to assume that statical equili* 
brktm reigps alone m diemic^l systr ms or chemical molecules ; 
it is necesstrv to gtaap the qondUions of possible states of dy- 
namical e^uHibda, and to applv to tliem kinetic principles. 
Nummroaa hoosideratiohs cornel us to rcoonnee the idea of 
statical eqbill^ritiji^ In motecuUs, and the lecent yet strongly 
sv^^rted dynaodo principles con^iiure, in my 

the fo^ition of the Jnodern leaching relating io 
afott^ty, or the valency of the elcmeWs, which os^mlly furms 
tbe,b^fSw;V Invest gAtIpfW Into ojEaniebr carbon compounds. 

, 'Tps ha< led 10 brljtiani explanations of veiry many 

and tb casta of the dlftewnbe in 

the m substances paving the aaipe It : 

fruhftiil in Us tnatiy ei^lhatlu^ in4 in tht fore- 
of temote oous^tttnbfes, especkUy respecting carbon ] 


compounds^ that it is impossible to deny its claims to be ranked 
as a great achievement of chemical science. Its practical 
application to the synthesis of many substances of the mot-t 
complicated composition entering into the structure of organiced 
bodies, and to the creation of an unlimited number of cai^n 
compounds,^ among which the colours derived from coal tnr 
stand prominently forward, surpas-s the synthetical jwwers of 
Nature itself. Yet this teaching, as applied to the structure of 
carbon compounds, is not on the face of it directly applicable to 
the investigation of other elements, because in examining the 
first it is possible to assume that the atoms of carbon have 
always a definite and equal number of affinities, while in the 
combinations of other elements this is evidently inadmissiblr. 
Thus, for example, an atom of carbon yields only one compound 
with four atoms of hydrogen and one with four atoms of chlorine 
in the molecule, while the atoms of chlorine and hydrugen unite 
only in the proportions of one to one, Simplicity is here 
evident, and forms a imint of departure from which it is easy to 
move forward with firm and secure tread. Other elements aie 
of a different nature. Phosphorus unites with three and with 
five atoms of chlorine, and consequently the simplicity and 
sharpness of the application of structural conceptions are lo t. 
Sulphur unites only with two atoms of hydrogen, but with 
oxygen it enters into higher orders of combination. The 
periodic relationship which exists among all the properties of 
the elemeots, such, for example, as their ability lo enter into 
various combinations, and their atomic weights, ind leave that 
this variation in atomicity is subject to one iieifecily exact and 
general law, and it is only carbon aid its near analogues which 
constitute cases of permanently pr 'served atomicity. Ilia im- 
possible to recognize as constant and fundament.'il properties of 
atoms, powers which, in substance, have proved to l>e variable- 
But by abandoning the idea of fiermanence, and of the constant 
suturaliou of affinities-*-lhat is lo say, by acknowledging" the 
possibility of free affinities — many retail) a co nprehension of the 
atomicity of the elements “unaer given conditions”; and on 
this frail foundation they build up structures composed of 
chemical nvoleculcs, evidently only because the conception of 
manifold affinities gives, at once, a simple statical method of 
estimating the composition of the most complicated molecules 

1 shall enter neither into details, nor into the various con- 
sequence's following from these views, nor into the disputes 
which have sprung up respecting them (and relating especially 
lo the number of i'-omers possible on the assumption of free 
affinities), because the foundation or origin of theories of this 
nature suffers from the radical defect of being in opposition to 
dynamics. The molecule, as even Laurent expressed himself, 
is represented as an architectural siruciure, the style of which is 
determined by the fundamental arrangement of a few atoms 
while the decorative details, which are capable of being varied 
by the same forces, are formed by the dements entering into the 
combination. It is on this account that the term “structural ” is so 
appropriate to the contemporary views of thealxjve order, and that 
the ** constructors” seek to justify the tctrahedric. plane, or piis- 
maticdispocition of the atoms of car! on in benzoic. It is evidci.ti 
that the consideration relates to the statical position of atom.s and 
molecules^ and not to their kinetic relations. The atoms of the 
structural type arc like the lifeless pieces on a chess-board ; they 
are endowed but with the voices of living beings, and are not 
iho&e living brings themselves ; acting, indeed, according to- 
laws, yet each possessed of a store of energy, which, in the 
present state of our knowledge, must be taken into account. 

In the days of Hauy, crystals were considered in the same 
statical ana structural light, but modem crystallographers, 
having become more thoroughly acquainted with their physiol 
properties and their actual formation, have abandoned the prlier 
views and have made their doctrines defiendcnt on dynamics. 

The immediate object of this lecture is to show that, starting 
with Newton's third law of motion, h U possible to ^reserve to- 
cHemUtry all the advantages arising from structural teaching, 
without Mtng obliged to build up molecules in solid and motkn- 
leas fibres, or to ascribe to atoms definite limited valencies, 
direetWM of cohesion, or affinities. The wide extent of the sub-^ 
ject obliges me to t»eat only a small portion of it— namely, of 
wSsdfmom, without specially considering combinations and 
decomposkiona— *nd, even then, limiting myself to the simplest 
cxainpies, which, however, will ihruw open prospecu embracing 
all the natural oomplexhy of chemical relations, For this reason, 
if It iffiould prove possible to form groups similar, for example, 
to the remnants of molecules or CjH,, we 

shall not pause to consider them, because, as far as we. know,. 
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they Ml esunder into two pui^ Hi + H, or CH4 + H» u 
ebon M they ere even temp^rity formed, end ere cepabte of 
separate extfitenoep and therefore can take no part in the element- 
ary act of sttbstiution. AVith reepeot to the simplest moleottles 
which we shall Wlect-*-that is to say, those of which the parts 
have no separate existence, and therefore cannot ap^ar in sub- 
stitmions— we shall consider them according to the periodic 
law, arranginff them in direct dependence on the atomic weight 
of the elementt. 

Thus, for example, the molecules of the simplest hydrogen 
compounds — 

HF H ,0 H,N HX 

Hydi’cfl icr'x sold Water Atninonia Mathaiis 

correspond to elements the atomic weights of which decrease 
consecutively — 

F = 19, O = 16, N = 14, C = 12. 

Neither the arithmetical order (i, 2, 3, 4 atoms of h^^rogen) nor 
the total information we possess respecting^ the elements will 
permit us to interpolate into this typical senes one more addi- 
tional element ; and therefore we have here, for hydrogen com- 
pounds, a natural base upon which are built up those simple 
chemical combinations which we take as typical. But even 
they are competent to unite with each other, as we see, for 
instance, in the property which hydrofluoric acid has of forming 
9 hydrate— that is, of combining with water; and the similar 
attribute of ammonia, resulting in the formation of a caustic 
alkali, NHgHjO, or NH4OH. 

Having made these indispensable preliminary observations, 1 
may now attack the problem itself, and attem;^ to explain the 
so-called structure, or rather construction of molecules— that is 
to say, their constitution and transformations — without having 
redburse to the teaching of structionists,” but on Newton's 
dynamical principles. 

Of Newton's three laws of motion, only the third can be 
applied directly to chemical molecules when regarded as systems | 
of atoms among which it must be supposed that there exist | 
common influences or forces, and resulting compounded relative ; 
motions. Chemical reactions of every kind are undoubtedly 
accomplished by changes in these internal movements, respecting | 
the nature of which nothing is known at present, but the exist- ! 
ence of which the mass of evidence collected in modern times 
forces 118 to acknowledge as forming part of the common motion 
of the universe, and as a fact further established by the circum- 
stance that chemical reactions are always characterized by 
clianges of volume or the relations between the atoms or the ! 
molecules. Newton’s third law, which is applicable to every 
system, declares that " action is always associated with reaction, 
and is equal to it.” The brevity and conciseness of this axiom 
was, however, qualified by Newton in a more expanded state- 
ment : " The actions of bodies one upon another are always 
equal, and in opposite directions. ’* This simple fiict constitutes 
the point of departure for explaining dynamic emitlibriurn— that 
is to say, systems of conservancy. It is capable of satisfying 
even the dualists, apd of explatnmg, without additional assump- 
tions, the preservation of those oiemical types which Dumas, 
Laurent, and Gerhardt created unit typ^, and those views of 
atomic combinations which the structionists express by atom- 
icity or the valency of the elements, and, in connection with 
them, the various nnmbers of affinities. In reality, if a system 
of atoms or a molecule be given, then in it, according to the j 
third taw of Newton, each portion of atoms acts on the re- 
maining portion in the same manner and with the same force as 
the second set of atoms acts on the first. We infer directly 
from this consideration that both sets of atoms forming a 
molecule are not only equivalent with regard to themselves, 
as they must be according to Dalton's law, but also that they 
may, if united, replace each other. Let there be a molecule 
containing atoms A BC, it is clear that, according to Newton's 
law, the action of A on B C must be equal to the action of 
B C on A, and if the first action is directed on B C, then 
the second must be directed on A, and consequently then, 
where A can exist in dynamic equilibrium, B 0 may iidce its 
place and act In a like manner. In the same way the action 
of C is equal to the action of A B. tn one word every 
sets of atoms forming a molecule are equivalent; to each other, 
and may take each omer's place in other molecules, or, having 
the power of balancing each other, the atoms or tfieir comple- 
ments aw endowed with the power Of replacing each other, X^t 


us call this consequence V an evident axiom ihe 
substitution,’* imd let us apply it to tHoae typloa bf 
hydrogen compoudSa which we have mmty qisco*sed, 
which, on account of their simplicity ipid tegbtMtyV hard eervad 
as siartlng-poSotsof chemical oigutimntlongbefore she 
of the doctrine of structure. 

In the type of hydrofluoric acid, MF, or in i^ssems of double 
stars, are included a multitude of the simplest molebQles. It 
will be sufficient for our purpose to recall a fow f for example, 
the molecules of ohlorine, Cli, and of bydrogni, H«, and 
hydrochloric acid, HCl, wbioh is familiar to m in. aqueous 
solution as spirit of salt, and which has many points of 
resemblance with HF, HB|, HI. In these cases division 
into two parts can only be mode in one way, and therefore the 
principle of sulmitution renders it probable that exobangrs 
Wtween the chlorine and the hydrog^ can take place, 'if tbqy 
are competent to unite with each other. There was a time when 
no chemist would even admit (he id^ ot 9 fxj such action ; it 
was then thought that the power ot combmation indicated a 
polar diflerence of the moWnles in combination, and this 
thought set aside all idea of the substitution of one component 
element by another. 

Thanks to the observations and experiments of Dumas and 
Laurent fifty years ago, such fallacies were dispelled, and in this 
manner this same principle of substitution wa^ exhibited. 
Chlorine and bromine, acting on many hydrogen compounds, 
occupy immediately the place of their h^rogen, and the dis- 
placed hydre^en, with another atom of chlorine or bromine, 
forms hydrochloric acid or bromide of hydrOgen. This takes 
place in all typical hydrogen compounds. Thus chlorine acts 
on this principle on gaseous hydrogen— ‘reaction, under the influ- 
ence of light, resulting in the formation of hydrochloric acid. 
Chlorine, acting on the alkalies, constituted similarly to water, 
and even on water itself— only, however, under the influence of 
light, and only partially because of the instability of IICIO — 
forms, by this principle, bleaching salts, which are the same as 
the alkalies, but with their hydri^en replaced by chlorine. I n 
ammonia and in methane, chlorine can also replace the 
hydrogen. From ammonia is formed in this manner the so- 
called chloride of nitrogen, NCli, which decomposes very 
readily with violent explmion on account of the evoWed gases, 
and falls asunder as chlorine and nitrogen. Out of marsh gas, 
or methane, CH4, may be obtained consecutively, by this 
method, every possible substitution, of which chloroform, 
CHClj, is the best known, and chloro-carbonic acid, CCI4, the 
most instructive. But by virtue of the fact that chlorine and 
bromine act in the manner shown on the simplest typical 
hydrogen compounds, their action on the more complicated 
ones may be assumed to be the same. This can be easily 
demonstrated. The Iwdrogen of benzole, CgH^, reacts feebly 
under the influence of light 00 liquid bromine, but Oustavson 
has shown that the addition of the smallest quantity of metallic 
aluminium causes energetic action, and the evuUnion of large 
volumes of bromide of oydrogen. 

If we pass on to the second typical hydrogen compound— that 
is to ^y, water-— its molecule, HOH, may be split up in two 
ways iJ^her into an atom of hydrogen and a molecule of oxide 
of HO, or into oxygen, O, and two atoms <( 

hyd^en, H ; and therefore, according to the principle of sub- 
stltution, it is evident that one atom of hydrogen can exchange 
with oxide of hydrogen, HO, and two atoms of hydrogen, H, 
with one atom of oxygefl> 0- 

Both those forms of substitution will constitute methods 01 
oxidation^tbat is to say, of the entrance of oxygen into the 
compound— a reaction Which U so common in Nature as welf as 
in the arts, taking place at the expense of the oxygen of the air 
or by the aid of various oxidising substances or bodies which 
pan eiuily with their oxygen. There is no occasion to reclO»n 
up the umimSted number of cases of such oxidising reac^iorps. ' 
It is suffieiiint to state that, in the fint of these, oxygen Is 
directly transferred, oOd the position, the Chemical fuSmion, 
which hydrogen or^nally octupiod is, aM the subtlttution, 
occupied by the hydroKyl. Thus amtaoniar NH,, yfoWs 
hydroxylamme, NH[«(OH), a substance whMt retains many of 
the prt^nies of ammonia, . w 

Methane and a hutnher of other hydfocarbfons yield, by ahbr 
stittttfon of the hydijgen by its oxide, methyli<v 
and other afocMs, The substitution of Atom pt ogygfe^w 
, two atoms of is eqiml^ bqmmou with hydre^ 

poifods, H^y tnii mduus mcchdUc VB^s 
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or ifirfitt of wine, C9H|(OHK are oaidized till they 
iioegar ;or acetio acid, C«HyO(OH). In the Mune way 
ootm. or the combination of ammonia with water, 

NH4(OH)^ whibh contains a great deal of hydro* 
geo, hy: dmation exchanges four atoms of hydrogen for two 
atdma of Oxj^&t ahd Incomes converted into nitric acid, 
N0|(Dil)* ^it process of conversion of ammonia salts into 
saltpMce goet oh in the fields every summer, and with especial 
rapidity Ttt teopical countries. The method by which this is 
accomplished, though complex, though involving the agency of 
all^permeating micro-organisms, is, in substance, the same as 
that by which alcohol is converted into acetic acid, or glycol, 
C|HA(DH)t into oxalic acid, if we view the process of oxidation 
in the light of the Newtonian principle^. 

But .while sj^eaking of the application of the principle of 
substitution to water, tve need not multiply instances, but must 
turn our attention to two special circumstances which are closely 
connected with the very gii^hanism of substitutions* 

In the first place, the replacement of two atoms of hydrogen 
by one atom of oaygen may take place in two ways, because the 
hydrogen molecule is composed of two atoms, and therefore, 
under the influence of oxygen, the molecule forming water may 
separate before the oxygen has time to take its place. It Is for j 
this reason that we find^, during the conversion of alcohol into 
acetic acid, that there is an interval during which in formed 
aldehyde, C3H4O, which, as Us very name implies, U alcohol 
dehydrogenatum,*’ or alcohol deprived of hydrogen. Hence 
aldrayde combined with hydrogen yields alcohol, and, united to 
oxygen, acetic acid. 

For the same reason there should be, and there actually are, fn* 
termediate products between ammonia and nitric acid, NOf( HO), 
containing either less hydrogen than ammonia, less oxygen than 
nitric acid, or less water t^n caustic ammonia* Accordingly 
we find, among the products of the de*oxidization of nitric acid 
and the oxidization of ammonia, not only hydroxyl amine, but 
also nitrous oxide, nitrous and nitric anhydrides. Thus, the 
production of nitrous acid results from the removal of two atoms 
of hydrogen from caustic ammonia and the substitution of the , 
oxy^n for the hydrogen, NO(OH) ; or by the substitution, in ! 
ammonia, of three atoms of hydrogen hy hydroxyl, N(OH)j, 
and by the removal of water; N(OH)a — ttjO = NO(OHj. 
The peculiarities and properties of nitrous acid, as, for instance, 
its action on ammonia and iU conversion, by oxidation, into 
nitric acid, are thus clearly revealed* 

On the other hand, in speaking of the principle of substitution 
as applied to water, it is necessary to observe that hydrogen and 
hydroxyl, H and OH, are not only competent to unite, but aUo 
to fopn combinations with themselves, and thus become and 
H{[ 0 | ; end such are hydrogen and the peroxide thereof. In gene- 
ral, if a molecule AB exists, then molecules A A and BB can exist 
also. A direct reaction of this kind does not, however, take 
place in water, therefore undoubtedly, at the moment of forma- 
tion hydrogen reacts on the peroxide of hydrogen, as we can 
show at once by experiment ; and further, bmuse the iieroxide 
of hydrogen, HgOg, eidubits a structure containing a molecule 
of hydrogen, Hj^ and one of oxygen, either of which is 
capable of separate existence* The fact, however, may ^ow be 
taken as thoroughly established, that, at the moment -if com-'^ 
bustion of hydrogen or of the. hydrogen compounds, petoiide of 
hydrogen is always formed, and not only so, but in all prob- 
ability its formation invariably peeuedes the formation of water* 
This was to be expected as a consequence of the law of Avo- 
gadfo and Gcrhardt, which leads tu to expect this sequence in 
the case of equal Interactions of volumes of vapours and gases ; 
and in the peroxide of hydrogen we actually have such equal 
volumes of the elemehtaiy gases. 

The instability of peroxide of hydrogen — that is to say, the 
case with which It decomposes Into water and Oxygen, even at 
the mere contact of potpUs bOdimK^aocountsfor the circumstance 
that it does not form a permanent product of combustion, and is 
not produced duviM the deoompo^lon of water. I may men- 
tion this additiopiroonsadomtlon that, with letfpect to the per- 
oxide pf hudfogpj^hre may Ipok for its ejecting etill forther 
subeiitatijm oThydlbgen by mmMw Of whleh we may expect to 
obtain still more hli^y oaidised wate^ebmpounds. such as 
lfsQ4> ThM Sehhnbein and Bhwh have long been 
sedtfog, and Betthelol w iiiveeMliei^hg 'mem It 

iffpmWbK however^ t W ihe tnectfon thp 

Iweju^ find thst in a imfobeit of esses the addition 
m oxygen seeuu fo Ibm 4 llmlU tlms, O1O4, 


KCIO4, KMn04, K^S04, NagPOi, and such like, represent the 
highest grades of oxidation.' 

As for the last forty years, from the times of Berzelius, pumas, 
Liebig, Oerhardt, Williamson, Fraiikland, Kolbe, Kekuhl, and 
Butlerow, most theoretical generalizations have centred round 
organic or carbon compounds, so we will, for the sake of brevity, 
leave out the discussion of ammonia derivatives, notwithstanding 
their simplicity in respect to the doctrine of substitutions ; wc 
will dwelt more especially on its application to carbon com- 
pounds, starting from methane, CH4, as the simplest of the 
hydrocarbons, containing in its molecule one atom of carbon. 
According to the principles enumerated, we may derive from 
CH4 every combination of the form CHjX, CH^Xl, CHXg, and 
CX4, in which X is an element, or radical, equivalent to hydro- 
gen — that is to say, competent to take its place or to combine 
with it. Such are the chlorine substitutes mentioned already, 
such is wood-spirit, CHjtOH), in which X is represented by toe 
residue of water, and such are numerous other carbon deriva- 
tives. If we continue, with the aid of hydroxyl, further substi- 
tutions of the hydrogen of methane, we shall obtain successively 
CHg(OH)j, CH(OH),, and C(OH)4. But if, in proceeding thus, 
we bear in mind that CHJOH)^ contains two hydroxyls in the 
same form as peroxide of hydre^en, HgOy or (OHIg, contains 
them^and, moreover, not only in one molecule, but together, 
attached to one and the same atom of carbon— so here we must 
look for the same decomposition os that which we find in perox- 
ide of hydrogen, and accompanied also by the formation of water 
as an independently existing molecule; therefore CHg{OH)g 
should yield, as it actually does, immediately water and the 
oxide of methylene, CHgO, which is methane with oxygen 
substitutid for two atoms of hydrogen. Exactly in the same 
manner out of CH(OH)g are fonmS water and formic acid, 
ClIOiOH), and out of C(OH)4 is produced water and carbonic 
acid, or directly carbonic anhydride, COj, which will therefor** 
be nothing else than methane with the double replacement of 
pairs of hydrogen by oxygen. As nothing leads to tlie supposi- 
tion that the four atoms of hydrogen in methane differ one from 
the other, so it does not matter by what means we obtsin any 
one of the combinations indicated— they will be identical ; that 
is to say, there will be no case of actual isomerism, although 
there may easily be such coses of isomerism as have been 
distinguished by the term metamerism* 

Formic acid, for example, has two atoms of hydrogen, one 
attached to the carbon left from the methane, and the other 
attached to the oxygen which haa entered in the form of 
hydroxyl, and if one of them be replaced by some substance, 
X, it is evident that we shall obtain bodies of the same com- 
position, but of different construction, or of dffferent orders of 
movement among the molecules, and therefore endowed with 
other properties and reactionsi If X be methyl, CHj — that is 
to say, a group capable of replacing hydrogen because it is 
actually contained with hydrogen in methane itself — then by 
substituting this groim for the original hydrogen, we obtain 
acetic aci^ CCH30(0H), out of formic» and by substitution of 
the hydrogen in its oxide or hydroxyl, we obtain methyl for- 
miatc, CHO(OCHj}. These bodies differ so much from each 
other physically and chemically that, at first sight, it is hardly 
possible to admit that they contain the same atoms in identically 
the same proportions. Acetic acid, for example, boils nt a 
higher tempcralure than water, and has a higher specific gravity 
than it, while its nielamer, formo-methylic ether, is lighter than 
water, and bmis at 30®— that is to say, it evaporates very easily. 

Let us now turn to carbon cjmpounds containing two atoms 


* Bscrum more than four atoms of hydrogon never untie with one atom nf 
the elements, and bwmuse the hydrogen compounds (tf^. HCi, HgS, 

H 4 Si> always form their highest oxides with four atoms of oxygen, and as 
the highest forms of oxides (OSO 4 RO 4 ) *ho contain font of oxygen, and 
’ ■ - of the Mriodic system, correipondiiiK to the highest basic 


_ Jff. *.». w*#, f*tfu nut Vt t 1«», .. t ~ 

Sn* and Pt or F. Cl, Br, and J, and so forih-^not more than four are 
fcmwn, it seems to me that in these relatfooships then lies a deep intere^ 
and BUtaning with mgard to chemical mechanics. But because, tp my ima- 
gijmtlon, the Idea of unity of deslgh in Nature* either acting m complex 
celestial systems or among chemkaTmolecules, u very aur^tve, eapecmlly 
becaupb the atotidc teaching at once acquires its true meanmg, I, wll recall 
the jQIowlog fact* relating to the s^ar system. There m eight or 
plaaetm of ^dh the fot^mier ones an not otUy separated epm the four 
outer by astowWii* but dKter ftom them in may respects, as, for example, 

* . ...J *1.^ depidty. ^tumwith 

esfh four. It is evl- 

, J higher numbers, four 

adreighV^^te^apP^in ffu Goml^ of chemtoal molecutes. 
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of cacboo to the molecule, as io ftceiic acid^ and proceed to, 
evolve them from methane by the principle of iiab$titution. 
This principle dedarea at once that methane can only be split 
up in the four following ways 

( t) Into a grodp C equivalent with H. us call j^hanges 
of this nature methyUtlon. 

(2) Into a group CH, ami Hj. We will call this order of, 
substitutions methylenation. 

Into CH and which com nutations we will call acetyl- 
enation. 

(4) Into C and H4, which may be called carbonuation. 

It is evident that hydrocarl;^n compounds containing two 
atoms of carbon can only proceed from methane, CK*, which 
contains four atoms of hydrogen by the first three methods of 
aubslitutiop t carbonizing would yield free carbon if it could 
take place directly, and if the molecule of free carbon — which 
is in reality very complcc, ihit is to say* strongly polyatomic* 
as I have long since been proving by various means — could 
contain only like the molecules H,. Nj, and so on. 

By methylation, we should evidouily obtain from marsh gas* 
ethane, C(f»ClH8 ^ Cjfig, 

By methylenation* that is* by substituting group CH^ for 
methane forms ethylene* GHjCU^ = 

By acctylcnation, that is, by substituting three atom^ of hy- 
drogen, Ha, in methane, by the remnant CH, we get acetylene 
CHOU = CjH,. 

If we have applied the principles of Newton correctly, there 
should not tc any other hydrocarbons containing two atoms of 
carbon in the molecule. All these combinations have long been 
Ttnown, and in each of them we can not only produce tho^e sub- 
stitutions of which an example has been given in the case of 
methane, but also all the ph.-ises of other substitutions, as we 
shall And from a f^w more instances, by the aid of which I trnst 
. that I shall be able to show the great compleitity of those deriva- 
tives* which, on, the principle of substitution, can be obtained 
from each hydrocarbon. Let us content ourselves with the case 
of ethane^ CH^CH., and the substitution of the hydrogen by 
hydroxyl. The following are the possible change-i : — 

(1) CH8CHj((pH) i this is nothing more than spirit of wine, 
-or ethyl alcohol, CjHfl(OH), or C^HflO. 

(2) CH8<OH)C,Ha(OH) : this is the glycol of Wurtz, which 
has shed so much l^ht on the history of alcohol. Its isomer, 
may be ClIgCHfQjl),, but as we have seen in the ca-e of 

it decomposes, giving off water, and forming alde- 
hyde, CH3CHO, a body capable of yielding alcohol by uniting 
with hydrogen and of yielding acetic acid by uniting with 
oxygen. 

itglycol CH.(0H)CH8(0H) loses its water, it may be seen at 
once that it will not now yield aldehyde, CH.CHO, but Its 
rH GH ■ 

isomer, h ihe oxide of ethylene. I have here indicated 

in a special manner the oxygen which has taken the place of two 
atoms of the hydrogen of ethane taken from different atouia of 
the carbon. 

(3) CILC(OH)j dec imposed os CH^OHlg, forming water and 
acetic acid, OilsCO{OH). It is evidentthai this acid is nothing 
■else than formic acid, CHO(QH), with Us hydrogen repiaeedby 
methyl. Without examining further the vast number of possible 
derivatives, I will direct your attention to the circumstance that 
in dissolving acetic acid in water we oldain the maximum 
-contraction, and the greatest viscosity when to the molecule 
CHbCOIOH) is added a molecule of water, whidi t* the pro- 
portion which would form the hydrate CH»C(Ori)8. It is 
probable that the doubling of the molecule of acetic acid at 
temperatures approaching its boiling*point has some comwetion 
with iWa power of uniting with oitc molecule of water. 

<4) CIP(OH)[C(OH)» IS evidentiy alcoholic acid, and inde^ 
thU compound* after losing water, answers to ghcoBe ac|d» 
CHj(OH)CO(OtI). Without investigating all the poasi^e iso^ 
mers* we will note only that the hydrate CH(OH)^H(OM), 
has the stune composition as CH,(OH)C(OH)3, and although 
correspoading to glyccd, and being a symmetrical substoAce* it 
becomes, cm patting with itvsater, aldehyde of oxalic acid» or 
the gtyoxal of Debus, CHOCHO^ 

($) C Ii(OH),C(OHa>t-froni the tendency of all the preocdl^^ 
core^ndi to glyoKyhc aeld, aldehyde acid, CHuCO(Otf>, 
became the group CO(Ofl), or catbsxjd, enters into the capipb-, 
Mtiont ofi^rgftnlc ackla, andthe group CHddednenBie aldehyde 
fanetton, 

Ct0n)jC(OHj|* tlurjuf^ the loss of aHA to 


bibasio owdic acid CO(OH)CO(OH), which generally orysUtoisea 
with sHtO, following thus the normal type of hydeatioo ohacnC^ 
teristic of eilMine. ^ 

Thus, by applyiutg^ihe princi]de of snbHitutioft, we can, ih 
the simplest rpannerToerive not only every kind of hydfociarbon 
comimiind, such os the alcohols, the aldehyde alc<^ls, aide* 
hydes, alcohol acids, and the acids, but also combinations 
analogous to hydrated crystals which usuaily are disregarded. 

Bi.t even th >se unsaturated substance*, of which cthylCtur, 
CHjCHj. and acetylene, CHCH, are types, may be evolved 
with equal simpticUy. With respect to to phenomena of iso- 
merism, there ore many possibiUties among the hydrocarbon 
compounds containing two atoms of carbon, and wiUlout going 
into details It will l^e sufheient to indicate that the following 
formulae, though not idemicol, will be isomeric substantially 
among themselves; CHjCHX, and CHaXCHkX, althot^h 
both Contain or CH^CX, and CHXCHX, although 

both contain if by X we indicate chlorine or gene- 

rally an element capable of replacing one atom of hydrogen, 
or capable of uniting with it. To isomerism of this kind belongs 
the case of aldehyde and the oxide of ethylene, to whiim 
we have already referred, L>eGause both have the composition 

What I have said appears to me sufheient to show that the 
principle of substitution ade(|uately explains the composition, 
the isomerism and ail the diversity of combination of the hydro- 
carbonp, and 1 shall limit the further develtn^ment of these views 
to preparing a complete Hat of every possible hydrocarbon com- 
pound containing three atoms of carbon in the molecule. There 
are eight in all, of which only five are known at present.^ 

Among tho-e possible for there should be two isomers, 
propylene and trim ethylene, and they are both already known. 
For C8H4 there should be three i omers t allylcne and allene 
arc known, hut the third has not yet been discovered ; and for 
CjHj there should be two isomers, though neither of them are 
known as yet. Their composition and structure is easily deduced 
from ethnne, ethylene, and acetylene, by meihylation, methyJen- 
ation, by acetylenation and by carbonization. 

(I) CjHg c. CHjCU^CHg nut of CH^CHg by methylation. 
This hydrocarbon is named propane. 

(а) CgHj ^ CHjCHCU^ out of CHiCH^ by methylenation. 
7 ’his substance is propylene. 

(3) = CHjCHjCHj out of CHjCH, by methylenation. 
This sulisiancc is trimethylene* 

(4) C8H4 = CHjCCH out of ClfaCHg by acetylenation or 
from CHCU by meihylation. This hydrocarbon is named 
aliylene. 

(5) CsH^^CHCH out of CH^CHj by acetylenation, or 

C Hij 

from CHjCHa by methylenation, because CHjCH »= CHCH. 

CH CHj 

Thi^ body is as yet unknown. 

(б) CgHj = CH,,CCHfl out of CHjCHj by methylenation. 
This hydrocarbon is named allene, or Iso-^lylene. 

l7) CgHa = CHCH out of CHaH, by symmetrical carbonisa- 
C 

tion, or .out of CHjCHj by acetylenation. This compound ia 

unknown; 

(8) C|tl| a CC out of CH^CHg by carbonisation, or oat of 
CHy 

CHCH by methytoatioft. Tlads compound is unknown; 
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If ^ bdyr in minil thxt for each h)rdr(>carbon aa a 

In ili« above iablea then are a nutnber of correepoadmg 
wivfriHtet, a&d that every compound obtained may, by further 
mraylatfon, methyle&atkm, acetylenatioe, and carbonizatioo, 
produce new hydrocarbona, and these may be followed by a 
nuOoerouf suite of derivatives and an immense number of i«o- 
merk bodies* it is possible to understand the lidiitlen number 
Of cafrboQ compounds, although they all have the one substance, 
methane, for their origin. The number of substances is so 
enormous, that it is no longer a question of enlarging tlie pos-^ 
iribiUties of discovery, but rather of 6nding some means of test* 
ing them, analogous to the Well-known two which for a long 
time have servetT as gauges for all carbon compounds* 

1 refer to the law of even numbers and to that of limits, the 
first enunciated by Gerhardt forty years ago, with respect to 
hydrocarbons — namely, that their molecules always contain an 
even number of atoms Of hydrogen. But by the method which 
1 have used of deriving ^1 ther hydrocarbons from methane, CH4, 
this law may be deduced a^ a direct consequence of the principle 
of substitutions. Accordingly, in methylation, CH^ takes the 
place of H, and therefore Cnj is added. In metbylcnation the 
number of atoms of hydrogen remains unchanged, and at each 
acetylenation it is reduced by two, and in carbonisation by four 
atoms — that is tossy, an even number of atoms of hydrr^n is 
always added or removed. And because the kndamental hydro- 
carbon, methane, CH^, contains an even number of atoms of 
hydrogen, therefore all its derivative hydrocarbons will also con- 
tain even numbers of hydrogen, and this constitutes tha law of 
even numbered parts. 

The principle of substitutions explains with equal simplicity the 
conception of litniting compositions of hydrocarbons, 
which 1 derived, in t86i,^ m an empirical manner from accumu- 
lated materials available at that time, and Os the basis of the 
limits to combinations worked out by Dr. Franklaod for other 
elements. 

Of all the various substitutions the highest proportion of 
hydrogen is yielded by methylation, because in that operation 
alone does the quantity of hydrogen increase ; therefore, taking 
methane as a point of departure, if we imagine methylation 
e^cted (»-i) times we obtain hydrocarbon compounds con- 
taining [the highest quantities of hydrogen. It is evident that 
thty will contain 

cm 4 + ( w — I ) or C,iH2h + 9, 


because methylation leads to the addition of CHj to the compound. 

It will thus be seen that by the principle of substitution — that 
is to say, by the third law of Newton — we are able to deduce, in 
the simplest manner, not only the individual composition, the 
BOmerism, and relations of substances, but also the general laws 
which govern their must complex combinations, without having 
recourse either to statical constructions, to the definition of 
atomicities, to the exclusion of free affinities, or to the recogni- 
tion of (hose single, dpuble, or treble ties which ore so indis- 
pensable to structurists in the explanation of the composition 
and construction of hydrocarbon compounds. And yet, by the 
application of. the dynamic principles of Newton, we can attain 
to that chief and fundamental object--the comprehension Of 
tsomarism in hydrocarbon compounds, and the forecasting of the 
existence of combinations as yet unknown, by which the edifice 
raised by structural teaching is strengthened and supported. 
Besides, and 1 count this for a drcumstance of special importance, 
the process which I advocate will make no difiereoce in those 
special oases which have been already so well worked out, such 
u, for example, the isomerkm of the hydroearboiu and alcohols, 
even t6 the extent of not interkring with the nomenclature 
aflnoh has been adopted, and the ttmcpinil system will retain all 
Mie glory ef having Wprlwd np, hk a thoroi^ly sckntific manner, 
the mm of infonmion whko G^hardt had accanwlated about 
the skhtdle of the fifUes, and the still higher irioiy of establishing 
the sadoaat synthesis of mganiesnbttaiiem* Nothing will be lost 
to the eaoept its atatimcliOrkib 1 and as soon 

asit WlU priaeifiMi of NewtpOt and aufier 

itself to be them^ I believe that we shall attain, for 

chmnistry, thit imlty df principJei which ia:|i0w ufanting. Many 
an «4kn» willbeaunlM^ that briUiah^ M «oter 

|wiaq^. the ku>, the tumemt morhl of |he kinetic 




relations of atoms, to the study of which ihe last tw^tyfive 
years have contributed so much labour and such high inventive 
faculties. 

Alembert found in mechanics, that if inertia be taken to 
represent force, dyamic equations may be applied to statical 
questions which are thereby rendered more simple and more 
easily understood. 

The structural doctrine In chemistry has unconsciously followed 
tlie same course, and therefore Us terms are easily adopted ; they 
may retain their present forms provided that a truly dynamical 
— that is to My, Newtonian — meaning be ascribed to them. 

Before finishing my task and demonstrating the possibility of 
adapting structural doctrines to the dynamics of Newton. 1 con- 
sider it indispensable to touch on one question which naturally 
arises, and which 1 have heard discussed more than once. If 
bromine, the atom ol which is eighty limes heavier than that of 
hydrogen, takes the place of hydrogen, it would seem that the 
whole system of dynamic equilibrium roust be destroyed. 

Without enteriim into the minute analysis of this question, I 
think it will be sumcient to examine it by the light of two well" 
known phenomena, one of which will be found in the department 
of chemistry, ami the other in that of celestial mechanics, and 
both will serve to demonstrate the existence of that unity in 
the plan of Creation, which is a consequence of the Newtonian 
doctrines. Experiments demonstrate that when a heavy element 
is substituted for a light one, in a chemical compound-— an atom 
of magnesium in the oxide of that metal, for example, for 
mercury, the atom of which is 81 , times heavier— the chief 
chemidii characteristics or properties are generally though not 
always preserved. 

The substitutioD of silver for hydrogen, than which it is 108 
times heavier, does not aiTect all the properties of the substance, 
though it does some. Therefore chemical substitutions of this 
kind, the substitution of light for heavy atoms, need not neces- 
sarily entail ebanges in the original equilibrium ; and this point 
is still further elucidated by tl^ consideration that the periodic 
law indicates the degree of mfiuence of an increment of weight 
in the atom as affecting the possible equilibria ; and also what 
degree of increase in the weight of the atoms reproduces some, 
though not all, the properties of the substance. 

This tendency to repetition, these periods, may be likened to 
those annual or diurnal periods with which we are bo familiar on 
the earth. Days and years follow each other ; but, as they do 
so, many things change ; and in like manner chemical evolutions, 
changes in the masses of the elements, peimit of much remaining 
undisturbed, though many properties undergo alteraiicn. The 
system is maintained according to the Jaws of conservation in 
Nature, but the motions are altered in consequence of the change 
of pa/ta 

Next, let us take an astronomical case, such for example os the 
earth and the moon, and let us imagine that the mass of the 
Utter is constantly increasing. The question is, what will then 
occur? The path of the moon in space is a wave-line similar to 
that which geometricians have named epicycloidaJ, or the locus 
of a point in a circle rolling round another circle. But in con- 
sequence of the influence of the moon, it is evident that the p^h 
of the earth itself cannot he a geometric ellipse, even supposing 
the tun to be immovably fixed ; it must be an cpi cycloidal curve, 
though not very far removed from the true eUipae, that is to say, 
it wlu be impressed with but faint undulations. It is only the 
common centre of gravity of the earth and the moon which 
desendbes a true ellipse round the sun. If the moon were to in- 
crease* the relative undulations of the earth's path would increase 
in ampHtude, those of the moon would also change, and when 
the inaai of tbe moon had increased to an equality with that of 
the earth, the path would consist of epicycloidal curves crossing 
each other* and having opposite phasea But a similar relation 
exists between the sun and the earth, because the former is also 
moving in speoe. We may apply these views to the world of 
atoms, and suppoae that, in their movements, when heavy ones 
take the place of those that are lighter, similar changes take 
l^ace provided that the system or the molecule is preserved 
throughout ibe change. 

It seems probable that in the heavenly systtcim, during incal- 
culable astronomical periods, changes have taken place and are 
still going on similar to thofce which pass rapidly before our eyes 
daring the chemkai reaction of molecules, and the progress of 
moteouiar meabanics may— we hope will— in course of lime, 
permit us to explain those changes in the siellar world which 
have ttio^ than once been noticed by Mtroiuxners, and which ai-e 
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now so carefully stucUedl. A coming Newtoa will discover the 
laws of these changes* Those law5, mhtn applied to chemist^, 
may exhibit pecuLiaritles, but these will certainly be mere varia- 
tions on the ffwd harmoniouB theme whidi reim in Nature. 
Ihe dUcovefywf the laws which produce lh» harmony in 
chemical evolutions will only be possible, it seems to me, under 
the banner of Newtonian dynamics which has so lon|r waved 
over the domains of mechanics, astronomy, and physics- In 
calling chemists to tahe their stand under its peveful and 
cathouc shadow, 1 imagine that 1 am aiding in establishing that 
scientific union which the manners of the Royal Institution wish 
to e^ct, who have shown their desire to do so by the flattering 
invitation which has given mc--« Hussian— the opportunity m 
laying before the countrymen of Newton an attempt to apply to 
chemistry one of his immortal principles. 


BABYLONIAN ASTRONOMY} 


IV. 

nightly motion of the stars from east to west appears to 

^ have been the only one known to the Babylonian astro- 
nomers. The inclination of the equator on the ecliptic brought, 
however, a few of the austral stars over the horizon at certain 
times of the year for a short period, and in a few cases, as In that 
of the star Sukutiu (Sirius), these stars were used to determine 
certain periods or festivals. The complicated motion of the 
planets never was known to them, and the planets were accord- 
ingly regarded as evil spirits which disturbed the harinony of 
Nature. A similar view is taken in the Zend-AveStS. After a 
cosmical year of 360,000 ordinary years, the series of heavenly and 
consequently terrestrial events was to begin agiun. 

Whue the Semitic religion bad emerged ffom tribal monotheism, 
the Akkadians followed a sect professing Mazdelsm^that is, a 
religion admitting two principles, one goc^ and one bad ; but they 
thought that, as the good gods would not hurt them, it was 
wise to pr^itlate the bad ones, and propitiation easily led to 
wmahip. That is how the seven planets, the disturbers of 
heavenly harmony, became their chief deities. For the same 
reason all disturbing causes, apparent or real, were subjects of 
their special attention, pestilence, thunder, comets, &c. Eclipses 
(which they could not predict) were at first also of bad omen, 
but by a curious reversion they became happy signs. 

The ignorance of the Bobylonians with regard to astronomy 
might have been gathered from the statements of classical 
authors, if they bad r»een examined with an unprejudiced mind, 
Diodorus SiouJus says positively that their notions about astro- 
nomy, fixed at an eafly date, never changed, and that they could 
not predict the solar eclipses. We also know from a fragment 
of Berostfs, preserved by Vitruvius, that the Babylonians believed 
the moon to be a gloM half incandescent and half dark, the 
lunar phases and eclipses being produced by its own motion. 
The errors and contradictions o? the Greek and Latin authors, 
which misled us also, came from the fact that they borrowed 
their information from the Alexandrian astronomers, who, 
they thought, derived their science from Babylon. This was 
true, indeed, but only to a very small extent, as we shall see. 

When, after the conquest of Alexander, the Greeks estab- 
lished themselves in Babylon, they imported with them all tbeir 
scientific knowledge. The Babylonians, who had to learn Greek, 
soon discovered the accuracy of their new masters in science, 
and, exactly at did (he Chinese astronomers after the settlement 
of the Jesuits in China, adopted the discoveries of the West. 

This is put beyond doubt by the tablets of this period, 
the Bdeocidiian, which give tables of the motions of the moon 
mid planets, and mention solar and lunar eclipses Without 
any omens. The Seleuddian astronomers, wishing to use 
the older observations, made search for old records 1^ tabu- 
lated them i these tablets are of the highest interest from the 
mstronomicat pdnt of view* The British Museum pouesses, for 
instance, a tablet, written looyeip:^ D.c., giving the list of nine- 
teen lunar cycles of e^teen^rears-^that is, a table combfniiy the 
Metonic cycle with the This sar&f^ or cycle of thefhnar 

eclipses, must have been dWcovered after the setltement of the 
Greeks; it was catted the ^'klng" (At^ln Babylonian, hence 
t0r0s in Greek) just as the Mebmic cycle was ceUm f*>gdldem" 

The first care ol these astron^ted innovators was, no doubt, 

} Ahstraefc of ihs finirth lectuih by Nr. a Berdn at the firttbii 

Muieum. Coatbud fttm p. aSs« 


to reform rile very defisctivecslendar of former times. Tlteydso 
divided the ecUptic Into twelve parts, ooitesponding to the 
and Chose twdve cundform si^s to represent in their tabled the 
twelve sodiacal consjtdlation** They then devised the Ormeo- 
Babylonian calendar, whence was derived the Jewish one of the 
time of the MaceabM 

This reform wes not made, however, without causing a cer^ 
tain confusion m the star nomenclature, and even in the edendar 
itself $ for, as the older Babylonians used to connect the various 
parts of the year with the stars or constellations according to 
their acronic rising, there was a certain hesitation in the choice 
made by the nefof^exs. Probably this was what caused the 
parallel use of tbo calendars, one b^ioning with Nisan and the 
other with Tisrtt. This hesitation has also left traces in the signs 
chosen to des^ate the zodiacal constellations ; for instance, the 
sign representing the month Tisrit in older Bat^lonian was used 
to represent the constellation connected with the month Nisan. 

It was from ^this new focus of astronomical science that the 
Alexandrian astronomeia borrowed much of their information 
Unfortunately, the old Babylonian superstitions had a most 
injurious influence on the rising Alexandrian astronomy. Jewish, 
Syrian, and Babylonian emigrants, fleeing from the Seleuddian 
tyranny, flocked to Egypt, bringing with them their superstitions 
and love for allegories. The Alexandrian astronomers accepted 
with the Biabylonian nomenclature all the ideas of influences 
attributed to planets and stars, and, being able to predict con- 
junctions, tried to predict events supposed to be due to star 
influences Astrology was then born, for astrology, it mu$t be 
remembered, requires an accurate knowledge of the motions of 
stars and planets. 

, In conclusion, It may be said that we owe very little to the old 
Babylonian astrotmmers, and if the astronomical work of Beroaus 
hud been preserved, it would have given no scientific information, 
but only long li^ of omens drawn from the rising and oonj unc- 
tions of starti and planets, and also from their emour and other 
accidental aspects. The loss of such a work is not much to be 
regretted. 
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r/f£ THREE CRUISES OF THE ••RLARE/ 

Th^ Three Cruises of ike Blake}' Two Vols. By 
Alexander Agassiz. Bulletin of the Museum of Com- 
parath>e Zoology <U Harvard College^ VoU. XIV. and 
XV., Cambridge, Mass. (Boston and New York: 
Houghton, Mifflin, and Co., iSSS.) 

I N these profusely illustrated volumes there is presented 
to the general reading public the best and most com* 
prehen si ve account of recent oceanographical investiga* 
tions and speculations that has as yet been attempted. 
These volumes have, moreover, a special value for all 
who interest themselves in deep-sea researches, from the 
descriptions that are given of the work carried on with so 
much ability and industry by Mr. Agassiz and his fellow- 
countrymen on the eastern and southern sea- boards of 
the United States and in the West Indian seas. The 
volumes abound with novel and ingenious views bearing 
on nearly all the physical and biological phenomena of 
the ocean ; and, whether we agree with the writer or not, 
his opinions are none the less welcome and suggestive, 
coming as they do from one ^ho has for many years 
taken a large part in the practical work connected with 
the observations which he here undertakes to describe 
and discuss. It does not seem possible to over-estimate 
the credit due to the Government and the men who 
initiated and have carried through this excellent and ex- 
tensive hydrographical survey of the deeper waters sur- 
rounding the eastern shores of North America, nor to 
value too highly the resulting additions to human know- 
ledge. These positive additions to our knowledge of the 
ocean will be fully acknowledged and appreciated by all 
who desire to trace the causes that have led to the deve- 
lopment of the surface features of the earth and the | 
existing conditions of life on our globe. 

After an attentive reading of the twenty-three chapters 
into which this publication is divided, it is possible to 
point out some errors ; but slips cannot be avoided in a 
work dealing with such a wide range of subjects. It is 
difHcult to follow the author in all his speculations, or to 
agree with him in all the deductions drawn from his 
excellent and extensive observations, but such agreement 
was in no way to be expected in these wide tields of re- 
search. Almost all the writ^^s and opinions of previous 
and contemporaneous workers are in some way noticed, 
and discuss^ in an appreciative spirit, Mr. Agassiz is 
in every respect to be congtiiluinted on the completion of 
this praisewonhy conti^butibn to the growing science of 
oceanography. So many subjects are presented for dis- 
cussion and that the reviewin' is at e loss to know 

which may most advantage be touched upon within 
the limits oC a short notice. . An .attempt may at al! 
events be to point^td of the work, 
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results of the dredgings. By arrangement the specimens 
were as far as possible sent to the same specialists as 
were engaged in describing the Challenger collections. 

The first chapter deals with the equipment of the ship, 
which has already been made known through Captain 
Sigsbee’s publication. Mr. Agassiz, from his engineering 
training in the copper mines of the West, was able to 
render very valuable assistance in modifying the apparatus 
for deep-sea work. To him we owe the introduction of 
wire dredging rope, improvements in the trawl, tow net, 
and other apparatus. The use of tangles on rocky 
ground was very successful, as it was when used in similar 
places by the Challenger, The tow-net for intermediate 
depths is ingenious, but the experiments with it are in no 
way sufficient to prove that no living animals arc to be 
found at intermediate depths, as is sometimes asserted. 
The Challenger experiments clearly showed that when 
tow-nets were dragged for considerable distances at depths 
of 1000 and 500 fathoms, they always contained animals 
(Cballengerid^e and other Radiolarians and fishes, lS:c.) 
never taken in the nets dragged down to loo fathoms 
from the surface. While the great development of life in 
the bbean is in the surface and sub-surface waters, where 
AIgse abound, and at and near the bottom, where the 
organic matters are settling on the mud or ooze, yet it 
appears to me that the Challenger has also shown that 
there is no intermediate lifeless region. 

A short chapter gives a fair and impartial historical sketch 
of deep-sea work, with special reference to the work off the 
American coast ; and a longer chapter gives a very complete 
account of the origin, development, and present condition 
of the Florida reefs — the most thorough account of a 
series of coral reefs to be found in the literature of the 
subject. Mr. Agassiz successfully explains the pheno- 
mena without calling in subsidence, indeed, he found 
Mr. Darwin’s theory quite inapplicable. He rightly 
places stress on the vigorous growth of the reefs in all 
situations where they are bathed by currents coming 
directly from the ocean, and traces this vigorous growth 
to the abundant pelagic food brought to the reef-form- 
ing corals by these oceanic currents. He also dwells 
on the formation of submarine banks by the dead 
shells of these pelagic and other marine organisms. 
Speaking of the Pacific, he says : “It is difficult to 
account for the great depth of some of the lagoons™ 40 
fathoms — on any other theory than that of subsidence.” 
It appears to me that these depths arc only found in 
very extensive atolls and barrier reefs, and that marine 
animals, other than the ordinary reef-building species, 
can build up submerged banks from much greater depths 
than 40 fathoms. Buchanan, on such a bank in the 
Atlantic, found Lopkohelia prolifer a growing in large 
quantities, together with Polyzoa, Crinoids, and other 
lime-secreting organisms. Besides, in the central parts 
of the lagoon of completely formed atolU, like CoUo- 
mandu or Suadiva atolls, the solution of lime by the 
sea- water probably exceeds in quantity that secreted by 
organisms, and this process would of itself result in a 
deepening of the lagoon. 

The topography of the Caribbean Sea, Gulf of Mexico^ 
and eastern coasts • of North America are illustrated by 
the admirable hydrographic charts of the Coast Survey, 
With a thorough knowledge of the various basins, their 

R 



362 


NATURE 


[August 15, i88<j 


^pths, Currents, passs^d^ and contour lines, Mr. Agassiz 
is well qualified to enter on a discussion of the relations 
of the America!^ and West Indian fauna and flora, which 
he does in a m6&t suggestive and instructive chapter, 
tic says 

The deep soundings south of Cuba, between that 
island and Yucatan and Jamaica, do not lend much sup- 
port to the theory of an Antillean continent as mapped 
t»ut by Wallace, nor is it j^robable that this continent had 
a much greater extensibh in former times than now, judg- 
ing from the depths found on both sides of the West 
Indian Islands. This would tend to prove the want of 
close connection between the West Indian Islands and 
the adjoining continent. It leads us to look for the origin 
of the fauna and flora of those islands to causes similar 
to those which have acted upon oceanic islands. The 
proximity of these islands to a great continent has, 
moreover, intensified tlie efficiency of tlicse causes." 

Since the return of the Ckallen^eTy the existence of 
Tertiary continents in the Atlantic, Indian, and I^acific 
Oceans does not appear to have been seriously advocated. 
I'hese views have been generally replaced by 
looks upon the continents and ocean basins 
positions of great permanence on the surface of 4i£|p|ifcH 
Mr. Agassiz adopts this latter view, and illustrateii by 
special reference to the geological structure of the Ame- 
.rican Continent and its adjoining oceans. In discussing 
this matter, he expresses the opinion that the Blake 
Plateau " was once within the loo-fathom line, and that 
it has been cut away to its present depth of 500 or 600 
fathoms “ by the action of the Gulf Stream acting upon 
the * Blake Plateau’ from a geological time which we 
can trace with a certain degree of accuracy." This is a 
most important conclusion, but 1 cannot think it will be 
accepted till more evidence of the action of oceanic 
currents at these depths can be produced. The deposits 
1 have examined frwri the bed of the Gulf Stream are 
principally composed of the shells of pelagic Foramini- 
fera, Pteropods, and other organisms living in the present 
seas of the r^ion, together with m uefi glauconite and many 
phosphatic concretions. These would lead one to think 
iliat the bed of the Gulf Stream was now growing upwards 
by these accumulations, rather than being washed away. 

All the new and valuable observations on the tem- 
peratures of the West Indian seas and on the Gulf 
Stream are presented to the reader with a wealth of 
illustration in the way of diagrams and maps that leaves 
little to be desii^, and fhe chapters on these subjects 
give to the physi&l geographer many much-needed data. 

Mn Agassir has long been known to the iicientific 
world for his special researches on the pelagic animals 
of the eastern North American coasts, conducted chiefly 
at hlewport since 1866^ It was therefore to be expected 
that his observations in this direction would be attractive 
and important Nearly all the principal organisms met 
with in the tow-nets are illustrated in the long chapter 
devoted to this subject| and thO naturalist will here find 
much new matter and many noyol views concerning the 
origin of this fauna. He says 

^ !t seems most natural to look upon the pelagic fauna J 
of UHiay and that of former geolo^cal peripds as made I 
up embryonic types retnovea from the inAuonces i 
hetessary for their fuU development, evbn after a time ] 
iri^roduifng as other larval fbrins dre nbw 

capable of doing. But to consider that the littoral forms ^ 


were developed ftomiwlagic types, as has been suggested 
by Moseley, does not seem to be warranted by the 
embryological history of marine invertebrates/* 

The chapters on marine formations, deep-sea deposits 
and deep-sea fauna contain the latest information and 
views as to their origin, and the first volume is concluded 
with a chapter on the physiology of deep sea life’, deahng 
with the gases in sea-water, the effects of pressure and 
temperature, phosphorescence, effects of the absence of 
sunlight, colours of deep-sea animals, source of their 
food, and other kindred relations. 

It is now recognized that the inhabitants of the abysmal 
regions differ more from the shore species than they do 
from one another. Perhaps the most striking character- 
istic of deep-sea species is that they Jive in a region 
where there is no plant-life, and that their food consists 
primarily of the dead remains that fall to the bottom 
from the surface. All these animals, therefore, either live 
by eating the mud or ooze of the bottom, or by devouring 
each other. It appears to me probable that these deep- 
sea animals are derived from the shore ones, son^e species- 
descending into these deep regions and establishing a 
home there at each geological period, while the forms 
from which they were derived have died out in the shal- 
lower waters. 

This and all similar questions Mr. Agassiz discusses in 
his second volume, where he deals specially with the 
West Indian fauna of the deep sea. He writes : — 

“ We may safely assume that but little will hereafter 
be added to our notions of the association of the sponges, 
polyps, corals, cchinoderms, Crustacea, and mollusks, 
comprising the West Indian deep* sea fauna, and making 
it in certain groups by far the richest in the world. The 
number of new forms from the West Indian region con- 
stitutes such a vast addition to our knowledge of the 
principal classes of invertebrates of that fauna as ta 
revolutionize our ideas of geographical as well as of 
bathymetrical distribution. No other region of the 
ocean has yielded so abundant a harvest." 

1 should think that in proportion to the number of 
dredgings, the regions in the Southern Ocean investi- 
gated by the Challenger, or off the north of Scotland 
worked over by the Percupine and Triton, might be held 
to be quite as rich As those of the West Indian Islands. 
U is to be hoped taat this will be shown before long 
by an expedition thoroughly equipped for examining the 
deep waters around Britain. 

In a series of nine chapes in his second volume Mn 
Agassiz attempts for the 'Itst time to give a general 
account of the deep-sea fauna In the areas explored by the 
Blake, commencing with thp fishes, and ending with the 
Protozoa. In thi9 he has bwh remarkablj^ successful by 
the help of numetou$'illustVatioA& For details the reader 
must be referred to the volumes themselv^v which will be 
widely consulted, and will well repay give them 

attentive study, ^ Murray. 

— ^ r . i k .,., . 1 ^ 
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for their motto “We must go back to,' while in 
E^l^nd the able commentaries of Prof. Caitrd and Prof. 
Watson have been succeeded by the studies of Dr. 
Hutchinson Stirling, Prof. Max Mil Her, and Dr. MahafFy. 
The oid translation of Mr. Meiklejohn still holds its own, 
though Mr. Belfort Bax and others have tried their 
hands on Kant, and made many improvements in detail, 
ft is clear that the famous “ Kritik of Pure Reason is 
still regarded as a necessary element in all philosophic 
education, and as likely to continue longer in fashion 
chan the more brilliant but less solid speculations of Scho- 
penhauer and Von Hartmann, as well as of the more 
legitimate descendants of the Kdnigsberg school. 

There are certain well-known difficulties in Kant’s 
philosophy to which the reader naturally turns when he 
has in his hands a new commentary on the “ Kritik." Is 
any fresh light thrown on the schematism of the cate- 
gories, or on the number and derivation of the categories 
themselves ? Are we enabled to understand better the 
precise value of the principle of causation, or the prin- 
ciple of the permanence of substance ? Above all, shall 
we be satished to accept the second and first editions of the 
Kritik" as alike containing the true gospel of Kantianism, 
or are we to be left to suppose that there is a serious di- 
vergence between the earlier and later edition, especially 
in reference to idealism and the refutation of Berkeley? 
These are a few salient points out of many others on 
which we look for guidance to some fresh commentator. 
In the case of one of these, we have for some time been 
aware of Dr, Mahaffy’s opinion. We know that in his 
early version of Kuno Fischer’s “ Commentary " he was 
dissatisfied with that philosopher’s treatment of Kant on 
the subject of idealism. Dr. Mahaffy returns to the 
charge in the present edition (in which he has the 
collaboration of Mr. Bernard), perhaps in some measure 
stirred to resume the controversy by the discovery that 
Kuno Fischer in his recent “Critique of Kant’’ (i88;i) 
had not found reason to alter his original views. As the 
point is an important one, and as Dr. Mahaffy would 
probably himself select its treatment as the piost cha- 
racteristic contribution which his new edition ’has to 
Oder to the better comprehension of Kant, we shall 
attempt as briefiy as possible to lay the question at issue 
before our readers, 

It was Schopenhauer who decisively stigmatized the 
second edition of the “ Kritik" as inferior to its predecessor. 
Kant, he declared, had beco^ alarmed at the idealistic 
i^ncluslons which had beed ^lrawn from his principles, 
.and proceeded tO mutilate the earlier version of his 
doctrines by suppression of jmme passages, and alteration 
others. Tljtere was one paragraph especially, inserted 
ihto the deducrion of ibe categories, stated in the 
explicit tfluurns. that the matter “ ctf our intuitions is 
derived front «#burce indepexui^iit of the understanding ; 
Jimd there wa^ the con^parativeliy lottg excursus intro- 
duced under ^e headlin^of of Idealism," 

which expresshf to reassure those who 

ha^th^en ^ ppstdon of Berkeley. 

Kant/ in the 

of had f^mpromised with the Realists, 

: i|hid that thh wSiwid in eonseduemse, was bjt no 

so and wnsWtdnt an ex^^Ositioii irf 
" ' 'one as tite ona' it ?ras 


It is this opinion '{which others besides ‘Schopenhauer 
have entertained) which Dr. Mahaffy sets himself to 
oppose. He draws attention, in the first place, to Kant’s 
own words in his preface, which contain the most un- 
qualified statement of the practical identity of the two 
editions. “ In the positions themselves,” says Kant, “ and 
in the grounds of proof, as well as in the form and com- 
pleteness of the plan, 1 have found nothing to alter ; " and 
again, “my present exposition, in substance, as regards 
the propositions, and even in their method of proof 
i'/tan^es absoliMy nothings while it varies from the 
former here and there in the method of the exposition 
in such a manner as could not be managed by interpola- 
tion." These words arc certainly explicit enough, and if 
we are to venture to disregard them, as Kuno Fischer has 
done, it can only be because on such a question the 
opinion of the author himself is perhaps not wholly trust- 
worthy, or at all events ought not to be allowed to over- 
balance the evidence derived from a comparison of the 
editions. Such a comparison Dr. Mahaffy himself under- 
tuillf^Vand is thereby led to the conclusion that Kant’s 
bj^‘,!|j|i^gment was right, and that of his critics was 
the whole, it may be conceded that Dr, 
J makes out his case, but even he would probably 
that the general tendency of the bccond edition is 
to accentuate Kant’s avoidance of the idealistic position, 
and to effect, by a not too successful criticism of Berkeley, 
a reconciliation with the realistic position. .Such a ten- 
dency is undoubtedly absent in the first edition. Indeed, 
Ur. Mahaffy admits, in a note on p. 23, that “ it may be 
that Kant was somewhat frightened at the charge of 
Bcrkeleianism and the history of the controversy on this 
point given by T)r, Stirling in the eighth volume of Mind 
entirely confirms the opinion that in some fashion the 
effect produced by the first edition was one which Kane 
set himself to alter. 

(Jne of the important passages is, of course, the 
“Refutation of Idealism," which, although it was not 
wholly new, but had already been outlined in the first 
edition among the “paralogisms," still deserved the 
attention which the German critics gave to it because 
of the new position and importance which it assumed in 
the revised version. Is it the case, as the Idealists 
assumed, that the intimations of the innei sense (internal 
experience) are more trustworthy than the intimations of 
the outer sense (external experience) 1 May we rightly 
argue from sensations to the percipient who is the subject 
of the sensations, although wc are debarred from arguing 
from sensations to the “matter" or external object to 
which the sensations are referred as their cause ? Accord- 
ing to the “ Refutation of Idealism," Berkeley is clearly 
wrong ; both inner sense and outer sense have precisely 
the same validity, inasmuch as both yield us “ phenomena" 
of the same value; while it is also suggested that were it 
not for the permanent object of sensation, no sense of 
change^no sequence in the intimations of the inner sense, 
would be possible at all. Dr. Mahaffy devotes a chapter 
(chap, xiv.) to the discussion gf this question, and wc 
venture to think that there isno part of his work which more 
deservei» an attentive perusal We would especially point 
to the passages in which he discusses the precise meaning 
of Kant’s principle of pemiancnce (pp. 212 et 
Berkeley’s polemic against matter was a d'sproof of the 
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supposed substratum of qualities. But, according to 
Kant, Berkeley confused matter as a substratum of 
qualities with matter as a thing per se. No doubt we 
can never prove existence of matter as a thing per se. 
On the other hand, the notion of a substratum is neces- 
sary in our knowledge in order to account for t^t 
permanence without which there would be for u$ no teal 
world at all. This permanent substratum is itself phem^ 
mettal^ because we can. form no notion of permanence 
except in $pace^ and space is a form of sensible intuition. 
Hence Klant would be the last to sanction any speculations 
on the permanence of unknown things perse: he is no 
materialist in the vulgar sense of the word ; but be is, to 
the extent above explained, a problematical realist, in so 
far as he accepts the necessary principle of a permanent 
phenomenal substratum. If we further ask, Whence do 
we obtain this notion of permanence ? Kant answers that 
we derive it **from the fact that all our experience is 
comprised in one time, which time cannot be perceived 
in itself, but only when occupied by some perception. 
Hence we infer the permanence of the matter of ex* 
perience, of phenomenal substance, the changing atq^es 
of which correspond to the various portions of ehahfmj^ 
time comprised in the one great complex of time. Thus 
we represent to ourselves the permanent, even though we 
have no permanent representation ; and as an empirical 
criterion of this permanence in time, we use impene- 
trability, or modes of resistance in space ” (p. 213), 

Kant was, however, not content with merely indicating 
the equal authority of external experience as compared 
with internal experience. He advances to a still bolder 
position. While both external and internal experience, 
although they can give us no information concerning, 
objects per se, are equally immediate and equally certain 
Kant thinks that it can also be proved that in some re- 
spects external experience is the more important of the 
two. For internal experience is, after all, only possible if 
we presuppose external experience. Internal experience is 
subject to the form of time ; it is made up of changing 
modes of consciousness. But change can only be under- 
stood if we already have the notion of permanence (“ only 
the permanent can change,*' says Kant), and the notion 
of permanence is to be found in that permanent sub- 
stratum which underlies all our external experience. 
Hence it is so little true that internal experience is more 
certain than external that the reverse is almost the case. 
Without external experience there would be foV us no 
possibility of internal. Where Kant's critics have gener- 
ally gone wrong is in assuming that where Kant speaks 
of a permanent substratum he means a thing per se. But 
this is not the case. Whit he means is a phenomenal 
substratum, the non-recognition of which is the fatal error 
0/ Berkeley, 

We have spent so much time and space over this 
point that we have left ourselves but little opportunity 
to speak of others. But we do not think we are wrong in 
assuming it as the point qf capital importance in Dr: 
Mahatf/s new edition, especially as it is at once the mdst 
original and the most effective part 6f his polemic a|[ainst 
Kuno Fisther and other derman critics. But there are 
meny other features atmntioni although^ 

can do no more thetn^ We wodld eipeeiaBy 

dtma the Wder to the ibBdwing. Let him Observe 


Mahaffy's clear explanaBons of Kant's passage from, the 
ordinary table of logical judgment to that of the cate^ 
gories (pp. 80 et se^,), his treatment of the categories 
themselves (pp. 88 et se^,), as well as his vindication of 
Kant against Mantel, Fichte, and other critics of the 
categories {pp. too et Chapter vii., on the deduce 

tion of the categories, is an important one, especially as 
it compares the “ Prolegomena " with the “ Kritik." If Dr. 
Mahaffy has not been able to bring into clearer light the 
difficult and unsatisfactory treatment which Kant has 
given to his principle of causality (pp. 180 et seg,), he at 
all events has effectively criticised .Schopenhauer’s carpings 
at the Kantian categories and schemata (pp. i$i et seg^), 
Mr. Bernard' s contributions to the commentary begin with 
chapter xvii., and deal with Kant's “ Dialectic of the Pure 
Reason," but we believe that for most students the chief 
interest of this new edition will be found to be con- 
centrated in the commentary on the ^'Analytic.” It should 
be added that the second volume is a translation of Kant's 
“ Prolegomena,” and contains also, in the appendix, the 
suppressed passages of the first edition of the “ Kritlk.'' 
The whole edition forms a striking and valuable version 
of the logical views of Kant, and we can imagine no more 
helpful text-book both for older and younger students 
of Kant’s immortal “ Kritik,” W. L. Courtney. 


OU/i BOOK SHELF. 

Monograph of the Marine and Fresh-water Osiracoda of 

the North Atlantic and of North- Western Europe. By 

Dr. G. S, Brady and Rev. A. M. Norman. (London : 

Williams and Norgate, 1889.) 

About twenty-one years ago Dr. G. S. Brady published, 
in the Transactions of the Linnean Society of London, a 
monograph of recent British Ostracoda. The present 
monograph is to some extent a supplement to the former 
one, but as it embraces the description of the forms be- 
longing to a greatly extended area, it may be regarded in 
the light of a new work, in the publication of which the 
authors have been ably assisted by the contributions of 
most of those zoologists interested m this group of Crus- 
tacea. The ptesem memoir deals only with the section of 
the Podocopa. The geographical area embraces the Arctic 
Seas, the North Atlantic Ocean, and North-Western 
Europe. The North Atlantic area is fixed at 35'* N*, 
thus excluding the tro]?ical species of the West Indies 
and the Gulf of Mexico ; the Mediterranean is not 
included, as the doing so would have too greatly extended 
the limits of the work ; and the North-Western European 
area embraces Austria, (Jermany, France, EWgium, 
Holland, Denmark, Scandhi&via, and the British UUnds. 
The distribution of the living species, as far as [mown, 
is recorded. One hundred and eighty-eight species in- 
habiting salt water are fecard^d, and sixty-cme fresh-water 
forms, and yet it is certain that the record is still very 
incomplete* WhHe the marine species of Norway aqd 
Sweden have been in part studied, little has been dhne 
with respect to the marine species ofv Denmark and 
Germany. The knowledge of the Dutch marine forms 
has been derived from iome d^gings in the Rivers Maas 
and Scheldt, those of the and coasts 

ate also but little khowrii and the same 0% be said tS 
the truly Art^c while nofihinf l^wn Of the 

forms inhabiting the coasts of States df 

Cmiada. , 

The Oswods erf and Sweden 

b^e^bcieh Sara imd 

^Ueli^ ; In Debmadt by im sinOe 
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by Plateiu ; in Germany by Koch, W. Miiller, and 1 
jSadcUch^ whose type species were very generously in* j 
trusted to Brady and Norman by Prof. SecHger, of 
Kdnlgsberg. In Franco, the species have only quite 
recently been Investigated by Moniez. Those of Great 
Bdt^n are the only ones at all extensively worked out. 

This mono^aph, which consists of 200 quarto pages, is 
illustrated witn nfteen plates, and is published as Part II. 
of the fourth volume of the Transactions of the Royal 
Dublin Society, 

TAe Harpur Euclid. Books I.-IV. By E. M. Langley 
and W. S- Phillips. (London : Rivin^on, 1889.) 

This is an edition of the ** Elements “ revised in accord- 
ance with the Reports of the Cambridge Board of 
Mathematical Studies, and the Oxford Board of the 
Faculty of Natural Science.^* The favourable impression 
made upon us by^ihe two previous instalments of Books | 
I. and IL is thoroughly confirmed by the additional matter | 
now before us. We are not going to say that it is the , 
best edition wc have seen, for lately we have had under | 
our notice two or three excellent works on much the same j 
lines, but it is certainly not inferior to any of these, I 
whilst for the arrangement of the text, the variety of ‘ 
type, and boldness and correctness of the figures, it is 
admirably adapted for school purposes. The editors, 
following on the lines of Mackay*s interesting edition, 
have supplied ample store of illustration and historical 
matter, which will render the study of “ Euclid ** interest- 
ing to the intelligent boy. Not content with embracing 
within their net an account of Simson's line and the nine- 
point circle, Mr. Langley, in an article on the principal 
circles of a triangle, has given an excellent though brief 
description of the properties of symmedian lines and of 
the Brocard, cosine, and other modern circles, thus 
bringing the teaching of these circles within the range of 
the school curriculum. The exercises now reach the 
respectable total of 677, and to many of them useful 
hints for their solution are appended. We await the 
completion of the authors' task with interest, for a good 
work on elementary solid geometry is not altogether 
superseded by Nixon's admirable manual. 

Elementary Treatise on Mechanics. Part 1 . Statics. 
By Rev. J. Warren. (London : Longmans, Green, 
and Co., 1889.) 

This is an elementary treatise intended for the use of 
schools and University students. The arrangement and 
methods of reasoning are best adapted for students who 
have made some acquaintance with trigonometry. At 
the same time a considerable portion of the book may be 
read by those students not possessing such mathematical 
knowledge. Each chapter contains a good selection of 
examples, some of which are worked out. This feature, 
tqgetnpr with the fact that the various theorems and re- 
sults very clearly established, will help to render the 
book a useful one. An experimental proof only is given 
of the parallelogram of forces, other proofs of which 
win be found in the second part of the worki which is 
4 evoted to dynamics. G. A. B. 
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1 75 b Mditer does not hold himse^ n^ousibU fir opinions ex- 
by Ms cerre^fiud^- NeUher can he undertaks 
H retp^\or to eorresfond ioUh the vfriters oE rejected 
ittfmded/or tMs or oety idher fisrt of NATuaE. 

tttulier BtupUone of ltra1cat(&. 

- ^ a CommitlMW of the Royal S>clety en- 

the Ptaparetloh of a sketch of the ged^leal 
^ up6n the |t)M>o|cauIc erupUoti pf Krakat^ in 


i88j, I was quite unaware that any reliable recordu concerning 
the early history of the East Indian Archipel^o were in exist- 
ence, I stated, therefore, that authentic history commenced 
only about three centuries ago, when the dUlrict began to be 
visited by the Dutch and Portuguese navkators ; and that the 
earli^ eruption of which we have any detailed account was 
that of r68o, described by Vogel and Hesse. ^ 

At the same time, however, 1 pointed out that the study of 
tbdi geUldgical structure of the district— * so well described by 
Mr. Verbeek and by MM. Br^on and Korthals — especially 
when that structure was considered in the light afforded by 
i other volcanic areas that have been investigated by vulcano- 
' legists, led to very definite conclusions as to what must have 
been the early history of the great volcano. 

It was shown that Krakatim is situated on a fissure traversing 
the Sunda Strait and running at right angles to the great band of 
volcanic activity which traverses the islands of Java and Sumatra ; 
and it was inferred that at a very early period a volcano of great 
height and bulk was built up at the point marking the inter- 
section of the two lines of fissure ; it was then stated that-^ 

** At some unknown period this volc.Tno became the scene of 
an eruption, or series of eruptions, which, judging from the 
effects they have produced, must have been on even a far 
grander scale than that which four years ago attracted so much 
interest. By these outbursts the whole central mass of the 
volcano seems to have l)een blown away, and only an irregular 
crater-ring left behind. The great crater thus formed must 
have had a diameter of three or four miles, and its highest por- 
tions could have risen but a few hundreds of feet above the 
pre^t level of the sea.’' 

Aitttr pointing out that this crater-ring became to a great 
extent filled up by a succession of smaller eruptions, J proceeded 
to say : — 

** Whether the tract now constituting the Strait of Siyida was 
then dry land uniting the islands of Java and Sumatra, we have 
no means of determining ; but 1 may point out that there are 
some grounds for believing that the formation of the depression 
occupied by the straits was subsequent to the evisceration of the 
volcano. ” 

After stating what these grounds are, I added : — 

“ It seems not improbable that the depression between the 
islands of Java and Sumatra may have resulted from subsidences 
accompanying or following the ejections taking place at the 
great central volcanic focus of Krakatab" (/tv. rf/., pp. 7-8). 

I am greatly indebted to Mr. C. Baumgarten, of Batavia, who, 
through Dr. K. Rost, the Librarian to the India Office, has 
called my attention to some ancient records that seem to con- 
firm, in a singularly striking manner, these concisions arrived 
at by scientific reasoning. 

Mr. Baumgarten writes as follows 

'*In a Javanese book called ‘ Pustaka Raja,' the 'Book of 
Kings,’ containing the chronicles of the island, kept secret during 
centuries in the Royal Archives, and only recently made public, 
we find the following interesting and curious account of an erup- 
tion of the mountain Kapi : — 

** * In the year 338 Saka [i.e. A, D, 416], a thundering noise was 
heard from the mountain Hatuwara,® which was an^iwercd by a 
similar noise coming from ihe mountain Kapi, lying westward of 
the motlern Bantam. A great glaring fire, which reached to the 
sky, came out of the last-named mountain ; the whole world was 
greatly shaken, and violent thundering, accomi>anicd by heavy 
rains and storms, took place ; but not only did not this heavy 
rain extinguish the eruption of fire of the mountain Kapi, but it 
■ augmented the fire ; the noise was fearful, at last the mountain 
Kapi with a tremendous roar burst into pieces and sunk into the 
deepest of the earth. Tiie water of the sea rose and inundated 
the land. The country to the east of the mountain Batuwara, 
to the mountain Kamula,^ and westward to the mountain Raja 
Rasa/ was inundated by the sea ; the inhabitants of the northern 
part of the Sunda country to the mountain Raja Hasa were drowned 
and 8Wq>t away with aft their property. 

‘After the water subsided the mountain Kapi and the sur- 
rounding land became aea and the Island of Java" divided into 
two parte. 

* ''Tbe Eruption of Kiakatab (md Subsequent Phenomena,*’ Report of the 
KrakatOb Committee of the Royal Society {i889). 

» “ Now colted Pulquri, one of the ext.nct volcanoes m Bantam, and the 
nearest to the Smuts of Sunda.*' 

3 'fNow called the * <ie<W* mountain.” ^ 

« ** 7 he ^t southern volcano of SooiRtra, and situate in the ' Lampung ' 
country.'* 
s ” ^e Soaskrit 
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<;ity of S^mufikuta, Vfhich vvhb situate in ihe interior 
of l>ccfttno Sf a, the waicr of nvbkb was very dcarj and 

whi{^ Ores afterwards caUed the lake Sinkara.^ This U the 
oriffin of the jeparation of Sumatra and Java*’ ^ 

rYhether we are ‘Ratified in accepting this date (a.d. 4}$) as 
that at which the very grpnd eruption of Krakatdb^ and the 
accQknpanylng subsidence which led to the reparation of j^va 
and Sumatra, actually took places 1 am not prepared to ea|tVv^t 
may be that, os in many similar cases, the noating traditiona of 
a grand cataslrfpbe attached themselves to a subsequent e#ent 
of a similar charecler. It is certainly very interesting to learUs 
however, that in the fifth century very grand volcanic outbursts 
were taking place in the district in question ; and that a belief 
cxlEted in the former connection of the islands of Java and 
Sumatra* Kor is it unimportant to discover that tradition is in 
complete harmony with scientific reasoning in assigning the 
sepaialion of the two islands to actions occurring concurrently 
with great volcanic outbursts. 

In concluding this note, I must express iry great obligations 
to Mr. Baumgarten and Or, Rost for bringing there important 
records under my notice. JuHN W. Jui3t>. 

On some Effects of Lightning. 

Bkok. McMili.ak’s interesting letter in Nature of July 25 
(p. 295) contains seme minute details of the effects of a light- 
ning-stroke on A house near Caicuita, on June 8 last. I agree 
with the writer that such cases are of value to electrical science, 
especially when reported by a competent observer. In Prof. 
M civilian's excellent letter there is one word to which I object, 
and that is '* vaeariee,” as applied to electricity at high poten- 
tial. When lightning enters a house, it is as much subject to 
law as fvhen il flashes from the cloud to the earth, and does not 
behave with the whim, caprice, or freak implied by the word 
**vBcai7.” In the absence of continuous conductors, the elec- 
trical discharge drags into its p&th light, conducting substances, 
which assist its progress, ahd by means of which it can strike 
through considerable distances and in various directions, as in 
the case before u«. As to the effect of the di;- charge on the air 
of the house, Mr. McMillan appears to have made a real ad- 
vance 1 onwards the solution of a difficult problem — namely, What 
is the origin of the powetful odour produced by a lightning- 
discharge within an inclosed space, such as a room ora ship? 
In most cases, the odour is compared to that of burning sulphur 
— ‘Uhe ship seen ed to be nothing buf sulphur,^' was entered in 
the log of the after having been struck by lightning. 

Now as far back as 1785, Cavendish’s famous experiment 
proved that electrical discharges in a confined mass of air 
lead to the formation of nitric acid, and Liebig found that 
acid in seventeen samples of rain-water collected during 
ihunder-storniS. Nevertheless, with these facts before him, 
Snow Harris wrote; “From whence thin odour arises Is still 
an interesting piohlem in physics,’’ and he declines to discuss 
“ those chemical views which some able philosophers have enters 
mined of the nstut e of the odour emitted.” Arago also states 
that the odour is generally compared to that of burning sulphur ; 
but he add?; “ others compare it to phosphorus, others to 
nitrous gas” ; and significantly remarks; L'odeur degaa oitreux 
strait le plus lacile k expliqucr.” Now, Prof. McMiUan baa 
shown that nilngen teroxtde, more or less diluted with^tlr, was 
sufficient in the case ao ably reported by him, to account for the 
colour and odour of the atmos^ere produced within the house 
by the electric discharge. “The whole house seemed to be 
filled with an 01 ange* coloured gas, mixed with clouds of dust 
affecting the breathing like funws of burning sulphur,” is the 
dtecripnon given by the occupier of the house. 

Another point of interest in this valuable communication is 
the iniroduciion of ball-lightning. Arago is sceptical as to the 
existence of ball -lightning {t^hirs m Aitt/r), or that which moves 
through the air at a comparatively slow rate, ai>pearing like a 
luminous ball or gloho of fire, hariiday is also equally sceptical. 
But the well attested caws 0/ whatA^e name bair-Ughtnmet and 
the Germans are so numerous that they can no longer 

be termed, in Arago’s language, " a stumbjing* block (/rew 
ffarko/frwnr:^) for meteorologists.*’ Snow Harris properly 
describee these luminous balls aa a kind of bruSn or glow 
discliarge, In the well-known case ctf the the 

* “The ^^ol^km>vn Lake ofth# country." . 

“ See the •’ Krahat^b Eruption and the Javanese Chi-onicW”ln 
/Tt iitni/ forAuguM iBapbhirdstrie*, Vvl i.^pt. 3). 


luminduH ball was seed rolling on the surface of thtf 
water towards the ship from to windward ; evidently a beush 
discharge, or St. Elmo’s fire, produced by some of the polkHn^d! 
atmospheric particles, yielding tip their electricity to m 
surface of 1 he water. On nearing the ship, the point of disej^rge 
became transferred 10 the head of the mast, and, the striking 
distance being thus diminished, the whole system returned to Its 
normal state— that to say, a disruptive discharge endued 

lietween the rea and the clouds, producing the usual phenomena 
of thunder and lightning, described by the otiservcrs as “the 
rising of the ball through the mast of the ship." In Prof. 
Mchlillah's case I do not understand his remark that no second 
ball was seen to enter from the opposite side to meet the firet, 
ond so produce the apparent explosion.” Surely a second ball 
Was not necessary to produce the effect described^namely, ** an 
Inlcnsely brilliant ball of yellow fire, about 6 or 7 inches in 
diameter, which passed from one end of the room to the other at 
a pace just sufficiently .Mow to allow it to be readily followed by 
the eye ; it appeared to be momentarily checked, then burst 
with a deafening report, which shook the whole house.” In 
other words, it passed from a brush into a disruptive discharge. 

lAistly, we have another remarkable confirmation of thelact 
that a lightning-conductor docs not afford protection to surroundr 
ing objects. According to the French theory, a lightning-rod 
affords protection over a circle equal to twice it*i radius. But 
there are numerous cases to prove that no such radius of pro- 
tection exists. 1 ‘he Endymion frigate, at Calcutta, in Match 
1842, was furnished with a chain conductor on the mainmast, 
but the lightning struck the foremast, shivered the topgallant 
and topmast, and damaged the lower mast. The mast struck 
was not above 50 feet from the mainmast. A somewhat similar 
accident hapirened to the Hina in Corfu, in January 1830. So also 
in the case that excited so much discussion at the time, the 
Board-house at rurficct was struck on, May 12, 1777, at a point 
about 40 feet from the conductor. A similar caur occurred at 
the Boor-house at Hcckingham in June 1781. So also in the 
recent Calcutta case, there was a conductor at one end of (he 
building, projecting 8 or 9 feet above the ro )f-JevcI. But the 
lightning entered the house by an iron-covered hatchway, 70 feet 
from the conductor, and near to a shell factory, which bristled 
with conductors. 

Prof. McMillan properly attaches great value to such cases as 
the one he reports, leading as they do to the conditions which 
should govern the protection of buildings. In the course of a 
long expeiicnce, / have noticed that the profcssion which should 
be the best inslnicted on the subject, is — 1 hope 1 may say w.^is — 
the worst. When the new buildings for the Cholmeley School 
at Highgate were ht-ing ei-cctcd, the head master consulted me 
as to the erection of a lightning conductor, and axkcd me to gee 
the architect. That genUeinan called on me and said, “We 
never put up thc^e things ; we don’t approve of them. I never 
erected one in my life, and don't know now.” 1 once visited ft 
church in Rutlandshire, that had been restored by Sir Gilbert 
Scott. The rector took me to one cf the gable ends, and said, 
“You see, we have a lightning conductor, profwrly in.suUted by 
means of glass rings.” 1 replied that on visiting the granite 
lighthouse at the end of the Bly mouth breakwater, 1 noticed 
that Faraday, in fixing a lightning conductor, hcul caused a spiral 
groove to lie cut inside the shaft from top to bottom, for the 
ingertlon of a mas*iivc copper band, so as to make the conductor 
an integral jmrt of the building. Snow Harris's method of pro- 
tecting a ship applies aUo to a building. At whatever part of 
the shi]> or building the lightning may strike, it o^ht to find an 
easy metallic path to the $ca, or to the earth. The late Brof. 
Clerk MnxWell, writing to me ai to the best method of securing 
a building, proposed to inclose it with a network of good con- 
ducting material, such as a copper wire, No. 4 firitish wire 
gauge, (0 be carried round the foundation of the house, up edcl^ 
of itie comers and gables, and along the ridges. Further deiaihi 
would occupy ipo much spacf on the present occasion. 

Highgate, N., Angusf f.ri’ C. TommnSon. 

Soy E, weeks ago, two trees wct* otruck W Hghibtfing near 3 t- 
Albans, in llerifordahb^, the effects of which are most nnimuol. 
The two rices stood hear each oiher In a wood calM Symondi 
Hjde Wood. that the downwardo, 

it IS easy to see in one where the danw^e begap— hOthijlyi 
At A place Orhete a bntheb bad by soitre meohs been brokOd 

leaving a rilggied breSdt, ihto which dodbt wwteb 
had sOOked. Thriooe K>r $ome lert the whs' 
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l«ppirently mdrely to split the ixark in the usual way. But, at a 
of ahotti feet from the ground (as 1 judged), some- 
thing in the nature of an explosion must have taken place. Not 
-only is the Imrk stripped absolutely clean off in large sheets 
from tb« level of the ground up to a height of about 30 feet, 
-pome of the sheets having been shot to a considerable distance, 
but where the explosion secm^ to have occurred, and for a con- 
aidenible height above and below, the solid limber is burst open 
and broken into shivers, and the tree, which was a very fine 
•one, is broken short across at the point where the greatc t 
amount of splintering has taken place. Here, too, a consider- 
able branch seems to have been wrenched off by the explosion. 

The other tree is at a distance of perhaps 30 yards, and was, 
if anything, a still finer one. The appearances here arc pre- j 
cirely similar, except that the lightning, which I imagine was j 
ccmcfucied along the wet surface of the twigs and smaller I 
branches at the top of the tree down to the junctions of the . 
main branches with each other and the stem, here appears to 
have struck into the wood, tearing the hark up into rough fila- 1 
naent-s, which fctill Remain attached to the surrounding bark, ' 
Most of this tearing occur'i at the angles where the main ; 
bi-anches join ; hut I noticed two places, each about the size of 
a five- shilling piece, each of which was at some distance above 
an angle. Uno such “bruise” appears also in the first-men- 
tioned tree, some distance above the broken bough where the 
main body of the electriciiy appears to have entered. The 
expl( Sion ” in the second tree was at a less height than that 
in the oilier. 

It has been Miggcsted that a good deal of the spli* tering may 
have been caused by I he trees, weakened by the stroke, having been 
broken short off by the storm of wind which presumably raged at 
the lime. 1 do not think this a probaV>Ic explanation, for the 
following reasons. The trees are well within a considerable 
wood, where the effect of such a gale would not be fully felt, 
while the two tops arc novv lying almost at right angles to one 
another ; not p.irnllcl as one would expect if the same gale of 
wind had overthrown theni. It appears most probable that a 
violent explosion occurred, not exactly in the middle of the stem, 
but rather to the side remote from that to which the tops have 
fallen. I think it will be found that all the appearances agree 
with this explanation. 

'Die destructive nature of the strokes cannot l>e adequately 
described by words t long splinters, of wedge-shaped section, are 
sticking up everywhere at the place of fracture, while many feet 
below It a pen-knife can be inserted easily in numbers of crevices 
which run up and into the stem along the radial lines which are 
Always formed in the growth of oak timber, and which have 
here been split open. 

Some black stain* on the soil at the foot of the trees arc 
pointed out as the effect of the “fire.” It will be seen, how- 
ever, that these arc caused by the tannin in the oak sap staining 
the iron-impregnated clay soil. 

I have sem numbers of lightning-struck trees, but have never 
seen anything to compare with these, and I much hope that 
fiofiro one, with more knowledge of lightning ftnd its effects than 
I have, will take the train to St. Albans, with a photographic 
apparatus, and 'ce nod judge for himself, and give ns some 
explanation. If he will write to my father (Rev. Dr. Griffith, 
Sand ridge Vicarage, St. Albans, Herts), with a couple of^dayv 
notice or so, he will be happy to do all in his power to help, 
and will no doubt drive him to the spot. 

Headers of Naturk may possibly remember a former letter 
of mine, written, if I recollect aright, in the autumn of 1879, 
describing a sparrow and her nest, flung out of a crevice in a 
chimney struck by lightning— the bird almoxt entirely plucked. 
The bird I placed In spirits, and deposited in the Cavendish 
Museum at Cambridge. I'he barking of these trees rcmindetl 
me of the plucking of that bird. 

A, F. OfttmTir. 

15 Buckingham Place, Brighton, August S. 


A BrillUpf it^irtbow, 

Fjtptd the vet^da of this Club, several of the members, In- 
ll^ve, within mimiteif of the time of writing 
this (0,30 wiilDesaed a phenomenon the parallel to which 
lee have never seen, before— brilliant tarn bow, the usual 

e sl reflection, anatber rainbow w- v#ficctlon quite as 
ni as the drdmary and umat refi action, at an , anile 


which I j-ketched at the moment, but u hich, as I have no com- 
passM, I cannot draw semicircular. The tide is out, and nothing 
but IHtle puddles of sea are Uff. E. Burton Durham, 
Alexandra Yacht Club, Somhend-on-Sea^ August li. 


TI'/E 1851 COA/M/SSrONERS* ESTATE AT 
; - /CENS/NGTOA\ 

A KEW light has been thrown upon the proposals of 
the Commissioners of 1S51, to make grants for 
provincial Museums, and to found Scholarships of science 
and art, which were discussed in Nature of July 18 
(p. 265). As was then explained, the carrying out of these 
proposals would necessitate the sale of a considerable 
portion of the Commissioners’ estate at Kensington Gore, 
We also showed that public protests had been raised 
during the last three months against any such sale ; further, 
that State aid in co-operation witli local effort has provided 
the country with a sy$tem of science and art Scholarships 
and grants for provincial institutions, and that the Com- 
missioners are not in a position also to launch and 
j administer a corresponding system of grants and Scholar- 
I ships themselves, for the benefit of the cotmtry. But as 
[ the Commissioners have published a notification of their 
intention to proceed with their scheme, it is perhaps but 
natural that, when it is attacked, they should defend their 
position as ably as may be. The att.Tck which has been 
made upon their scheme is twofold in character, but it 
aims chiefly at the preservation of the inner gaidcns of 
the estate from the degradation of being sold for and used 
as a common site for private houses, to the unavoidable 
detriment of the institutions upon the estate. 

As regards the scheme foi grants and Scholarships, 
Mr. Samuclson, M.P., gave notice of a question in the 
] House of Commons to Sir Lyon Playfair, the gist of it 
' being whether, in formvilating their scheme, the Com- 
• missioners had examined, anti taken account of, the 
’ scheme (identical in di red ion) which has been for years 
I and is in operation under the Science and Art Depart- 
ment. Sir Lyon Playfair transferred the answering of 
i this question 10 the Home Secretary, who stated acrord- 
j ingly that the Commissioners’ scheme was being prepared, 

I and would be printed in due course and laid before the 
j House of Commons. Under these circumstances, we 
I may postpone further remarks upon the Commissioners’ 

' grants and Scholarships scheme until it is printed in A. 

; complete form and submitted as promised, 

I In the meantime, however, we must take notice of 
I another incident connected with the Commissioners and 
' their proposals. On July iQ, Mr. Bartley, M.P., gave 
i notice of a question to be asked of Sir Lyon Playfair on 
i July 22. The question was, whether Sir Lvon would, as 
, a Commissioner of ^851, state the names of the different 
; persons, public bodies, and institutions which had sent 
! protest? to the Commissioners for the Exhibition of 1851, 

I against the proposed sale of part of the inner gardens of 
1 their estate at Kensington Gore for private buildings. 

! Sir Lyon Playfair, however, was not in his place when 
! the question should have come on on the 220 d. It w'as 
I postponed to the 23rd ; and when ihe printed notice paper 
for that day appeared, it was found that an arrangement 
had keen made for the question to be answered, not by 
Sir l-ydn Playfair, but by his brother Commissioner, the 
Homo Secretary. I'he question was therefore asked of 
that Minister, and, before the answer to it could be given, 
Sir Lyon Playfair got up and asked whether the right 
hon, gentleman was aware that a deputation of the 
Mayors of nearly all the largest towns in England and 
Wales, representing a population of more than 3,000,000, 
bad waited on the Commissioners to urge that the pro- 
perty in South Kensington should be sold and realised, 
in order to be applied to provincial Museums. Mr. 
Matthews replied to both the questions in one answer. 
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iThere had, he said, been protests from public bodies and 
towns against the sale of the estate, and it was also the 
case, as indicated in the question of Sir Lyon Playfair, 
that a deputation had waited on the Commissioners and 
urged the sale. «^he impression thus conveyed was, that 
the Commissioners had quite recently been between two 
fires, and had given way imder the hottest. This would 
be a poor enouj^ plight for a body of public men, who, 
up to within the last three or four years, had been con- 
sistent and strong enough to adhere to the main lines of 
a policy traced out for them in 1852, when they were 
chargecl with a public trust. But it is worse than a poor 
plight when considered, as it has to be, in conjunction 
with matured opinions and resolutions published by that 
same body of men in 1878. 

The deputation to which Sir Lyon Playfair directed atten- 
tion wait^ on the Commissioners, not, as was imagined, 
quite recently, but as long ago as 1877. The deputation 
was received at Marlborough House on June 20, 1877, 
and was headed by Mr. Chamberlain. The Prince of 
Wales made a very brief reply to it ; and Lord Granville 
delivered a full exposition of the Commissioners^ reasons 
for disagreeing with the views of the deputation. The 
deputation proposed, as the best method of dealing 
with the Commissioners' trust: (i) the realization of 
the estate to as great an extent as possible ; and (2) the 
application of the realized funds, in grants to provincial 
Museums for buildings, and for the purchase of suitable 
objects for exhibition therein.’' Amongst other states- 
manlike views of their responsibilities towards their 
trust and to the public at larp^e, Lord Granville, on be- 
half of 'the Commissioners, pointed to the importance, in 
the founding of provincial Museums, of voluntary sub- 
scriptions, and to the “ danger of stopping the flow of 
them if you [the deputation] get a great central body 
supplying -everything. There is the consideration how 
far even a large sum would go." The possibility of real- 
izing a portion of the estate was mentioned j but it should 
be clearly stated that that portion of the estate was a 
site lyin|r to the of the present Imperial Institute. 
No portion of the inner gardens, upon which the Albert 
Half abuts, was to be put up for sale. 

It will be useful to now give extracts from the Sixth 
Report of the Commissioners published in 1878, shortly 
after the deputation above referred to had waited on 
them. 

The claim of the provincial towns to share in the appli- 
cation of our funds was supported by two considerations. 
In the first placcj it was said that the support which 
enabled the Exhibition of 1851 to be held was obtained, 
to a large extent, from our great manufacturing centres. 
As a fact, the metropolis subscribed ;£35,zo8 i6j. i i//,, and 
the provinces /34j057 Sfi. The second consideration 
urgwd was the dimculty which is felt in provincial towns 
in raising, by means of rates, amounts adequate to meet 
the expenses of building and maintaining scientific mu- 
seums and galleries of art. 

“ That we are not insensible to the claims of the pro- 
vinces to a share of the benefits to be derived from the 
resources at our command will be seen from the resolu^ 
tions at which we have arrived, but as to the form in 
which such benefit should accrue we hold different views 
from those expressed by the deputation. In the first place, 
we consider that the proposal to capitalize the whole of our 
property cannot be entertained, because, apart from all 
Other reasons, it is sufficient for our present purpose to 
observe that it would clearly be at variance wit^l the 
appropriation of the land o^^naHy contemplated, and a 
reversal of the whole past poucy of our body.^ 

t •* Th* ftxMowlug i» M our Second Report, dated in 1853 *.— * A 

Urge dWUber of »uggeittions and dppUcatlons. in nfAfenoe 4 ao of 

the MTptm, have bean made to Mw CofnniMoners. . . . Tha answer which 
the CmuYnUaiOiiers have muriM^ to the difforeot opplicat-one eubmittod to 
them hoe Wo to ehgw. hy reWnoe to their pteUminMy Report to Her 
of the 6th ot Novemhfr of lest ydor, that they do not ftet iheatk- 


*'The object with which, under the guidance of, the 
Prince Consort, we purchasm the estate was to provide 
a remedy for the want so often felt in this country of an 
extensive site for the development of great institutions 
for the promotion of industrial art and science amongst 
the manufacturing population. The South Kensington 
Museum and the Museum of Natural History are two 
great monuments of the prudence of the course adopted, 
and, so long as the wants of technical education are so 
inefficiently provided for in this country as they are at 
present, we think that we ought to keep in our hands the 
means of meeting the possible requirements of institutions 
for that purpose. , . . 

''The suggestion that the resources at our command 
might be applied to the promotion of local Museums of 
Science and Art, by grants in aid of buildings or collec- 
tions of suitable objects, had received our full considera- 
tion before the deputation of provincial municipal repre- 
sentatives, already referred to, pressed this course upon 
us. The establishment of local Museums is an object 
which has long commended itself to us. In the original 
scheme, drawn up in the year 1868, for the series of 
annual International Exhibitions, it was proposed that 
'a sum of money might be annually devoted to make 
purchases of remarkable objects, which might be sent to 
local Museums throughout the country/ If this scheme 
had proved permanently successful, we might have been 
able to supply, by degrees, each of the principal centres 
of industry with collections of objects illustrating the 
manufactures in which they are chiefly interested. But, 
in the present condition of our trust, we see several ob- 
jections to the promotion of local institutions as a method 
of applying our resources. Firstly, the amount of the 
funds at our disposal is very limited, as compared with 
the numerous demands which might legitimately be made 
upon us in case we announced our readiness to make 
grants in favour of local institutions. .Secondly, we fear 
the risk that the knowledge that a central body was 
ready with funds to assist local objects would have the 
effect of decreasing rather than stimulating private 
local subscriptions, and of producing a lukewarmness in 
local efforts which would far more than counterbalance 
the moderate amount of assistance which a share of 
our funds would provide. Thirdly, and chiefly, it is 
evident that such grants, while exhausting our funds, 
would result in mere temporary help to science and 
art." 

The above extracts relate to the deputation to which 
Sir Lyon Playfair has drawn attention, and upon whose 
views, very distinctly controverted by the Commissioners, 
he seems to rely for justification in setting aside the 
protests made within the last three months against a sale 
such as the Commissioners have been opposed to. 

It is therefore difiicult to escape from some such con- 
clusion as this ; that the projected sale of the inner 
gardens of the estate for private building speculations 
will be an autocratic act utterly ruinous to the character 
of the Commissioners; and that the Commissioners 
persist in defending and urging this act by pleas and 
arguments stoutly opposed by themselves twelve years 
ago. 

*elve$ to bp in a petition to comply ttith proposals which invelva the surphts 
being applied to poirpoaes of a tuntted, partiiUt or joc^l (dwrofitet, or to return- 
ing to tht different localltiM, in order to be there appropriated tb iwol pubiio 
objectfi connected- with the progma of an. science, and education, the 
amount of subscriptions oi^etoiUiy taived in each place, which subscri[rt)onM 
were at the time made on the clear undersiondmg that they mtwt be 
lute and definiie.” The Commiselttiers would oall tupttm attemion to the 
memonaJs ftmp the impenont niaoumturing and ooiniMfMttal towae of 
Rirmmg^ham. Brislol, Hmlifox, Hull, Oldham. SheSiftkl, hOd tW Staffbideldw 
Pouerki, which areoppendeo lO thi* Report, opd indkoM clearly the swo«ik 
A iling ontenautod ^ cliceie wetl entitled to form an hn tMa 
of the importanee of ^cablkamenu for instructing thiMa etwoh^ ia Itw 
•ad manufecture fo the pHtfoible^ of science an wKRli 
•pective wdustTrf* den^.* the foww men^W |rrescafod mefootfoltt 
for the oetablifhmani of a Centnd losaunUia V Mann* 
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tae international chemical 

CONGRESS. 

A n International Chemical Congress has just been 
held in Paris under the presidency of M. Berthelot. 
The Confess was composed of some 300 members^ in- 
cluding the most eminent French chemists^ and a certain 
numb^ of distinguished foreigners. It was much re- 
gretted that foreign countries should not have been more 
numerously represented, and it was explained that owing 
to the protracted illness of M. Han riot, Secretary of the 
Paris Chemical Society and of the Congress, the invita- 
tions were not sent out till very late, and still further 
delay was caused by their passage through the Ministry of 
Public Instruction. Much credit is due to M. Fauconnier, 
who undertook to replace M. Hanriot at the last moment. 

The opening meeting was held on the 29th ult. at the 
Conservatoire des^ Arts et Mdtiers, the proceedings being 
of a purely formal character. M. Berthelot, who occu- 
pied the chair, said that a large number of communica- 
tions had been received by the organizing Committee, 
and that from the nature of these communications it had 
been found expedient to divide the Congress into four 
Sections, which he proceeded to enumerate, together with 
the list of Sectional Presidents and Secretaries proposed 
by the Committee ; — 

Section I. Analysis of Food-Products ; President, M. 
Riche ; Secretary, M. Bishop. 

Section II. Analysis of Agricultural Products: Pre- 
sident, M. Joulie ; Secretary, M. Demoussy. 

Section HI. Analysis of Phannaceucical Products : 
President, M. Petit ; Secretary, M. Bocquillon. 

Section IV. Unification of Chemical Nomenclature; 
President, M. Fricdel; Secretary, M. Bouveault 
The Sectional meetings took place in the day-lime ; the 
evenings of July 30, August 1, 2, and 3, being reserved 
for the discussion of the reports presented by the various 
Sections. 

Section I. — The Section discussed a certain number of 
methods used in the analysis of flour, bread, wine, coffee, 
&c. At the general meeting the following resolutions 
were passed 

(0 That the Government be requested to inspect regu- 
larly the factories of salted meats, as at present the brines 
used are added to constantly, but never changed {report 
by M. Combes). 

{2) That the Government be requested to inspect all 
teas on their entry into France. 

(3) That not more than 0 3 per cent, of lead should be 
permitted in the alloy used for “tinning,'' nor more than 
5 per cent, in the B\\oy for tin vessels. 

U) That it is desirable that the methods of wine 
analysis should be verified and codified. 

Section II. — After discussion of the methods at present 
in use for the analysis of earths, manures, &c., it was 
resolved that in the case of Judicial disputes no single 
method should in any case be obligatory,’ but that the 
fullest latitude should be allowed to the experts. 

Section II I.— It was resolved that a certain number of 
|>ermanent Commissions should be appointed for the 
inspection of some of the most important substances 
us^d in phajrmacy— quinine, morphing chloroform, phenol, 
salicylic acid, analgesme, &c. The Commissions should 
endeavour to investigate and improve the methods of 
analysts used for these substances. 

Settlop ly. ’—Section IV. was the one of by far the 
greatest general interest, as was testified by the presence 
of Prof^ Aflexeiofit (Kiew), Calderon (Madrid), Franchi- 
ihtmC (Leyden), Graebe (Geneva), Istrati (Bucharest), 
Koelti^ (Muioouse), Boukowski (Constantinople), 
and Coi^l da Lu* (Rio Janeiro), who were elected Vice- 
Presiden^ 

* 9t LabonuolrM 

Agdoahttf hw itsiwd « ««k 1« 4f mwhods of aiulyiiit of ttMuwm, and 
SW W plnWiii oblicaWry. 


The following is a short account of the discussions held 
at the Sectional meetings ; — 

The Nomenclature of Unsaturated Hydrocarbons . — 
M. Calderon read a paper, in which he proposed to re- 
lace the present arbitrary names of the hydrocarbons 
y a series of names derived from the fundamental terms 
0! each series. He proposes to name paraffins, proto- 
methane^ deuto-inethane^ &c., the olefines deuto-ctkylene^ 
trito^ethylene^ &c. The radicles are derived from the 
hydrocarbons by the insertion of Latin numerals between 
tne Greek numeral and the generic name ; thus, methyl 
becomes proto-uni-^nethaney &c. The author advocated 
these changes as calculated to facilitate the teaching of 
organic chemistry. — MM. Friedcl, Grimaux, Graebe, and 
Maquenne expressed the view that it was impossible to 
make changes so radical, and that Hofmann's nomencla- 
ture was quite sufficient so far as the normal hydrocarbons 
are concerned. 

M, Bdhal presented a report to the Section on a system 
for the nomenclature of complex open-chain compounds. 
He regards them as formed by the addition of char- 
acteristic groups {eroupements fonctionmls)^ in which 
certain atoms of hydrogen are replaced by various radicles. 
These radicles are given in the order of the number of 
carbon atoms they contain, starting with the lowest. To 
denote different isomers the Greek letters, a, ^ 1 , y, are 
employed. One or two examples may be given. The 
body 

CH^—CO— C=C— CH3— CHO 

would be called acetyl-acetylene-ethaldehyde (ac(?tyl- 
ac^tyl^ne aldehyde ^thylique). The body 

CHa-CTL-^CtK .COOH 

>C=C=:C( 

dig— CO^ '‘CH, 

would be called acetyl propionyl aliened methyl formic 
acid.— Many objections were raised to M. Bi^hal's pro- 
position by MM. Kriedel, Graebe, Grimaux, and others, 
and it was finally decided to refer it to the Permanent 
Committee. 

Derivatives of Ethylene and Urea. — M. Graebe pro- 
posed to denote the two atoms of carbon in ethylene 
derivatives, united by the double bond, by the letters a 
and b. If two similar radicles are introduced into the 
ethylene molecule, a?, for example, in dimethyl ethylene, 
the two isomers would be called ^z^-dimeihyl ethylene and 
dimethyl ethylene, or for greater clearness ri-dimethyl 
ethylene. In the case of trisubstituied compounds it 
should be understood that the first two radicles were linked 
to the same carbon atom.—M. Franchimont proposed 
to adopt the same nomenclature for the urea derivatives, 
—Attention was drawn to the possibility of new isomers, 
if Wislicenus's extension of the Van ’t Hoff-Lebei hypo- 
thesis should be proved to be of general application, but 
it was decided tor the present not to number the four 
atoms of hydrogen in ethylene, and M. Graebe's proposition 
and M, Franchimont’s ndcr were adopted. 

Aldehydes ,— Grimaux proposed a resolution recom- 
mending that in future aldehydes should be named after 
the corresponding alcohols, and not after the acids. He 
pointed out that this usage was consistent with the ety- 
mological origin of the word, and that the practice of 
giving the same name to alcohols and their corresponding 
acids would give rise to confusion in the names of the 
acid and hydrocarbon radicles which they contain ; the 
names corresponding to ethyl and acetyl, to benzyl and 
benzoyl, would become identical if we used the names 

* In FntQce the word ftinction « luod itt the following Methyl 

nlcohol giwe rwe by subeiUuuon to cooipoundif *hoie chemHwl b^aviout 
le aiinUer to it» own, nnd we iherefurc said to h*vo the same cbeimcal 
fumetitM, Tb* group CHe . OH « thus tharactenstic of the prtmarv aUehoi 
/nmetiM ; eimllwly, ih* group C=C of the ethylene function, the group 
H . C=0 of the aldehyde function, &c>, &c. 

^ Ot UoBUylene. 
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ctbylit akohol, «thylic acidt benzoic alcohol^ benzoic add. tbemselrrs to the study of these compe^nds^ and this was 
— Grimaux^s proposition was adopted. agreed to.^ 

3 ^ Use 0/ the Prefixes bi- and /A'-.—M. BouvcauJt M. Noelting read a report on the noroen- 

proposed, m the name of M. Hanriot, that the prefix bi ciature of the naphthalene ddivatives. He beran by 
should be reserved for the denomination of bodies formed describing the various notations of Beilstein^ Graebe and 
hf the duplication of organic radicles ; the words dipfop- Noelting, Meldola, Wehtberg, and the Swedish chemists. 
argyJ, diphtmyl, dinaphthyl to be replaced by bipropargyl, He proposed to denote the carbon atoms of the naphtha- 
^phenyl, binaphthyl.^ M- Maquenne preferred to use lene ring by figures and to extend this system to anthra- 
di instead of bi for these double radicles; but it was | cenc, mitnanthrene, dtc. M, Noeking^s proposal was 
[pointed out that there were only about twelve bodies i adopted after discussion. The fibres will be found 
whose names would need to be changed to be in harmony J below in the summary of the resolutions of the Congress, 
with M. Hanriot^s proposition, whereas the converse ’ 7“! t was agreed, on the suggestion of M. Auger, that when 
proposition would be much more difficult of adoption. — ; it was known that the radicles of a given di- substituted 
M. Grimaux thought that in any case it would be compound were in different rings, but their exact position 
difficult to alter existing nomenclature at once, but pro- | was uncertain, they should be denoted by the symbol 
po$ 4 d that the Congress should express a wish that M. : AB. 

Hanriot's system of nomenclature should be adopted for j iknsene. — M. Combes read a report cm the numcra- 

all new bodies, and should gradually replace the existing j tion of substituted benzene derivatives. He proposed to 
one, — M. Grimaux’s modification of M. Hanriot’s proposi- , assign the place (i) to the hydrocarbon radicle containing 
tion was adopted. 1 the smallest number of atoms of carbon ; in the absence 

The Use 0/ the Suffix ~ol.— M. Grimaux proposed that | of a hydrocarbon radicle he proposed to begin with the 
the suffix -i?/ should be restricted as far as possible to the j group having the lowest “molecular weight.”— M. Combes 
alcohols, and that the names of all hydrocarbons should ) gave as the reason for choosing the simplest hydrocarbon 
contain the letter n. He proposed that the ending 'em j for the position (i) that it was this one which was gener- 
employed by English chemists, should be made use of for | ally attacked last by oxidizing agents, 
the aromatic hydrocarbons. Ben sine mipktalinc in ; M. Alexeietf pointed out that the oxidation of para- 
French, bensol in German, would be replaced by the ' cymene, . CH;,. CylK, by the action of air and caustic 
English terms benzene and naphthalene, — M. Graebe soda, gives rise to cumime acid, C^Hj . CO.jH . CjH;, and 
warmly supported this proposition, and further suggested that in this rase thoposilion (1) would be changed, although 
the abbreviation of naphthalene to naphthene, — M. there was no transposition in the molecule.’-* 

Grimaux’s proposition was adopted. M. Combe’s report was referred to the I^crraanent 

. Fricdel pointed out the ambiguity which Committee. 

exists in the F'rench nomenclature of the acetones, Di- The general meeting for the discussiott of the report of 

methyl acetone might mean either the body CO(CH3).. or Section IV. was held under the presidency of M. P>iedcl, 

else CHj—CHa— CO— CH.j'— CHj (^^r its isomer). He pro- in the absence of M. Berthelot, 

posed to adopt the German notation fin* these bodies, and The following resolutions were adopted ; — 

in general to replace the word carbonyl by the word ectone (1) That an International Committee, with power to add 

{this form being more adapted to the French language to its number, be formed, whose object shall betopro- 

than ketone). Dimethyl cetonc i$ then ordinary acetone, j mote uniformity of chemical nomenclature, 

—The proposition xyas adopted, I The following gentlemen were nominated to serve on 

The Group — M. Ifouveault proposed to name j the Paris Committee MM. Berthelot, Friedel, Gautier, 
this group Calderon and other members of | Grimaux, Jungfleisch, B<:hal, Bouveault, Combes, Fau- 

the Congress were in favour of this name. U was also connier. 

proposed to use the word nitrile universally.— M. That the Committee shall immediately request the fol- 

Grimaux then pointed out that, as we made no distinc- lowing gemlemen to join them MM. Alexeieff (Ruftlia), 
tion of nomenclature between the molecule and the Arm-^irong (England), Baeyer (Germany), Beilsteln 
half-molecule of chlorine, it would be unnecessary to do (Russia), Boiikow^ski Bey (Turkey), Calderon (Spain), 
so in the case of cyanogen, and he proposed that the Ci6ve ( Scandinavia), Franchimont (Holland), Grael^ 
group — be denoted by the name cyanogen,— M. {Switzerland), J strati (Roumania), Lieben (Ausiria-Hun- 
Grimaux's proposition was adopted. gary), Noelting (Germany), Pateypb (Italy), Ira Remsen 

The Sulphur Compounds, - W, Chabrid read a report (United States), 
on the sulphur compounds. He complained thiU a (2) The two carbon atoms in ethylene, and the two 

certain number of chemists used the term sulphim for hydrogen atoms in urea, Shall be distinguished by the 
compounds containing no oxygen, and which should letters a and b (proposed by MM. Graet^ and Frinchi- 
properly be termed sulphides. He proposed that the mont). 

name sulphine should be reserved for compounds of the (3) The aldehydes shall be named after their cor- 

formula (SO)Kj, sulphones for compounds {SO,)R^ de- responding alcohols (proposed by M. Gtimaux), 

rived respectively from sulphurous and sulphuric acids. {4) The word carbonyl shall be replaced by the word 

This nomenclature is used by Beilstein in his invaluable cetone** (proposed by M. Friedel). 

compilation. It is naturally applicable to corresponding (5) The group — CSN in organic compounds shall 

selenium and tellurium compounds.— It was decided to be called cyanogen, instead of nitrile (proposed by M. 

refer M. Chabrid’s re'port to the permanent Committee* Grimaux)* 

Ring Formula containing Nitrogen,—'^. Bouveault (6) The suffix -oi shall be reserved as far as possible 
read a long report on the subject. He proposed to adopt for alcohols. In the hydrocarbons ft is to bp replaced by 
Widmann's nomenclature, with certain modifications in the ending (proposed by M. Grimaux). 
the details.—A protracted discussion ensued, and finally ( 7 ) The pt«fix bi^ shall in future be reserved for bodies 
M. Graebe proposed that M. Efouveault’s report should formed by the union of two radicles such as biphenyl 
be printed and widely disiribbted, so as to elicit t be wprapargyJ and ihe Gofigrpss expresses 

opinion of all the chemists who had specially devoted 

* Th« (lome^d&tute of th« pyridiiw quiqol«ln# dwlvatW«« ^ 

' It may be mentioned that wH«re*e In ElngUtid tlie um the pteSx bfi ^ Sectlori wae aftumarde beck to die CWomiaet. ' 

has been almost entirely atniidbned, in Fwtnceit b etiU employed, iWush w “ It may be terwanwid that t>»i UiflScuUy ji in’ictcftt W the 
roloe for its use have hUherto bejm given t llw terms di-H4tro mebnt aUd oxidauon of MracymeUe by chromic acid give* tme » pamctduk (tc«L 
butMifie St-xtiirl denote the asme body. * *ppU*e only to Brei^ketometKUtwreh , 
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tilflf dMiee that tWa notnendature may be gradually 
adoMd for bodies already knowa ; the prefix di^ to be 
uaed at at present, to demote bodies formed by double 
substitution proposed by M. Hatiriot)* 

(8) The di^erent carbop atoms of naphthalene antbra- 
cenci phenanthrene, fluorenc, carbaxol, acenaphthene, 
acddiihe, shall be numbered as follows:— 
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(Projmscd by M. Nodting.) 


(9) The proposition to denote the carbon atoms of 
quinoleine by a, y for the pyridine ring, and <?, m,/, a 
(ortho, meta, para, ana) in the benrine ring,' which had 
been voted at the Sectional meeting, was adjourned by a 
vote of 42 against 26, and referred to the l^ermancnt 
Committee. 

After the carrying of tlie resolutions, M. Friedei made 
a short speech, in which he thanked especially the foreign 
members for their attendance and help. Some people 
might, he said, think that the Section had accompli.shed 
but little ; that^ however, was not bis opinion : their aim 
had been to help workers in their work, and nothing 
could be more conducive to this aim than the use of the 
same language among the chemists of all countries* He 
felt sure that their efforts would prove fruitful in the 
futpre, and he hoped that by next year the International 
Committee would be able to report sUch serious progress 
as to justify the summoning of another Congress.’ 

Thus terminated the fortpal proceedings of the Section 
and Congress, which bold hlecn marked throughout by the 
greatest good feeling among the sa 7 fan/s of the various 
nations represented. On Suhday the Congress was 
brought to a final close by a banquet offered to the 
fonsign member# at the Terminus Hotel. * 

% , 


THE EEV. M. /. BERKELE Y. 

T he death of our great English mycologist has fol- 
lowed very close upon that pf our great English 
iichertologist Both of them were country clergymen of 
the Church M England, both were over cjghty, and the 
cartet of both a# botanical authors has extended over 
half a dentury. 

The Rev. Myles Joseph Berkeley, M.A , F.R.S., was 
hoiin at Bigght^ in the parish of Oundle, in the year 1803. 
He was a descendant of the old historic family of that 
hUnoe. He wotf at Rugby, and af Christ's Col- 

lege, Cambridge^; and graduatetT as Mb Senior Optime 
hi the year 18^5. After holding a curacy at Margate, he 
wai: gt^nied: in 1833, iocuttlbent of two imaH parishes 
Wanwfbrd, in his natwre county. ««re he remained 
lur ihirty-^vt years/uctiv^ engaged in the performance 


of his parochial work. His stipend was small and his 
family large, and he had to supplement his clerical 
income by taking private pupils. This of course ab- 
sorbed a great deal of his leisure, but his industry and 
force of character were so great that he got through, in 
addition, an enormous amount of scientific work. In 
1868 he wa® appointed to the more valuable living of 
Sibbertoft, near Market Harborough, which he held until 
his death, on July 30. During the last ten years hia 
health has failed, and in 1879 he presented hb botanical 
collections to Kew, and, since that time, has published 
scarcely anything. 

His attachment to botany must have begun very early 
in life, for I remember hin\ saying, when we were speak- 
ing about a certain botanical examination, that he had 
not set any questions that he could not have answered 
when he was six years old. His friends thought he would 
have taken a higher degree at Cambridge if he had not 
given so much attention to natural history. His first 
book, Gleanings of British Alga:,” appeared in 1833. 
It deals mainly with minute microscopic types. The 
book which made his reputation was his Monograph of 
the British Fungi,” which forms the third volt me of 
HookcFs “ British Flora,” published in 1836 This was 
the only hand^-book of the British species in existence 
up to 1071, so that for thirty-five years it was the indis- 
pensable companion of every worker. The “ Systema 
Mycologicum ” of Fries, which summarized most ably all 
that was then known about genera and species, came out 
— the three volumes from 1821 to 1829, its “ Supplement” 
in 1830, and the “ Elenchus ” in 1828 ; so that these were 
just in time to serve Berkeley as a foundation to build 
upon. From 1836 to 1870 he was the universal referee 
for everyone in this country who wanted information 
al>out fungi. Collections poured in upon him from 
home and abroad, and he described many thousands 
of genera and species, a large proportion of which 
were new, in Hooker's “ Antarctic Floras," Hooker's 
Journah of Botany ^ the Transactions and journal of 
the Linnean Society, and in the Annals of Natup'al His- 
tory. During the latter part of the time he worked a 
great deal in conjunction with the late Mr. C. E. Broome, 
of Bath, who had abundant leisure and industry, com- 
bined with an unconquerable disinclination to publish on 
his own account, and in every Fungus-list “ Berk, et 
Broome” is an often* quoted authority. Beginning with 
Oidium Tucker i, he gave special attention to the fungoid 
pests of agriculture and horticulture : and it was, more 
than anything else, his papers on the potato disease that 
obtained for him the small pension that was granted to 
him during the last twenty years of his life. In 1857 
he published a general ‘"'introduction to Cr;^togamic 
Botany,” which has had a wide circulation. There has 
been no other book of a similar scope in the English 
language till this present vear. His “ Otulines of British 
Fungology,” published m i860, contains twenty-four 

^ illustrating a series of about 150 typical forms. 

:xt deals specially with the Hymenomycetes, and, 
for the other orders, docs not go much beyond a cata- 
logue of the British genera and species. His “Hand-book 
of the British Mosses,” published in 1863, contains djs- 
scriptions and plates of all the species then known in 
Britain. In the same year he was awarded the Biological 
Gold Medal of the Royal Society, of which he was elected 
a Fellow in 1879. working days 

were over, and in that year he presented to Kew his 
entire fungus herbarium, followed, not long after, by his 
books. His herbarium contains specimens of upwards 
of 10*000 species, duly named and classified ; and it has 
been eBtiinated by Mr. G. E. Massce that it contains 
type speoimeos of 4866 species described by himself, a id 
that the full number of new species which he described 
will not fell far short of 6000. 

For many years he acted as one of the botanical exa- 
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of ^ Uuivmity of London, genenUly m oon^ 
junction wi^ Sir J. D. Hooker and the late Dn Tfaomeon j 
an4 be acted idso in the earae capacity for the Univeraity 
of t!!ambndge and the A|K>theeanes^ Company. 

J'rom the com|i|cncei»ent of the Gardner's ChrofUck^ 
in 184 L till his health failed, be was a regular contributor 
to its pages. His most important papers were a series 
of articles on vegetable pathology, commenced in 1854 
and continued at intervals till 1S57. He also contributed 
a series of articles on the diseases of plants to the 
“Cyclopaedia of Agriculture.** He was one of the first 
to lay special stress upon the need for studying the full 
life-history of a fungus in order to understand it properly, 
the carrying out of which in the last generation has so 
cornpletely <:hanged many of our old ideas. 

Auer the death of Lindley he acted fbr many years as 
botanical referee and general counsellor to the Royal 
Horticultural Society, a po^t for which he was well fitted 
from his thorough knowledge of vegetable ^ysiology 
and his acquaintance with practical gardening. It was 
in the Journal of this Society that his papers on the 
potato disease appeared. He was an excellent classical 
scholar, and read through all the proof-sheets of Bentham 
and Hooker's “ Genera Plantarum,” specially as linguistic 
pitic, He was a man full of geniality, always willing to 
impart freely his wide store of information, and will be 
greatly missed by those that had the pleasure of his per- 
sonal acquaintance. He had a commanding presence 
and a robust physique. His portrait, painted in oil by 
Peel in 1878, now hangs in the rooms of the Linnean 
Society, and a capital full-page engraving, by Mr. Worth- 
ipgton 6mith, has twice appeared in the Ga^denet^s 
Chronich. J. G. B. 

Wb mentfeped last week the fiUs in connection with the opening 
of the new Sorlx>nae, to which students from all the Universi- 
ties of Europe had been invited, Tlie following is a complete 
programme of the ten days* festivitics—held under the auspices 
of the Association Gen^rale des fetudiants de Paris— in which all 
^he students of Paris,, as well as their foreign guests, were invited 
to take part Au^t 4, gala performance at the Operh. 
August 5, inauguration of iht Sorbonne ; reception by M. 
Fnlli^res, Minister of Public Instruction, August 8, reception 
by the MttUicipatUy of Pari^ at the H6tel de VUle. August 9, 
matinh at Cobiddie Fran^slse j reception M. Vves 
Guyot, Minister of Public Works ; reception of the English and 
American students by M4 Beljame, Professor of English at the 
Sorbonne. August 10, speeches by the chiefs of the foreign 
delegations ; performance at the Gatui Theatre. August ii, pre- 
sentation of the chiefs of the foreign delegations to M. CCrnbl. 
August 12, ascent of the Eifiel Tower; excursion to Meudon; 
banquet on the teTraoe, und^ the presidency of M. Janssen. 
The jhes have been throughout ^ magnificent success, and tb« 
studmts of all countries must carry away with them the 
pleasant of remembrances of their French comrades. ;Ti«5 
Government and the City of Paris had voted a sum of about 
;^350o to the Association Gcm^rale des^tudiants, and the 
organizing powers of the President, M. Cbaumeton, and his 
devoted lieutenants, that the success of the meeting is due. At 
the Meudon banquet, at whidi there were nearly oooo covers, M. 
Laviise, Professor of Modern History at the Sorbonne, in an 
eloquent speech, declared that the principle of the future must 
be, not cosmopoliumsm, but respect dt chaqui p^irii par 
t&utis hs patfiei^^* • 

The Congress of Physiological Psychology was heldlip Puri* 
last week, and the meeting is ocmsldered to have suc^ 

oessful. It was decided that a second meeting ihenfid ^ 
in 189a, either in London or in Cambridge, during the month of 
August 


Tlif* 

ohISatttirday last, Uie wldoct* discussed during thd 

was thsd ^ rivers. The Coopuefc de- 

cided that the poIVsttt of undmgromid wafe»?PW« ^ 
rivers the recite of fi^ories should b prlndpie be forbidden, 

and that water fromThctotUfi riiquhl not fiow idtb a fftreqfo tfil it 
had been proved to, be abeolutety free from all Injurieus sub- 
stanoea The Congrcei strongly of opinion that the most 
perfect method of pnrifiiaaiion was by irrigation. I1ils, of 
course, must, in certain cases, be preceded by such mechanical 
and chemical processes as would reader the water fit for agricul- 
tural purposes. It was re^ed thia many manufacturers had 
benefited by the application of the law, as in theh efforts to 
prevbiit the pollution of watercourses they bad made disooverles 
cOd^^’J^em to utiliw wasfo products. ThedHficuUy-ww with 
the Bumfier manufacture who were not rich enough to take the 
necessary measures. The Cqngress decided that where pereUtent 
resistance was displayed the authorities should themselves execute 
the works prescribed for the purification of the water and compel 
the persons interested to pay the cost. 

Arhanckmbnts are being made by the local committee of 
the American Association at Toronto for an excursion, starting 
September 3 or 4, to the Huronian district. Particulars will be 
given in a circular, which is to be issued by the American Geo- 
logical Society. There will also be an excursion to the Pacific 
Coast. 

Some time ago the Berlin Academy of Sciences receivcdTcom 
Count Lou bat, of New York, about jftiso, with a request tlud 
a prize might be founded for the encouragement of North 
American studies. At the same time he sent £ i ao, which wis to 
be offered as a special prize. It has now been decided that a prize 
of jfiso shall be awarded in Jvily 1891, to the author of the 
beslt. printed work on the settlement Of civilized colonics in North 
America and their later histoiy. The works to be submitted 
must have appeared between July 1, 1884, and July 1, 1889 5 
and the authors must comp^idcate to the A^emy before 
July I, 1890, their intentl^ fo compete The language of the 
books , may be German, French, or th^feh. In 1896 
there will be another prize of similar amount for a work on^ Jthe 
North American aborigines. Every five years n prize of ^50 
will be offt^d, the subjects being alxiriginal and civilized history, 
chosen alternately. The money for the first of this series of 
prizes will be obtainet^y the addition of the special sum of 

120 to the interest oO the larger a^s permanent fund. 

Royal Danish Acadet^. of Sciences invites research on 
following ainocg oth^r subjecU/t^w^mpounds of alcohol 
I i^dlcaU with copper, silver, or nnd compounds of poly- 
vaVnt alcohol radicals with meiaU (all unl^own at present). 
Prize a gold medal; The fatty i^ds in dee fot of butter j to 
I be isolated , and fietermiifod^ and wj^:ions indicated especis% 
between the qlmntities of^ oleic add and those of palndfio add 
and thqr bigW homologues. Prize about The Mycorhizr 
of the hem. Are they different in different kinds of 'humne? 
Does the riructnre of {he mycelkim give a basia x^assifici- 
tion > Is there jia reciprocal symbiosis, the fongiu food 

for the plant, Ac. Prize abou^ ' Memdri to Ise idit 
to Prof. Zeuthen, of Copenhagen, wfoc Petober 3^ <l 90 i 
except in case, for whieh the dafe k October \ 

Thb tWB|ff)^(^imnvMl ^ of the Union hf 

Natitiid be held ontbeafoon- 

imon ^of September An addtm on 

heredity, will he ddbrered hy x\k Preri^ent, r- B.. E 
F;E.S. This witi^ gfier 

'''meeUng Wj(fi' iransiild' lad/hedttiiuT 'ImdtwttS;* ' In ^ ihf 
there jelH be a the 
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Hittory . Society «td Field iu?rBipi 4 exhibi- 

tions of objects of ^reat 'inter^« Oa tite ib|low3nr^ day mem^ 
bert will drive to l^hotover HiU/siid % lecture wUl ba delivered 
by the President on *Uhe geology of tite district/’ Afterwards 
there wUi be e lesieh In Christ Chiuth dudag bell. Special 
arreogenivnts will be made for members to visits on this apd 
pleo on Jifonday altonment the fjlh^iog places i^Museutn, 
A^molean Musenm» Radcllile Obser^atoryi Botanic Gardens, 
Bodldan l.ibrary^ and Clarendon Printing Press, The Oxford 
Society cordially invites members of natural history societies, 
and their friends; to the meetings of the Union ; and no doubt 
so pha'ant a protgramme will attract a very laige number of 
visitors. Further information may be obtained from the 
Secretary, Mr. U. M- J. Underhill, 7 High Street, Oxtbfd, 

A vsbPtJt little vohnne relating to the approaching mesltog pif 
the BritisK Association has been issued at Newcastle* It Pon- 
tains, in addition to the programme and other information, 
mernoira {reprinted from the NtuniastU Daily Chronicle of the 
President, the Presidents of Sections, and the lecturers. The 
volume costs thteepeoce, and will, of course, be widely cirou- 
lated. lliete has also been issued, for the use of those who 
propose to attend the meeting, a list of the hotels, apartments, 
and furnished houses, vith a plan of Newcastle. 

Mr. OEQjinR Phillips Bevan, F.G.S., died on the 3rd 
inst. at Valdhprst, Lymington, in his sixtieth year. He was the 
author of many popular hand-books and guide- 1 mx)Ics. He also 
wrote industrial geographies of Great Britain, France, and 
the United States, and edited a series of works on ** British 
Manufacturing Industries/* 

The American B^taniral Gatelle announces the death of Mrs. 
Lydia S. Bennett, a well-known botanist at KUk University, 
Tennessee. 

On August 22, about 3 o'clock a.m., a rather severe shock of 
earthquake was frit at Poitiers. Clocks were stopped, and 
furniture was displaced^ No one was injured. 

TRK German edition of the Rapqrit of the International 
Meteorological Conrinittee meeting at ZUrlch, in Septeiuber 
last, contains a preface byBr. Neumayer, relating to the d^vriop- 
ment riT meteor .^logical research in Germany, which, pi^r to 
the Congress of Vienna {1873), was almost at a standstill, very 
little attention having been paid to what was pacing in other 
countries. But the impuls# given by that ^ngress and various 
meetings of the Committee, togft^er with the Establishment of the 
Deutsche Seewarte at Haonbutg ahd the Meteorological Institute 
at Beriin, have made the Germah-tpriaking countriea rank nmco» 
the foremost and most acilvf promoters of meteorology, all noW»^ 
working tcigether on one uniform plan. The Report contalna 
also a very useful index to all the German editions of the publi- 
catioiw of the Intemam^nal Meteorological Committee since the 
Con|i^of Rome (1879). glance at this index ehows 

the gebrinUty and usefulness of the labours of the Committee, 
jkfltoive of the meetings k some way connected with it# among 
Spli^tna^ s^erially mentioned those of the Polar Committee 
the Conference jkff Agricuitutal Meteoro- 
logy (Vienihia, il^). Tlie piwparatton rif meteorological biblio- 
gmpl^, the ^jfriabllshmaili stations in rem*^ parts, of the 
world high tpioltolj^ the ptep^ion pf elaborate 

m«(eoroto|^eal emmrslon tablet {ncH yet published) for use in 
all CQuntite, and unjls^Uy o( metho^ wra but jf. few of the 
principal mttUs airie^idt lb the last sixteen yeatw ‘ 

ONk^ tbe kteri k appKedtion of ekestridty 

oonabtr^ bii electric r^ing-ldtlnit!i> wbl^ k if^lng 6itod to the 
^ lliEe cf ; ^ti^<-East^ Railway* It 

iM^ciple of ^be. riot *’ aotomaticr 

TIiS appatom.lesitoatod Immedlriely o^er the pas- > 


sengeris head, and under the rack, and is contained in a smrit 
box 5 kebes by 3. The light is of five-candle power, and is 
obtained by the introduction of a penny at tbe top of the boX, 
and by a subsequent pressure of a knob, and will Iasi for Half 
an hcMir, extinguishing itself at the end of that time automatic- 
ally. If the t^ht be required for an indehnite period, a p«nny 
every half an hOUr will suffice. The light can be extinguished 
at any moment by means of a second button provided for the 
purpose. One of the special features of the invention is that, 
if the mstrument is out of order, the penny is not lost, as it it 
in the present machines. It drops right through, and comes out 
at the bottom of the box, so that it can be recovered, and the 
same result happens in the ease of any coin other than a penny. 
Earii carriage is fitt^ with an accumulator which supjilies the 
electricaty. This invention will add greatly to the comfort of 
passengers during night journeys. 

SOUE new light on the subject of indirect vision (/ £. vision 
with the lateral parts of the retina), is thrown by recent experi- 
ments made by Kirschmann. The common idea, that the 
sensitiveness of the retina diminishes outwards to the periphery, 
appears to be incorrect. There is an objective diminution of 
light -action, when a source of light is moved away laterally from 
the middle of the field of vision ; for the mass of penetrating 
light gets less. Hence, were the diminishing sensitiveness a fact, 
a luminous surface should seem to lose brightness when moved to 
the side ; bat it does not (though it appears less distinct in out- 
line and modified in colour). Kirschmann placed two rotatory 
disks made up of moveable black and white sectors (giving any 
degree of brightness), before the observer ; who shut one eye, 
and looked at the middle of one disk, about a metre and a half 
from him, while he gave his attention to comparing tbe bright- 
ness of the second disk, seen at different angles, by indirect 
vision. The figures from numerous experiments prove that, in 
the horizontal meridian, the sensibility to brightness has a 
maximum at 22® to 25® from the centre, while in the vertical 
direction the maximum is at 12® to 15”, The growth of sensibility 
is much greater in tbe horizontal than in the vertical direction, 
and the upper part of the retina is superior in this respect to the 
lower. This corresponds to the needs of vision. Indirect vision 
with lateral parts of the retina is more important than that with 
the upf>er and lower regions ; and the upper half U more 
important than the lower. 

Messrs. Macmillan have issued n new volume of the 
" Nature Series Timber and some of Us Diseases,** by H. 
Marshall Ward, F.R. S. Until the author’s articles appeared in 
t’iw journal, the subject, as he says in his preface, was almost 
unknown in England, 

, A suggestive paper, on "The Ta Ki, the Svastika, and the 
Cross in America,** by Dr. Daniel G. Brinton, is printed in the 
new number of the Proceedings of the American Philosophical 
Society, He holds that all these symbols are graphic representa- 
tiona of Ijic movements of the sun with reference to the figure of 
the earth, as understood by primitive man everywhere, and hence 
that these symbols are found in various parts of the globe with- 
out necessarily implying any historic connections of the peoples 
using them. 

The Geological and Natural History Survey of Minnesota 
has issued its sixteenth Annual Report, dealing with such result* 
of its work as are capable of being put into a shape fit for 
publication. Mr. Winchell, State Geologist, says in an intro- 
ductory riAtement that investigations are being carried forward 
k tbit litijolagy 6f the crystalline rocks and in the palaeontology 
of the <b*iil£teroua ores, which are not yet sufficiently Car 
advanced to ,b« dealt with in a Report. 

In a valuable paper, kekded k the Annual Report of the 
Ifuiled States Department of Agriculture for 1888, on the plum 
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Ct$^cuiu^t Mc«firs. C, V. Kil«y and L. O* Howard atato that t 2 U« 
i^iect has brought about an almost entire abandontnent of plum 
nnhure in many parts of America within the last twenty years ; 
but it is by no i^irans condned to this fruit. It breeds in great 
numbers in chetVies^ peaches, apricots, nectarines, and other 
stone fruits, including the Persiniznon, and also infests many 
varieties of apples, crabs, and haws. It prefers, however, 
smooth'skined fruits. It is also a common inhabitant of the 
fungus gnwVth of plum and cherry known as "Black Knot” 
(PimHghtia from which it was first reared by Peck 

in 1818. UiKler the headings, " Habits and Natural History,” 
"Natural Enemies,” and " Kcmeclies,” the authors of the 
paper (which has juU been reissued separately) give full infor- 
mation as to the pest to which they have devoted so much 
attention. 

The " Catalogue of the Moths of India,” on which the 
compilers, Colonel C. Swinhoe and Mr. E. C. Cotes, have been 
engaged for three years, is completed ; and an elaborate index has 
now been published. The compilers^ claim that the ** Catalogue ” 
comprises all the known moths of the Indian region, including 
Burma and Ceylon. 

The MaHra}; Journal of Literature ami Sciettee^ for the 
session 188S 89, contain?, besides various other jyapers, the 
second part of an elaborate treatise, by Gustav Opi>cft, on the 
original inhabitants of India. In the first he treated of the 
Dravidians ; here he deals with the other aboriginal tribes, 
whom he classes together under the name of the Gaudians. In 
the third part he proposes to set forth various conclusions to be 
drawn from this inquiry, supported by as much trustworthy 
evidence as he may be pble to collect. 

The University Correspondence College, Cambridge, has sent 
«B a copy of its latest " Matriculation Directory.” The volume 
is full of information that will be useful to persons who propose 
to pass the matriculation examination of the London University. 
In the parts relating to text-books, milch excellent advice is 
offered to candidates. 

The Mason Science College, Birmingham, has issued its 
syllabus of drty classes for^ the session 1889-go. 

The Agricultural Society of the Gironde, as quoted in a 
recent British Consular Report, has published a statement 
showing tbp average costs inairrcd last year by proprietor in 
this department in employing the best^known remedies, vi/.. 
(0 against the Phylloxera^ sulphuretted carbon ; (2) against 
mildew, the so-called Bouillie BordelaUty a mixture of three 
pounds of sulphate of copper with one pound of slaked lime 
and twenty-two gallons of water ; (3) against Oidlum^ SUlphUt: ; 
and (4) against Antrackmsis^ a mixture of eighty pounds of 
sulphate of iron and ten jTOunds of sulphate of copper. The 
total cost of using all these remedies is said to have amounted 
on an average to about 31J. per apre, an expense which cannot 
be called excessive, especially when it is added that their, applica- 
tion served at the same time as a preventive against snails and 
slugs, which also often do much damage to vines. 

Globus contains an abstract of a paper rearl lately before the 
German Scientific Association of Santiago, on the inlmbitants of 
'^ierra del Fuego, by the Rev. C. Aspinil, an English mis^ion- 
lity^ho has laboured long among them, The particular tribe 
amongst which the Ooshonia mission was established has received 
from Mr, Bridges the name of Jttbgan, from a place to the south of 
Beagle Channel frequented by the tribe. 'I'he people usually 
naked, save for a small skin throam over the should^m, but they 
smear their bodies with a mixture of train-oil and red earth as a 
l>rotection againit the cold. They support themselves by htiniliig, 
and at the worst feed on shell^fisb. Certain disorders of the 
digestion, arising from the Utt^, they cure by a fungus diet« For 


tic most part they move abofit from^ place to place, wfthdut 
sKiy fixed abode, In bark canoes, in the centre of which a 
fire alWays burns. Each car.oe contains a (kmlly, the with 
rowing while the husband is always on the watch with his 
jaVehit He always carries three kinds of spears with him, 
one for birds, the second for fish, and the third for crabs. 
On landing, the woman has first of all to carry her husband 
ashore, he holding the fite carefully above w^ater, and then she 
begins the erection of their primitive hut. The men are rarely 
able to swim, but. the women invariably, and this, together 
with their constant work at rowing, gives them extraordinary 
muscular power. To maintain their position os lords of creation 
the men have recounsc to mysterious rites, from which the women 
are extluded. 'fhe men have xtsually two wives, an older and a 
younger one. Without writing of any kind, they yet preserve 
many rules and customs, mainly relating to the chase. They are 
good-natured and helpful, not addicted to lying or theft, but 
tenacious in the defence of their rights. They have many amiable 
' traits of character. They love long stories and conversa- 
I ti ms, and in these a good part of their lime i« spent. One of 
I their talcs, of an extraordinary strong man who was made of 
! stone, and ultimately was killed by a thorn entering a vulnerable 
! sjmt in his heel, recalls the story of Achilles. Devoid of all 
j religious ideas and duties, they have a vague idea of the xpirils 
I of the dep.TMed wandering about in the world, and greatly to be 
! feared. 

I The additions to the Zoological Society’s Gardens during the 
i past week incliuic a Gazelle {Gazella dorcus ) from Egypt, pre- 
sented by Mr. Umberto Ar bib ; a Cinereous Vulture (Fir/Zw^ 
monachtts) from Central Spain, presented by Lord Lilford j two 
Vi naceous Turtle Doves {Turtur 77'«^r6Y74j) from West Africa, 
presented by Mrs. Ffoulkes ; two Alligators wn’wij- 

sippiemis) from Floritia, presented by Mr. J. W. Bannehr ; 
tweniydwo Gold Fish [CarasUm auraius)^ four Carp \ Cyprinus 
ca 7 pio)^ British fresh waters, presented by Mr. A. 11 . Hastie ; 
a Cinereous Vulture (Vultur moneulivs) fiom; Central Spain, a 
Grey Parrot {Psitletcus mthacus) from West Africa, twenty-four 
Tcydean ChafTTinchcs teydea) frocqthe Canary Islands, 

deposited ; a Globose Curasao w {Crax ^oHexra)^ two Trian- 
gular Spotted Pigeons {Columha guinea), two Cambayan Turtle 
Doves { Purtur senesalenns), bred in the Gardens, 


ASTRONOMlCfAL PHENOMENA FOR THE 
WEEK 1889 AUGUST 18-24. 

/pOR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean m) 4 aight, counting the hours on to 24# 
is here employed.) 

At Greenufich on August 18 

Son rises, 4h. 52111. ; souths, lah. 5m. 35 'is. ; daily decrease of 
southing, 1 3 ’3s. ; sets, igh. 15m. : Hght aac. on meridian, 
9h. 5r8m. ; deck 12*’ 58^ N. Sidereal Time at Siinset, 
lyh. 401. 

Moon (at Last Quarter August 18, iih.) rises, aih. 


souths. 5h. 39m, ; sets, nh, 13m. 
3h. 20 4m. ; deck 14® 48^^ N. 

PUlMC. 


RUes. Souths, 
h. m. h, m. 

Mercury.. 5 48 ... U 46 

Venus,,,.. I 10 .„ 9 tt 

Mars. 3 a ... 10 52 

Jupiter^., 16 II 20 4 

Satoni 4 3 » n 59 

Uranut... ^9 55 ... 15 23 

Noptune^. 22 34* .. » 34 


right asc. on merldialb 

Right, OK. and cfsellttatlah 
ehiAeridUn* 
h. 


h. m. 

19 44 
IT 12 
X8 4^ 

*3 57 
19 20 
?o 51 

4 u'a 


10 310 

6 58*3 

8 3 r 9 . 
17 53’5 • 

9 47-1 


10 33 K. 

at 95 . 
*9 31 f- 
aj as S. 
14 3® 

6 S 6 I 
19 aQ] 


H H 

Ihdlcacss that the rising U that of the preoedlng eiuitiag. 

A«g4 h, 

23 ... 23 ... Ventts dn CQt^unctlgii widA end s* 59* sontit 

^ftheMoon. 

24 ... 1$ ..1 b conjimciieiti with and 1* ^ 

trf the Mdtitt. / 
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Vari^U Stars^ 


Star. 

R.A. 

Deck 





h, tn. 



h. 

■n. 

AlfM ... ... 
9 l&fm 

... 3 I'O 

14 5 ST . 

.. 40 32 N. . 
8 SvS. , 

. Aug, aa, 3 
• >. t 

32 « 
14 m 

V Ophiuebi... 

... 17 I0'9 . 

,. I aoN, . 


23. 3 

10 m 

X SagUtarii... 



II 

23. 23 

18 m 

... 17 40*6 

.. 27 47 S. . 


19, 0 

0 Ai 

W Sagittarii 

... 17 57*9 

.. a 9 35 S- . 


23 » 4 

0 nt 

T Herculis ... 

... li 4*9 

.. 31 0 N. . 


20, 

m 

U Sagittarii... 

... 18 25*6 

.. 19 12 S. . 


22, 0 

0 m 




99 

24. 23 

0 M 

$ Lyrse 

... iS 4fi'o . 

.. 33 M N‘ • 


23 » I 

0 

R Lyrse 

... 18 52*0 . 

.. 43 48 N. . 


2L 

m 

UA^uilm ... 

... 19 23*4 < 

7 16 S. . 


22, 0 

0 m 

S Sagittse ... 

... 19 5*^ 

... 16 20 N. . 

1 , 

20, 21 

0 m 



, , 

23, 21 

0 M 

T Vulpecttlss 

... 20 46*8 . 

.. 27 50 N. . 


22, 1 

0 m 




11 

22, 3 

0 M 


jl/ftlgnifias mBJCiDUini ; m minimum ; tHm neooucUry tninimum. 

Afdeor S/itnuers* 

U.A. DecI, 

Near y Andromedce ... 26 ... 42 N* ... .Swift ; streaks. 

,, 7 Camelopardalis ... 55 ... 71 N. ... ,, ,, 

,, 9r Uraconis 290 ... 62 N. ... Slow. 


T/i/*: coJVGA*i:ss of german naturalists 

AND PJIYSJC/ANS. 

'T'lIE sixly-second Congress of German Naturalists and Phy- 
^ siciana will be held, as we have already aniunmced, at 
Heidelberg, from September 18 to 23 ; and the meeting promises 
to be one of great interest. Dr. G. (Quincke and I Jr. W. KuUne, by 
whom the various neces.sary anaogemenls are being made, have 
issued a programme, and take the opportunity to say that all 
naturalists, physicians, and students ot the natural sciences, who 
may choose to attend the meeting, will be cordially welcomed. 
Although by its statutes the Congress consists only of Cermana, 
foreign investigators, by being present and taking part in the 
proceedings, give rniicb pleasure to iheir Cierman colleagues. 

The three general moetingH will be held in the great hall of the 
lieidelbcrg Museum on September 18, 20, and 23. ' 1 \> the 

second of these general meetings, on September 20, a scheme 
embodying new statutes will be submitted for Ct^nsidcratioii. 
This scheme has been worked out by a committee in consequence 
of resolutions paased at the Congress held last year at Cologne. 

According to the old statutes of 1822, Mill in force, the 
Congress consists of members and associates, but only the for- 
mer have the right of voting. Kveryone who has written a book 
on natural science or on medicine is regarded as a memlwr* No 
one, however, who has merely written an inaugural dissertation 
can be considered as an author. Admbsion as associates U open 
to all who have occupied themselves scientifically with natural 
science and medteme. The ordinary ticket costs 12 marks ; an^ 
the same ticket may be obtained for ladies at half the price. In 
return for an annual subscription of 5 marks, paid in accordance 
with the decisions of the Cologne Congress last year, the mem* 
beri receive a special member's ticket. The tic sets will often 
bo be shown, so that members and associates ought to have 
them always ready. 

Resolutions can be passed only at a general sitting ; and every- 
thing is decided by the votes of a majority of the members, Reso- 
ItUU^ with regard to scientific theses are not adopted either at 
the general sittings or in the Sections. The Sections elect their 
own iPresidents^ and may, in addition to the Seeietary previously 
ap^inted, nominate^ if necessary, a second or a thittl Secretary. 

In connection with the meetit^, there wHl be an exhibition of 
scientific apparatus, instruments, and preparations* ft will be 
h^ in the town (^mnostic hall Grobengosse, 22. 

Arrangements are made for this exhibition by a special 
comihtttee# the presideintwf whhdt is Herr Htadtrath t^eimhach, 59 
to whom all communications re- 
hithig to the exhibition should he addressed, . The ordinary 
riches wecttrea admiaston. to the exluhliion, which will he open 
dat)y4 to metnbepiasttl associmAS^lyfftwm .S to 11 o'clock a«m« 
these htNWSi exphmations wtll, if deetred, be given by 


exhibitors or their representatives. After 1 1 o'clock the exhibi- 
tion win be open to the public, who will have to pay for admission. 
A catalogue will be provided for members and associates. 

The Directors of the Museum and of the Harmonic Society 
have placed their rooms at the disposal of the Congress ; and 
through the kindness of the civic authorities, and of the Society 
to which the Museum belongs, it has been arranged that a con- 
cert shall be given in the town garden on September tS, and a 
festival in the Castle grounds on September ao ; tlmt the Castle 
shall be illuminated on the evening of September 23 ; and that a 
liail shall be given in the Museum on Sfipteml:>er 21. Tickets for 
the dinner in the great hnIJ of the Museum, on September 19, 
will be isaued at the Reception Room on Tuesday and Wedn^- 
day, September 17 and 18. The Reception Room and Inquiry 
j Office will be on the ground lloor of the Bayrischcr ilof, 2 
' Rohrbacher Sirasse, near the railway station. 

I Applications for lodgings will be received by Herr Rath- 
i schreiber VVebel (Ualhhaus, HeUlcIberg), Secretary of the Lodg- 
' ings Committee. A representative of this Committee will be 
' present in the Reception Koom. 

j A daily Bulletin will be issued during the silling of the Con- 
gress. Kvery morning it will be found in the Reception Room, 

1 with a list of members and associates; also wdth the orders of 
j the day in the Sections, Slc. Reports of papers can only l>c 
■ printed afterwards in the scientific part of the Bulletin. Papers 
which are intended for publication must be written plainly, and 
handed in not later than Detober 8. 

A post and telegraph office will be open in the ground fl Jor of 
the University from 8 u.m. to 8 p.m., and a room will be set 
j apart for the writing of letterw. Dr. (Quincke and Dr. Kuhne 
1 have not been able to induce the railway companies to issue 
I tickets at a reduced price. 

j On Sunday, September 22, the following c recursions will be 
, made ; — * , , 

I (i) Through the Valley of the Neckar to Neckarstcinach, 
Ilirschhoni, Elierlmch, Ernst thal. 

(2) By the Bergstrasso to Wemheim, Bensheim, Aueibach, 
Zwingenberg, jngenheim. 

(3) In the* I'alulinale, to Speyer, Neustadt, Annweiler, 
Diirkbeim. 

(4) To Mannheim, for the examination of the collections 
there, and for .t vihil to the opera. 

All members ami associates (even those who may already 
have their tickets) are requesietl to write their n:ime> on the list 
I in the Reception Room, and at the same lime 10 give their cards, 
with name, titles, and place of residence. 

The following is the general order of the day : 

Tuesday, September 17 : 9 a.m., opening of the Exhibition ; 
8 p.m.,’ friendly meeting in the Museum. 

Wednesday, the i8th : 9 a.m,, first general meeting in the 
great hall of the Museum. (i) Oticning of the Congress: 
Speeches. (2) f.ecture by tich. Rath von Meyer ((iottingen- 
Hcidelberg), on “Chemical Problems of the Present Day.^ (3) 
Lecture by Dr. G. H. Otio Volgcr (Frankfort), on the “ Life and 
Achievements of l>i. K. Schimper,’' 

Midday : Assembling and formation of the Sections. 

Afternoon ; Sittings of the Sections. 

7 p.u». : Concert in the Town Garden. 

Thursday, the 19th ; Sittings of the Sections ; 5 p.m., dinner 
in the great hall of the Museum. 

Friday, the 20th : 9 a.m., second general meeting in the great 
hall of the Museum, (t) Lecture by Prof. Hertz (Bonn), on 
“The Relations between Light and Electricity." (2) Con- 
sideration of the scheme of new statutes, under the presidency 
of Dr. Virchow, as Chairman of the Committee by which the 
scheme was drawn up. (3) Election (a) of the new Committee, 
(/>) of the next place of meeting, (c) of the businesi managers of 
the next meeting. 

Afternoon : Sittings of the Sections. 

ft. 30 p.m. : Fchtival at the Castle. 

Saturday, the atst ; Sittings of the Sections. 7.30 p.m., ball 
in the Mumm. , ^ ^ , 

Sunday, (he 22nd : Excursions in the neighbourhood. 

Monday, the ajrd : 9 a.m., third general meeting in the groat 
hall of the Muwum. (l) Lecture by Prof. Th. Puschmann 
(Vientm), on “The Significance of History for Medicine wdthe 
Natural Sciences." (2) Lecture by Prof. Bricgcr (Berlin), on 
“ Bacteria." 

Afternqon : Sittings of the Sections, 

7.30 p.m, 1 Illumination of the Castle. 
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We append a list of the Sections (i) Mathematice and 
Aatroaomy ; U) Physic* ; {3) Chemistry ; (4) Botany ; (5) 
ZooXozy ; (6) Entomology ( (7) Mineralogy and Geology ; (8) 
Ethnology and Anthropology; (9) Anatomy; (10) Physiolo|^; 
(11) General Mythology and Pathological Anatomy ; U^) Phar- 
macology ; (131 Pharmacy and Pbarmacognosis ; (14) Medicine ; 
(15) Surgery \ (16) Gynmcology ; (17) Children’s Diseases ; (f8) 
Neurology and f^chtatry ; (19) Diseases of the Eye ; (20) 
Diseases of the Ear ; (21) Laryngology and Rhtnology ; (22) 
Dermatology and Syphilis ; (23) Hygiene ; (24) Medical Juris- 
prudence ; (35) Medical Geography ; (36) Military Sanitation ; 
(27) Dentistry ; (28) Veterinary Medicine ; (29) Agricultural 
ChemUtiy; (30) Mathematics and the Natural Sciences in 
Relation to Education ; (31) Geography ; (32) Philosophical 
Instruments^ 


THE PEOGEESS OF SCIENCE AS EKEMPLE 
FIED IN THE ART OF WEIGHING AND 
MEASURING} 

'*pW’0 centuries ago the world was just beginning to awaken 
from an intellectual lelhamy which hod lasted a thousand 
years. During all that time the children had lived as their 
parents before them, the mechanical arts had been at a stand- 
still, and the dicta of Aristotle had been the highest authority 
in science. But now the night of medisevalistn was approaching 
its end, and the dawn of modern progress was at hand. Galileo 
had laid the fuundation for accurate clocks by discovering the 
isochronism of the simple pcndulimi ; had proved that under the 
action of gravity light bodies fall as rapidly as heavy ones ; had 
invented the telescope, and with it discovered the spots on the 
sun, the mountains on the moon, the satellites of Jupiter, and 
the ^o-dalled triple character of Saturn ; and, after rendering 
himself immortal by his advocacy of the Copernican system, had 
gone to his grave aged, blind, and full ol sorrows. His con- 
temimrary, Kepler, had discovered the laws which, while history 
endure, wi)I associate hfs name with thp theory of planetary 
motion, and he also had passed away. The first Cassini was 
still a young man, his son was a little child, and his grandson 
and great'grandson, all of whom were destined to V^e lUrectors 
of the Paris Observatory, were yet unl>orn. The illustrious ! 
Iluygbens, the discoverer of Saturn’s rings and the father of the I 
undulatory theory of light, was in the 7 ,eoith of his powers. 'Fbc 
ingenious Hooke was a little younger j and Newton, towering 
above them all, had recently invented fluxions, and on April 28, 
i686, had presented his “Principia” to the Koynl Society of 
London, and given the theory of gravitation to the world. 
Bradley, who discovered nutation and the aberration of light ; 
Franklin, the statesman and philosopher, who first drew the 
lightnirig from the clouds ; Dollond, the inventor of the achro- 
matic telescope ; Euler, the mathematician who was destined to 
accomplish so much in perfecting algebra, the calculus, and the 
lunar theory ; Laplace, the author of the **Mecanique Celeste*' ; 
Rumford, who laid the foundation of the mechanical theory of 
heat ; Dalton, the author of the atomic theory, upon which aH 
chemistry rests ; and Bessel, the greatest of modem astronomers 
—these and others almost as illnstrious, whom We cannot even 
name to night, were still in the womb of time. 

Pure iicience first felt the effects of the new intellectual life, 
and it was more than a century later before the arts yielded to 
its influence. Then came Hargreaves, the inventor of the 
spinning-jenny ; Arkwright, the inventor of the cotton-spinning 
frame; Watt, who gave us the condensing steam engine ; 
Tacqumd, the inventor of the loom for weaving figured staffs ; 
Murdock, the originator of gas lighting ; Evans, the inventor of 
the high-pressure steam-engine ; Fulton, the father of steam 
navigation ; Trevithick, who ranks very near Watt and Evans 
In perfecting the steam-engine ; and Stephenson, the father of 
railroads. If now we add the names of those who have given us 
the telegraph, to wit ; Gauss, the eminent physicist and the 
greatest mathematician of the present century ; Weber, Wheat* 
stone, and Henry— all « faihout physidsis — and Mor^e, the 
inventor and engineer ; we have before us the demi gods who 
have transfonned the ancient into the modem world, given iis 
machinery which has mttUipUed the jnodacUve power of the 
human race many-fold, antiihiiated time ahd space, and bestowed 

‘ AnoUsl Addrenof Or, V^iiriain HvkneM, Freud«nc of lbs Fh'iesephltial 
Society of Washingion, dcUversd on PecemW to, 12II7. 
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upon toiling millions a degree of comfort and luxury which Was 
unknown to kings and emperors bf old. 

I'he discoveries and inventions of the lost two centuries have 
so far exceeded all others within historic times that we are amply 
justified in calling this an age of phenomenal progress, and 
under the circumstances a little self-glorification is pardonable — 
perhaps even natural. The weekly and monthly records of 
scientific events which appear in so many newspapers and 
magazines are the immediate result of this, and tne great 
increase of ephemeral scientific literature has led multitudes of 
educated people to believe that such records represent actual 
progress. 1 he multiplication of bricks facilitates the building 
of houses, but does not necessarily improve architecture. Simf 
larly, the multiplication of minor investigations improves our 
knowledge of details, but rarely affects the great philosophic 
theories upon which science it founded. Ine importance of 
human actions is measured by the degree in which they anect 
h^man thought, and the only way of permanently affecting 
scientific thought is by modifying or extending scientific theories. 
The men who do that arc neither numerous nor do they require 
weekly paragraphs to record their deeds ; but their names are 
honoured by t>osterity. Even In this golden age the advance of 
science is not steady, but is made by spasmodic leaps ami 
bounds. Mere scientific brick -making, commonly called pro- 
gress, is always the order of the day until some genius startles 
the world by a discovery affecting accepted theories. Then every 
effort is directed in the new line of thought until it is measurably 
worked out, and after that brick-making again resumes its place. 
While the progress in two centuries has been immense, the pro- 
gress in a week or a month is usually almost ni/. Optimism has 
its uses in many departments of human affairs, but science should 
be cool and dispassionate, having regard only for the truth. To 
make a trustworthy estimate of the actual state of the whole vast 
realm of science would be a task beyond the powers of any one 
man ; but perhaps it will not be amiss to spend the time at our 
disposal this evening in briefly reviewing the recent progress and 
present condition of the fundamental processes upon which the 
exact sciences rest — I allude to the methods of weighing and 
measuring. 

Physical science deals with many quantities, but they are all 
so related to each other that almost every one of them can be 
expressed in terms of three fundamental units. As several 
systems of such units arc possible, it is important to select the 
most convenient, and ihe considerations which guide us in that 
respect arc the folloaing : — 

(1) The quantities selected should admit of very accurate 
comparison with other quantities of the same kind. 

(2) Such comparisons should be possible at all times, and in 
all places. 

(3) The processes necessary for making such comparisons 
should be easy and direct 

(4) The fundamental units should be such as to admit of easy 
definitions and simple dimensions for the various derived units. 

Scientific men have long agreed that these requirements are 
best fulfilled by adopting as the fundamental units a definite 
length, a definite mass, and a definite interval of time. Length 
is an clement which can be very accurately measured and cop^, 
but it must be definal by reference to some concrete material 
standard, as, for example, a bar of metal ; and as all substances 
expand and contract with changes of temperature, it is necessary 
to slate the temperature at which the standard is correct, A 
standard of mass, consisting of a piece of platinum, quarts, or 
other materia! not easily affected by atmospheric influences, 
probably fulfils the conditions set forth above better than any 
other kind of magnitude. Its comparison with other bodies m 
approximately equal mtus is effected by weighing, and as that is 
among the most exact of all laboratory operations, very accurate 
copies of the standard can be made, and they can be carried 
from place to place with little risk of injury. Time U an 
dement which can be moasured with extreme precision, S'be 
immediate instruments of measorement me clocks and chrono- 
meters, but tlwir running is checked by astronomical enerva- 
tions, and the ultimate standard is the rotation of the earth 
Itself. 

It is important to note that the use of three Amdamcitlnl ^nits 
in simply a matter of Conveniehce end not a theorettcaf necessity, 
lot the unit of maw might be defined as that which at unlfi d&- 
tance would venerate In a mamiid point x^it velocity in dhit 
time I and thus we should have a iwodly general i^eitem of 
measurement baaed npcm onEy^wd iundamental 
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those of fpace ad 4 time. Such a system is quite practicable in 
astronomv, but cannot yet be applied with accuracy to ordinary 
terrestriEU purposes. According to the law of gravitation, 

Mass := Acceleration x (Distance)®; 

and as in the case of the earth we can measure the quantities 
on the right-hand side of that equation with considerable 
accuracy* we can satisfactorily determine the earth's mass tn 
terms of the supposed unit. That saffices for the needs of 
astronomy, but for other scientific and commercial purposes a 
standard of mass having a magnitude of alxiut a ]>ound is neces- 
sary, and as two such masses can be compared with each other 
from five to ten thousand times more accurately than cither of 
them can be determined in terms of the supposed unit, three 
fundamental units are preferable to two. 

Tne Chaldeans, Ba^lonians, Persians, Greeks, and Romans, 
all seem to have had systems of weights and measures based 
mjon tolerably definite standards, but after the decline of the 
Roman Empire these Standards seem to have been forgotten, 
and in the beginning of the sixteenth century the human body 
had so far become the standard of measurement that (he units in 
common use — as, for example, the foot, palm, &c.,— were 
frequently taken directly from it, The complete table of 
measures of length was then as follows : the breadth (not the 
length) of four btuley-corns make a digit, or finger-breadth ; four 
digits make a palm (measured across the middle joints of the 
fingers) ; four palms are one foot ; a foot ond a hall is a cubit ; 
ten palms, or two feet and a half, are a step ; two steps, or five 
feet, are a pace ; ten feet are a perch ; one nundred and twenty- 
five paces are an italic stadium ; eight stadia, or one thousand 
paces, are an Italic mile ; four Italic miles are a German mile; 
and five Italic miles are a Swiss mile. It was then the practice 
to furnish standards of length in books by priming in them lines 
a foot or a palm long, according to the sire of the page, and 
from these and other data it appears that the foot then used on 
the continent of Europe had a length of about ten English 
inches. 

In England, the first attempts at scientific accuracy in matters 
of measurement date from the beginning of the seventeenth cen- 
tury, when John Greaves, who must be considered as the earliest 
of the scientific metrologists, directed attention to the differ- 
ence between the Roman and English foot by tolerably accurate 
determinations of the former, and also attempted the investiga- 
tion of the Roman weights. He was followed by Dr. Edward 
Bernard, who wrote a treatise on ancient weights and measures 
about 1685, and towards the end of the century the measure- 
ments of the length of a degree by Picard and J. I). C assini 
awakened the attention of the Trench to the importance of 
rigorously exact standards. In considering the progress of 
(Whence with respect to standards of length, we may safely confine 
our inquiries to the English yard and the French toise and 
metre, for during the last two hundred years they have been j 
almost the only standards adopted in scientific operations. ' 

The English measures of length have come down irom the 1 
Saxons, but the oldest standr^rds now existing are the Exchequer | 
yards of Henry VII, {1490) and Elizabeth (1588). These are 
(>oth brass-end measures, the former being an octagonal rod 
about half an inch in diameter, very coarsely nia<ie, and as ruddy 
divided into inches on the right-hand end and into sixteenths of 
a yard on the left-hand end ; the latter a square rod with sides 
about half an inch wide, also divided into sixteenths of a yard, 
and provided with a brass bed having end- pieces between which 
the )mrd fits. One end of the bed is divided into inches and 
half-inches. Francis Baily, who mw . this Eluabet ban standard 
speaks of it as " this curious instrument, of which it is 
impossible, at the present day, to speak too much in derision or 
Contempt. A common kitchen poker, filed at the ends in the 
rpdest thonner by the most bungling workman, would make as 
good a standard. It has been bre^en asunder ; and the two pieces 
Eavebeen dove-tailed together j but so badly that the joint is nearly 
Oft loose aa that of a pair of tongs. The date of this fracture I 
could not aseeruin, it having occurred beyond tbe memory or 
kuourledge of any of the officers at the Exc^icquer. And yet, 
till wlfhin.the last ten year*, to the disgrace of this country, 
eoplca oflhis memre have been drculati^d all over Europe and 
Amei^ wfrH a |nuehmant document aa^mpanying them 
(dtav^v^ith a stamp diat cost* eadn^ive of official 

foesi ctvtifybg that they ate true oopie* of. the English 

lathi year 1749 oertath tnothbers of thi Eoyal Society of 
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London, and of the Rojal Academy of Sciences of Paris, pro- 
posed that, in order to facilitate a comparison of the scientific 
operations carried on in the two countries, accurate standards of 
the measures and weights of both should be prepared and pre- 
served in the archives of each of these Societies This proposi- 
tion having been approved, Mr. George Graham, at the msiance 
of the Royal Society, had two substantial brass rods made, 
upon W'hich he laid oflT, with the greatest care, the length of 
3 English feet from the standard yard kept at the Tower of 
London. These two rods, together with a set of troy weights, 
were then sent over to the I'aris Academy, which body, in like 
manner, had the measure of a French half-toise set off upon the 
rods, and keeping one, as previouNly agreed, returned the other, 
together with a standard weight of two marcs, to the Royal 
Society. In 1835, Baily declared this copy of the half-toise to 
be of little value because the original ioise-Halon was of iron, 
and the standard temperature in France differed from that in 
England. In his opinion the Frenclt should have sent over an 
iron half toise in exchanp^e for the English brass yard ; but this 
criticism loses much of ns force when it is remember^ that in 
1743 neither England nor France had fixed upon a temperature 
at which their standards were to be regarded as of the true 
length. On the return of the rod from Paris, Mr. Graham 
caused Jonathan Sisson to divide the English yard and the 
French half-toise each into three equal parts, after which the 
rod was deposited in the archives of the Royal Society, where it 
still remain*. Objection having been made that the original and 
legal standard yard of England was not the one at the Tower, 
but the Elizabethan standard at the Exchequer, the Royal 
Society requested Mr. Graham to compare his newly-maclc scale 
with the latter standard, and on Friday, April 22, 1743, he did 
so in the presence of a Committee of seven meml>ersof the Royal 
Society. In the following week the same gentlemen compare<l 
the Royal Society's scale with the standards at Guildhall.and 
the Tower, and also with the standard of the Clock makers’ 
Company. These comparisons having shown that the copy of 
the Tower yard upon the Royal Society ^ scale \vasalx)ut 0 0075 
of an inch longer than the standard at the Exchequer, Mr. 
Graham inscriberl upon the Royal Society N scale a copy of the 
latter standard also, marking it with the lettcri Kxch., to dis*- 
tinguisb it from the former, which was marked E. (English), and 
from the half-toise which was maiked l'\ (French). 

In the year 1758 the House of Commons appointed a Com- 
mittee to inquire into the original standards of weights and 
measures of England ; and, under instructions from that Com- 
mittee, the celebrated instrument -maker, John Bird, prepared 
two brass rods, respecting which the Committee speak as follows 
in their Report : And having those rods, together with that of 
the Royal Society, laid in the same place, at the receipt of the 
Exchequer, all night with the standards of length kept there, to 
prevent the variation which the difference of air might make 
upon them, they tbe next morning compared them all, and, by 
the ute.ans of beam compasses broui^ht by Mr. Bird, found theni 
to agree a* near as it was possible." One of ihe^ rods was 
arranged as a matrix for testing end- measures, and the other was 
a line measure which the Committee recommcncled should be 
made the legal standard of England, and which has since been 
known as Biid’s standard of 1758. Respecting the statement 
that after lying together all night the rods were nil found to 
agree as near as it was possible, Baily says : ** This is somewhat 
remarkable, and requires further explanation, which unfortunately 
cannot now be accurately obtained. For it is notorious that the 
measure of the yard of tbe Royal Society's scale differs very con- 
siderably from the standard yard at the Exchequer. . . . Owing 
to this singular confusion of the lengths of the mt azures, whicli 
does not appear to have been unravelled by any suljsequent 
Committee, it ho* happened that the Imperial standard yard 
... has been assumed nearly i -r 140 of an inch longer than 
the ancient measure of the kingdom." There is little difficulty 
in surmising what Bird did. The Exchequer standard consisted 
of a rod and iU matrix. The Royal Society'* Committee 
assumed the rod to be the true standard of 36 inches, and upon 
that awumplioo Graham’s measuremenia gave for the length of 
the matrix 36 ' 0 tq 3 inches, and for the length of the Royal 
Society** yam 36-0075 inches. The Parliamentary Committee 
of 1758 pmbabJy assumed the standaixl to consist of the rod and 
matrix tqgetber, which seems the better view ; and by laying the 
rod ifi its matrix, and measuring to the joint between them, Bird 
would have got a length of about 36*0051 Inches. The mean 
between that and 36*0075 would be 36*0063, which differs very 
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little from the length of Bird’s standard resulting fro n SirGeoiige 
Shuckhnrgh’s measuremeats. Thus the Committee^* siatement 
iajuatihed, and there has been no faUihcation of the ancient 
atandar4s. 

On Decern W i, 1758, Parliament created another Committee 
on Weights atm Measures, which, in April 1750, repeated the 
'recommendation that Bird’s standard of 1758 should be legal iaetl, 
and further recommended that a copy of it should l>e made and 
deposited in sonic public office, to he used only on special occa- 
ftions. The copy was made by Bird in 1760, but, owingj to cir- 
cumstances entirely unconnected with the subject, no legislation 
followed for sixty Tour years. 

The Royal Commission appointed during the reign of George 
llh to consider the subject of weights and measures, made its 
first Report on June 24, 1819, and therein recommended the 
adoption of the standard of length which had been used by 
•^neral 3 ioy in measuring the base on Hounslow Heath ; but in 
a second Report, made July 13, 1820, they wrote We . . . 
have examined, since our last Bcporl, the relation of the best 
authenticated standards of length at present in existence, to the 
instruments employed for tneasiirinc the base on Hounslow 
Heath, and in the late trigonometrical operations ; but we have 
very unexpectedly discovered that an error has been committed 
in the construction of some of these instnmidhts. We arc there- 
fore obliged to recur to the originals which they were intern led 
to represent, and we have found reason to prefer the Parlia- 
memary standard executed by Bird in 1760, which we had Hot 
before received, tioth as being laid down in the most accurate 
manner, and as the Inrst agreefog with the most extensive com- 
parisons which have been nlthevto executed by various observers, 
and circulated through TCurope ; anri in particular with the scale 
employed by the late Sir George Shuckburgh.’' 

Accordingly, when in 1824 Parliament at length took action, 
Bird’s standard of 1760 was adopted instead of that of 1758. 
The Vomer being a copy of a copy, its selection a^ a national 
standard of length seems so singular that the circumstances 
wliich brought about that result should scarcely be passed over 
in silence, Bird had a very accurate brass scale 90 inche; long, 
which he used in all his dividing operations, whether upon 
circles or straight lines, and which Dr. Maskelyne said was oxxji 
of an inch shoiter on 3 feel than (iraham’s Royal Society 
yard E, In the year 1792, or 1793, the colcbnited Edwaid 
Troughton made for himself a sToot scale, which conformed to 
Bird’s, and which he afterwards useil in laying down the divi- 
sions of the various instrun cU'i that passed through his hands. 
This was the original of all the standard scales he ever made, 
and at the beginning of the present century he believed these 
copies, which wete made by the aid of micrometer microscopes, 
to he so exact that iio variations could possibly be detected in 
them, cither from the’oWginal or from each other. Among the 
earliest of the scales su made by Troughton was the c n3 U'cd hy 
Sir Gcorj^e Shuckburgh in 1796 -98 in his important scientific 
operation’s ftw the improvement of the standards. Subsequently, 
the length of the metre was determined by comparison with this 
acale and with the supposed facsimile of it made by Troughton 
for Brof. Pictet, of Geneva ; and thus it happened that on the 
continent of Europe all measures were converted into English 
units l>y n i-efermce lo Sir George Shnekburgh’s wale. The 
Royal Commission of 1819 believed Bird's standard of 17^10 
IfC identical with Shuckhurgh’s scale, and they legalized it rather 
than the standnrtl of 1758, in order to avoid disturbing the value 
-of the English yard, which was then generally accepted for 
scientific purposes. 

There are yet fiwr other scales of importance in the history of 
English standards— namely, the brass 5-foot scale made for Sir 
George Shuckburgh by Troughton in 1796 ; two iron standard 
yards, marked lA and 2A, made for the lCnigb’'h Ordnance 
-Survey Department by Messrs. Troughton and Simms in 1826- 
27 ; and ihe Kqyal Society's standard yard, constructed by Mr* 
George Dollond, under the direction of Capt* Uenry Hater, in 
1831. 

Bearing in mind the preceding history, the genesis of the 
present English standard yanl may be thus sumnnarised. In 
174 a, Graham transforred^o a bar made fhe $ 6 cidty' k 

Itngth which he iftten4ed ehoiwld bo that of the Tower yatd^ but 
which wa» really intermediafo ^tween Eachequoi- standard 
yfard of Elimbcth and its , That length ho marked with 

the letter E, amh although destUnte of legal authority* tt ^s 
hntnodiately accepted as the scienbdc standard* ah4 wsa bppiod 
Tby the famous inswwnent-makers of the time with all Ihe 


accuracy then attainable, Thus it is In fact the prototype to 
which all the accurate scales made in England between 174* and 
1850 can be traced* Bird’s standard of 1758 was compared whh 
the Exchequer siandurd and w'lih the Royal Society's yawl E,, 
and was of a lenc^lh between the two. Bird’s standard of 1760, 
legalized as the Imperial standard, in Tune 1824, wn^ copied 
from his standard of 175S, After becoming the Imperial 
standard, Birds .standard of 1760 was compared whh Sir 
George Shuckburgh’s scale by Capt, Kater, in 1830, aud hy Mr, 
Francis Baily, in 1S34; with the Ordnance yards lA and 2 a, in 
1834, by Eieut, Murphy* R.E., Lieut, Johnson, R,N., and 
Messrs, r. Baily and Donkin ; and with Hater’s Royal Society 
yard by Capt. Kater, in 1831. On October t6, 1834, the Im- 
perial standard (Biitrs standard of 1760) was destroyed by the 
burning of the Houses of Parliament, in which it was lotlged ; 
and very soon thereafter the l„ordsof the Treasury look measures 
to recover its length. Preliminary inquiries were begun f^n 
May ir, 183S'; and on June 20, 1843, they resulterl in the 
appointment of a CqmtnUsion to superintend the construction of 
new Parliamentary standards of length and weight, among whose 
members the Astronomer- Royal (now Sir George B. Airy), 
Messrs. F. Baily, R, Sheepshanks, and Prof. VV. H. Miller* 
were prominent. The laliorious investigations and expenmeiita 
carried <nu by that Commission cannot be descrilwtl here, but it 
will suffice to say that for determining the true length of the new 
standaid Mr. Sheepshanl^s employed a provisional yard, marked 
upon a new brass bar designated “ llrass 2,” which he comparod 
as accurately as possible with Sir George Shuckburgh ’s scale, 
the two Old nance yards, and Kater ’s Royal Society yard. The 
results in terms of the lost Imperial standard were as follows : — 

Brass bar 2 =3 36*000084 from corupafisem with Shuckburgh’)* sratc, 0-36 in 

36*0'x>j8ti ,, ,, ,, 10-46 >n. 

from comparison »ilh the Ordnance yard, ja. 

:4ti<K>o-i73 ,, ,, _ ,, aA. 

46 OCJOJJ9 from Cap** Kater* j Royal Sot-lcty yard- 

Moan ^ j6 000534 

Respecting (his mean, Mr. Sheepshanks wrote : — 7'his shotilil 
be pretty near the truth ; but 1 prefer 36 00025, such a 
matter .such a difference be worth notice. 1 propose, therefore, 
in constructing the new standard to assume that — 

a sd 36'fK)or5 inches of lo-it Itnp«riat sLtindarJ at T,’* 

And iq>ori that ha is the standard now in use was conslructed. 

Turning now to the French standards of length, it is known 
that the ancient i&is*: df of Paris was probably thetaiseof 

Charlemagne (A.n. 742 to 814), or at least of some Emperor 
Charles, and that its itahn was situated in the cointyard of the 
old Chateiet, on the outside of one of the pillars of ilie building* 
It Btill existed in 1714, but entirely falsified by the bending of 
the upper part of the pillar* Jn 1668 the ancient toise of the 
masons was reformed by shortening it five lines : but whether 
this reformation was an arbitrary change, or merely a change to 
remedy the effects of long use and restore the Hahn to con- 
forrnity with some more carefully-preReived riandard, is not 
quite clear. I'hese old batons were iron bars having their two 
ends turned up at right angles so os to form iahm^ and the 
standardizing of on<l meastires was effected hy fitting them 
iwtween the talons. Being placed on the outside of some public 
building, they were exjmsed to wear from oonstani use, to rust, 
and even to intentional injury by malidoua iTcrsons, Under such 
condition ■( every Hahn would* WKincr or later* become too long 
and require shortening. 

Respecting the ancient toUe of the mason* there are two con- 
imdiclory stories. On December 1, 1714, La Hjreshowetl to 
the French Academy what be characterized as a very anciept 
instrnraent of mathematics, wliich has been mode by one of our 
most accomplished workmen with very great cate, where the 
foot is marked, and which has served to re* establish the tpife of 
the Ch 4 ielet, as I have been informed by our old tnathe- 
maiiciarw." Forty-four vear* later* on July 29, 1 . 75 ^ La 
Condamine staled to the Acoderny that We know only oy tm- 
diiion that to adjust the len^h of the new standard, iha wUuh of 
the arcotleof interler gafo of the grand pavBiosi, which served os 
an entrance to the old Louvre* on the side of the rue Ftomeiitee«» 
was used. This otpening* accordbiff to the plan, should 
been i z feet wMe* Half of k was taken to fot tha length of the 
new toise, wbith thus became five Htie| shorter than the old 
one*” Of these twb oontmdicitosy stfUemehte that of li Hire 
seems alto^thor snost truatworthy* and the xudinOty inudd* of 
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that it should be accepted to the exclusion of 

the other. 

r III 1668 ihe Hahn of the new toisr» since known a« the 

du CkMtht^ was fixed against the wajl at the foot of the 
staircase of the ^'ond ChdtelH di by wliom or at what 

season of the year U hot known Strange as it now seems^ this 
siandard-^very rotrghly madei cxjiosed in a pubJic place for use 
or ablise by everyb^y, liable to rust, and certain to lie falsified 
Iw constant wear — was actually used for adju-ting the toise of 
Heard, that of Cassini, the toise of Pejti and of the North, that 
of I-a C^ille, that of Mniran ; in short, all the toises emploj^ed 
by the Preneh in their geodeticoperationsduring iheseventecnth 
and eighteenth centuries. I'he lack of any other recognized 
standard made the use of this one imperative, but the French 
Academicians were well aware of its defecis, and took precau- 
tions to guard gainst them. 

The first toise copied from the Hahm of the ChAtelet for 
scientific purposes was that used by Picard in his measmement 
of a degree of the meridian between Paris and Amiens. It was 
made nbuui the year 1668, and would doubtless have become the 
scientific stand nr<l of France had ii not unfortunately di8appcai‘ed 
before the degree measurements of tlie eighteenth century w'ere 
begun* The second toise cojiied from the of thtf ('ndtelet 
for Scientific pni poses was that used by Messrs, Godin.. Bouguer, 
and La Condamine for measuiing the base of their aic of the 
meridian in Peiu. 'I'his toise, since known as the A»/Vf/V/ /Vrpw, 
was made by the artist LatigJois under the immediate direction 
of Godin in 1V35, and is still preserved at the I’at is Observatory. 
It is a rectangular bar of polished wi ought iron, having a breadth 
of I ‘58 English inches and a thickness of o'jo of an inch. All 
the other toises used by the Academy in the eighteenth century 
were compared with it, and, ultimately, it was made the legal 
standard of France by on order of Louis XV,, dated May 16, 
1766. As the tobc of Peru is the oldest authentic copy of the 
toise of the (.'lifitelct, the effect of this order was sim]jly to 
perpetuate the earliest known stale of that ancient standard. 

The metric system originated from a motion made by 'Palley* 
rand in the National Assembly of France, in 1790, referring the 
question of the formation of an improve<I system of weights and 
mea-^urts, based upon a natural constant, to the French 
Academy of Sciences ; and the preliminary work was intrusted 
to five of the most eminent mend>ers of that Acailemy— namely, 
Lagrange, L*aplacc, Borda, Monge, and Condorcel. On Mioch 
19, 179L these gentlemen, together with Lalande, presented to 
the Academy a Keport containing the c 'mplele scliemc of the 
metric system In pursuance of the recommendations in that 
Report the law of March 26, 1791, was enacted for the con- 
struction of the new system, and the Academy of Sciences was 
chained with tJie direction of the necessary operationb. I'liossC 
requisite for the construction of a standard of length were ; *- 

(1) I’he determination of the difference of latitude between 
Dunkirk and Baicelona. 

(2) The jcmeasurement of the ancient bases whicli had served 
for the nieasurcmeiU of a degree at the latitude of Paris, and for 
making the map of France, 

(3) Tht: verification by new observations of the series of 

triangles employed for measuring the meridian, and the pro* 
loDgatioft of them as far as Bai celona* “ 

This work was intrusted to M^chain and Delambre, who 
carrietl it on during the seven years from 1791 to I79>, notwitb- 
staoding many great difficulties and dangere. The unit of length 
adopted in their o^temtions was the toise of Pcin, and from the 
arc of 9"* 40'' 45"' actually mcMSured, they inferred the length of 
an Arc of the meridisn oxiending fromi the eqtiaitn to the Pole 
to be 5^1 30,740 toises. As the metre was to be 1/10,000,000 
of that diMance, Us length was nrade o’5 130740 of a toise, or, 
id the language of the Committee, 443*296 lines of the toise of 
Peru at a temi^jraturc of 13" Reaumur (tfit** C or 6li® F.). 

Befbre anempiing lo estimate how accurately the standards 
wc have been coiwidedn^ were imerconipaml, it will be well 
to describe brl^y the methods by which the coittparisoas were 
effected*; 1742, Graham Used the only instruments then 
kUowft the vei^ exkct beam compasBes of 

varinua havifig paralfei jawo for taking the leiigihs of 

another #iTh rounded endi fior taking the 
leagtbOf of the hoBoH' bedx, and trtJH another having fine points 
in the.aimal tteiUthf r. The jawa, oV points, of oil tbeae mstm- 
movable hy mferumeiAr scre^vs having beads divided 
to the eig^t'hundrcdih part directly, nnd the 

temHof tbftf quantity by eafirrifttion ; but Mr.. Graham did not 


consider that the measurements could be deiJendcd upon to n 
greater accuracy than r/i6oo of an inch, 

Tioughton is generally regarded as the author of (he applica- 
tion of micrometer mtciOBCopes to the cempnrison of standards 
of length, hut the earliest record of their use for (hat purpose is. 
by Sir George Shuckburgh in hia woik for the improvement of 
the standards of weight and iieaBiiie in 1796-98. Since then 
their use has bten general ; first, because lh«7 are more 
accurate than beam compasscH, and, second, becnine they avoid 
the injury lo standard scales which necessarily results from 
placing the points of beam compasses upon their graduations. 
As ibe objective of the microscope forms a magnified image of 
the standard, upon which the micrometer wires aie set by the 
aid of the eye piece, it is evident that in order to leduce the 
effect of imperfectionfi in the luicromelcr, the otijectiw should 
have the largest praciicable magnifying power. To show the 
progress in that direction, the opiicnl constanis of the miao- 
scopes, by means of which some of the most important 
standards have been compnied, arc given in tlie accompanying 
tabic. 
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'Ihc mJLiMfyini^ lower of .Sir ll<o Sluicl.Mitjljh'h in.rroscopc 
neoms to be referretf loiiUinance of tj inche».f()r do tint I vi^t on. (liepnM»or% 
iiirl <sed in pirenthcws iu« estn-nntrd upon ilie asbumption tiul llis: respcClive 
mkrotiictcr screw .4 had loo thre.^d.. prr inch. 

In the Memoirs of (he French Acndemy nothing is said 
rc*»)iecting the method adopted by the Academicinns lor com- 
paring their various toises; but in hi-^ “Astronomy/' Lalande 
states that the comparisons were efVecled p.arl!y by beam com- 
passe-, and partly by super [>0Mng the toises upon each other 
and examining ilieir ends, Ijolh by touch and with magnifying 
glasses, they being all end standards. For the definitive adjust- 
ment of the length of Ihcir melics, which were also end 
standards, the French Metric C'ommission used a lever compaialor 
by I^noir. 

In 1742, Graham used beam compasses, which he considered 
trustworthy 100 00062 of an inch, in comparing «landav<ls of 
iengtii ; but ttl that time the French Academicians made their 
comparisons of toisc.s only to one-iwentieih or one- thirtieth of a 
line, bay 0 00300 of an inch, anti it w-as not until 1758 that 
Condaroiiie declatcd they should be compared to o‘or of a line, 
or 0*00089 of an English inch, “ if our senses, aided by llie most 
perfect instruments, can aliain lo that.” Half a century later, 
ten times that accuracy was attained liy the lever comparator of 
Lenoir, which was regarded as trustworthy to o 00007 7 of an 
inch (** Base du Syst^me Metrique/' t. iii. pp. 447-62). 

The heads of mirrorneter microscopes are usu.illy divided into 
100 equal pans, and if we regard one of these parts as the least 
reading of a microscope, then in 1797 Sir George Shuckburgh's 
microscopes read to 1/I0,cxxi of nii inch ; and the least reading 
of microscopes made since that dale has varied fiom i/20,0OO ' 
to ll/3S,O0O of on inch. A few investigators, among whom may 
be mentioned Frof. W. A. Rogers, of Colby University, have 
made the least rending of their micr jscopes smalt as 1/90,000 
of an inch, but it ia dqfitbtful if there is any advantage in so 
doing. At the preaettl day the errors committed in comparing 
standards arise, not from lack of power in the microsco|?es, but 
from the difficulty pf determining sufficiently exactly the tempera* 
turc of the standard bars, and the effect of flexure upon the 
position of their graduations. In order to ascertain the length 
of a 3-fooi staiKlnrd with an error not exceeding 0*000020 of an* 
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incbi it» tempeiikture mtist be koown to o^'o6 F, if it k othrtMf 
ot to xjo F* if it is of iron* To get thermometers that will 
indlcAte their own temMrature to that de^p^e of accuracy is by 
no means easy, but to determine the temperature of a bar from 
iheir readingsti^s far more difhcuU* Againi we imagine the 
length of our standards to follow their tempera'.ure ri^rously» 
but what proof is there that such is the case? If we determine 
the freeuog point of an old thermometer, then raise it to the 
temperature of boiling water, and immediately thereafter a^ain 
determine irs freecing^point, we inirariably find that the freezing- 
point has fallen a little ; and we explain this i>y saying that the 
glass has taken a 'set, from which U requires time to recover. 
T't it not probable that an effect similar in kind, although less in 
degree, occurs in all solids when their temperature is varying? 
When we look at the highly polished terminals of an end- 
standard, we are apt to regard them as mathematical surfaces, 
separated by an interval which is perfectly definite, and which 
could be measured with infinite precision if we only had the 
necessary instrumental appliances ; Imt is that a correct view ? 
The atomic theory answers emphatically, No. According to it, 
all matter consists of atoms, or molecules, of a perfectly definite 
sire, and with definite intervals between them ; but even if 
that is denied, the evidence is now overwhelming that matter 
wnot homogeneous, but possesses a grain of some kind, regu* 
larly repeated at intervals which Cannot be greater than 
1/2,000,000 nor less than 1/400,000,000 of an inch. Accordingly 
we must picture our standard bar as a conglomeration of grams 
of some kind or other, having magnitudes of the order specified, 
and alt in ceaseless motion, the amplitude of which depends 
upon the tcmpeiature of the bar. To our mental vision the 
polished terminals are therefore like the surface of a pot of 
boiling water, and we recognize that there must be a limit to the 
accuracy with which the interval between them can be measured. 
Asa basis for estimating how near this limit we have approached, 
U will suffice to say that for fifty years past it has been customary 
’ to state comparisons of standards of length to i/ico,oqo, of an 
inch. Nevertheless, most authorities agree that, although 
1/100,000 of an inch can be distinguished in the comparators, 
1/25,000 of an inch w about the limit of accuracy attainable in 
comparing standards. Possibly such a limit may be reached 
under the most favourable circumstances, but in the case of the 
yard and the metre, which are standard at different temperatures, 
<he following values of the metre by observers of the highest 
repute render it doubtful if anything like that accuracy has yet 
been attained 

i8i8 Capi. Henry Kater 39 37079 inches. 

1866 General A. K. Clarke ... 39 ’37043 „ 

1883 Prof. \Vm. A. Rogers ... 39*37027 „ 

1S85 General C* B. Comstock . . 39*36985 „ 

The eerliest standard of English weight of which we have any 
very definite knowledge is the Mint pound of the Tower of 
London. It w^ighed 5400 troy grains, and the coin^e was 
regulated by it up to the year 1527, when it was abolished in 
favour of the troy pound of 5760 grains. Contemporaneously 
with the Tower pound there was also the merchant's pound, 
whose exact weight is now involved in so much doubt that it is 
impossible to decide wlicther it consisted of 6750 or of 7200 
grains. The Tower pound and the troy pound were used for 
Weighing only cold, silver, and drugs, while all other commodi- 
ties were wcigm;d by the merchant's pound until the thirteenth 
or fourteenth century, and after that by the avoirdupois pound. 
It is not certainly known when the troy and avoirdupois pounds 
were introduced into England, and there is no evidence of any 
relation between them when they first became standards. The 
present avoirdupois pound can 1^ clearly proved to be of similar 
weight to the standard avoirdupois pemnd of Edward 111 . 
{a. o. i327-7y)> and there is good reason for believing that no 
sabstantial cAtaoge has occurred either in Its weight orln that of 
the troy pohnd since their respective establishment as standards 
in England. 

The oldest standard weights now existing in the English 
archives date frona the rei^ of Queen Elizaftth, timd opnaist of 
a set of belt shaped avqirdnpois weights of 56, 26, and Y4 pounds, 
made In 1582, and 7, 4, 2, and 1 pounds made in 1588 ; a set of 
fiat circular avoirdupois we^hts pf 8, 4, a, and i pounds, ^nd 
8, 4, 2, t, I, i, I, and ^ ounces, made in 1588 ; and a set of 
cip-shaped tr(^ weighs fitting bae within t]be other, of 256, 
tan, 64, 32, 16, 8, 4* h 4 , i, i (hollow) and 4 (solid) oiwtces, 
also made In 1588. All these standards were e<msnncted by 


order of Queen Elisabeth, under the direction of a jhry composed 
of eighteen merchants and eleven goldsmiths of l^don, the 
avoirdupois weights being adjusted aocorriing to an ancient 
standard of 56 pounds, remaining in the Exchequer from the 
time of Edward 111 . ; and the troy Weight being adjusted 
according to the ancient standard in Goldsmiths' Half. 

In view of the fact that the weight mentioned in all the old 
Acu of parliament from the time of Edward I. (a.d. 1274-1307) 
is vniversally admitted to be trtiy weight, the Parliamentary 
CoKimittee of 1758, appointed to inqmre into the original 
standards of weights and measures In England, recommended 
that the troy pound should be made the tin it or standard by 
which the avotrdupoU and other weights should l)e regulated ; 
and by their order three several troy pounds of soft gun -metal 
were very carefully adjusted under the direction of Mr. Joseph 
Harris, who was then Assay Master of the Mint. To ascertain 
the proper mass for these pounds, the Committee caused Messrs. 
"Harris an<l Gregory, of the Mint, to perform the following 
ojicrations in their presence 

(1) In the before-mentioned set of troy weights, made in 1588, 
which were then the Exchequer standard, each weight, from 
that of 4 ounces up to that of 256 ounces was compared suc- 
cessively with the sum of all the smaller weights ; and by a 
process for which no valid reason can be assigned, it was con- 
cluded from these weighings that the troy pound camp^sed of the 
8 and 4 ounce weights was 14 grains too light. 

(2) The aforesaid 8 and 4 ounce weij^hts of the Excliequer 
were compared with five other authoritative troy pounds, four of 
which belonged to the Mint and one to Mr. Freeman, who, lil<e 
his father before him, was scale-maker to the Mint, and from the 


mean of these weighings it appeared that the sum of the 
Exchequer 8 and 4 ounce weights was i grain too light. 

The Committee adopted the mean between the latter result 
and that which they bad deduced from the Exchequer weights 
alone, and accordingly Mr. Plarris made each of his three troy 
pounds grains heavier than the sum of the Exchequer 8 and 
4 ounce weights ; but sixty-six years were destined to elapse 
before Parliament took action respecting them. 

The Commissioners appointed in I5t8 to estabUsh a more 
uniform system of weights and measures repeated the recom- 
mendations of the Committee of 1758, and as the avoirdupois 
pound which had long been used, although not legalized by any 
Act of the Legislature, was very nearly 7000 troy grains, they 
recommended that 7000 such troy grains be declared lo consti- 
tute a pound avoirdupois. These recommendations were embodied 
in the Act of Parliament of June 17, 1824, and thus one of the 
troy pounds made in 1758 became the Imperial standard. That 
standard, like Bird's standard yard, was deposited in the Houses 
of Parliament, and was burned up with them in October 1834. 

The present English standard pound was mode in 1844-46 
by Pror. W. H. Miller, who was one of the members of the 
Commission appointed in 1843 to superintend the construction 
of the new Parliamentary standards of length and weight 
destined to replace those destroyed in 1834, A number of 
weights had been very accurately compared with the lost 
standard ; namely, in 1824 or 2825, by Capt. Kater, 5 troy 
pounds of gun-meUd, destined respectively for the use of the 
Exchequer, the Royal Mint, and the cities of London, Edin- 
burgh, and Dublin ; and in iSsp, by Capt. vott Nehus, two troy 
pounds of brass and one of platinum, ail in the custody of Prof.. 
Schumacher, and a platinum troy pound belei^ing to the Royal 
Society. The first step fpr recovering th4 mass of the lost 
standard was manifestly to compare these weights among them- 
selves, and upon so dmng it was found that for the brass and 
gun-metal weights the discrepanpies between the weighings 
made in 1824 and 1844 amonp^d to 0*0226 of a grain, while for 
the two platinum weights the dis^ejpancies between the weigh- 
ings made in 1829 and 2845 was only 0-00019 a grain, Wth 
a single exception, all the brass or gun-metal weiditsi bod 
become heavier since their first comparison with ihe Joat 
standard^ (he change being probably due to oxkUtioa^.of their 
surfaces, and on 5 iat account the new stoxidard 
depend solely upon the two pjatmum wej^^ts. For oatt^ftiepce 
of reference these M^lghts were de^gnatedrespeotively 
macKer'a platinutOf and ES (RdVol Society). A 
plrninum troy pound, T, interrnedmte in mcUut ^ M 

k 5 was next prepaied, and from 286 maae in 

January, February^ jniyiaad Augiist, 18454 it was ftmhdvtheiln 
a vacuum ' 
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while from |ft2 comparlftons made in January, July, and 

Attguat, t$4$i 

T = RS - 0*00429 grain. 

By combining these values with the results of the weighings 
nuuk in 1824-29— namely, 

S;^ = U - 0 52956 grain, 

HS ss U - 0*52441 grain, 

where U designates the lost standard — the comparisons with J?/ 
gave 

T = U - 0*52851 grain, 
while those with RS gave 

T sss U - 0*52870 grain. 

To the Rrst of these expressions double weight was assigned, 
because the comparisons of T and U with S/ were about twice 
as numerous as those with KS. The resulting mean was 
therefore 

T = U - 0*52857 grain « 5759 * 47^43 grains, 

and from that value of T the new standard avoirdupois pound of 
7000 grains was con-tructed. 

From some time in the fifteenth century until the adoption of 
the metric system in August 1793, the system of weights em- 
ployed in France was the fouis d€ marc^ having for its ultimate 
standard ihe pile t/t* Charlemagne, which was then kept in the 
Mint, and is now depoMted in the Conservatoire dcs Arts ei 
Mdtiers. The table of this weight was 

72 grains = i gros == 72 grains. 

8 gros = I once = 576 ,, 

8 onces = j marc =s 4608 
2 marcs = i livre = 9216 ,, 

The origin of the ///r tie diarlcmagne is not certainly known, 
but it is thought to have been made by direction of King John 
(A.O. 1350-64)- R consists of a set of brass cup- weights, fitting 
one within the other, and ihc whole weighing 50 marcs. The 
nominal and actual weights of the several pieces arc as 
follows 
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In determining the relation of the paUh de marc to the nietric 
weights, the Committee fpr the Construction of the Kilogramme 
rqjarded the entire fJedt Ckarletnei^ne a standard of 50 marcs, 
and considered the individual pieces as subject to the corrections 
stated. On that basis they found 

I kilogramme 18,827*15 French grains 

and as a kUagramme i$ equal to 1 5,432 *34874 English troy grains, 
we have 

1 livre, de marc »= 7554*22 iroy grains. 

« 489*503 grammes. 

The metric standard of weight, called a kil<^ramme, was con- 
structed under the direction of the French Academy of Sciences 
simultaneously with the metre, the work being done principally 
by Lenbre-Cxineau and Borda# was intended that the Ulo- 
grainme should have (he tame dlita as a cubic decimetre of pure 
waier at maximum density, and tlto experimental determination 
of that was made by finding the difierende of weight in air 





dtfihrence of weight In question woe first 
thnus of oerUinJiUn^s weightSi by the aid of which 
Arthivds was subsequently cOn- 
Iftbeb to apply the corrections 
alt tne, weighings to/ what th^ would 
etede in a vacaum (^*^Bas« da Sysitoe 


The best results hitherto obtained for the weight of a cubic 
decimetre of water, expressed in terms of the kilogramme of the 
Archives, are as follows ^ 


Date. 

Cv untry. 

1 

1 Observer. 

{ 

1 

1 

Weight of 
a cubic deci- 
metre of 
water at 
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i 
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These results show the extreme difficulty of determining the 
exact mass of a given volume of water. The discordance between 
the different observers amounts to more than one part in a 
thousand, while ^ood weighings are exact to one part in eight or 
ten millions, \Vubout doubt two weights can be compared at 
least a thousand times more accurately than either of them can 
be reproduced by weighing a specified volume of water, and for 
that reason the kilogramme, like the English pound, can now 
be regarded only as an arbitrary standard of which copies must 
be taken by direct comparison. As already stated, the kilo- 
gramme is equivalent to 15,432*34874 English troj' grains, or 
about 2 pounds 3 ounces avoirdupois. 

In consequence of the circumstance that the mass of a body is 
not affected either by temperature or flexure, weighing is an 
easier process than measuring ; but in order to obtain pilecise 
results many precautions are necessary. Imagine a balance with , 
a block of wood tied to its right-hand pan and accurately 
count ei poised by lead weights in its left-hand pan. If, with 
things so arranged, the balance were immersed in water, the 
equilibrium would be instantly destroyed, and to restore it all 
the weights would have to be removed from the left-haml pan, 
and some of them would have to be placed in the right-hand 
pan to overcome the buoyancy of the wood. The atmosphere 
nehaves precisely as the water does, and although its effect is 
minute enough to be neglected in ordinary business affairs, it 
must be taken into account when scientific accuracy is desired. 
To that end the weighing must either be made in a vacuum, or 
the difference of the buoyant effect of the air upon the substances 
in the two pans must be computed and allowed for. As very 
few vacuum balance.s exist, the latter method is usually em- 
ployed. The data necessary for the computation are the latitude 
of the place whore the wcigliing is made and its altitude above 
the sea-level ; the weights, specific gravities, and coefficients of 
expansion of each of the substances in the two pans ; the 
temperature of the ciir, its barometric pressure, and the pressure 
both of the aqueous vapour and of the carbonic anhytlride 
contained in it. 

Judging from the adjustment of the pile tie Charlemagne, and the 
Exchequer troy weights of Queen Elizabeth, the accuracy attained 
in weighing gold and silver at the mints during the fourteenth, 
fifteenth, and sixteenth centuries must have been about 1 part 
in ro.ooo. The balance which Mr. Harris of the London Alinf, 
used in 1743 indicatetl one -eighth of a grain on a troy pound, or 
about one part in 50,000; while, accomingto Sir George Shuck- 
burgh, the balance used by Messrs. Harris and Bird in making 
their observations upon the Exchequer weijjhls, apparently in 
1758 Or 1759 , turned with 1/230,000 part of us load. In 1798, 
Sir George Shuckbur^h had a balance sensitive enough to 
indicate 0*01 of a grwn when loaded with 16,000 grains, or 
about one part in i,6co,coo. The balance used, by Fortin in 
1709, in adjuatiog the kilogramme of the Archives, was not 
quite so delicate, its sensitiveness being only the l.ooo,cooth 
part of its load ; but in 1844, for the adjustment of the present 
English standard pound, Prof, Miller employed a balance whose 
Index moved about o*oi of an inch for a change of 0*0C2 of a 
grain in a load of 7000 grains. He read the index with a micro- 
scope, and fimnd the probable error of a wngle comparison of 
two avoirdupois pounds to be j/12,000,000 of either, or about 
0*00058 of a gtaitL At the present time it U claimed that two 

* TUs tabu has b«en daducefi from the data given by Prof. ICUler w 
Pba 'I'rsiM., 1^36, p. 760. 
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^voir4up>i» p^an^U can be cooipfiired with an error not c^tceedmg 
^'oooa of a grain, and two Icitogrammes with an error not 
«acecding 0'O2 of a miUigramme* 

The mean aolar day ia the natural unit of time for the human 
race, and H .is untvor0a|i|ly adopM among all civilized nations. 
Our ultimate stand^^d W time is therefore the rotation of the 
•earth upon its axis, and from that rotation we determine the 
errors of our clocks and watches by astronomical observations. 
For many purposes it suffices to make these observations upon 
the sun, but when the utmost precision is desired it is better to 
make them on the stars. Until the close of the seventeenth 
century, mmdrants were employed for that purpose, and so Jate 
as i6^, Flamsteed, the hrst English Astronomer- Koyal, thought 
himself fortunate when he succeeded in constructing one which 
enabled him to be sure of his observed times within thiee 
•seconds.^ About 1690, Roemer invented the transit instrument, 
which soon superseded the quadrant, and stilt remains the l^e^t 
appliance for oelcrtnining time. Most of his observations were 
destroyed by a fire in 1728, but the few which have come down 
to us show that as early as 1706 he determined time with an 
accuracy which has not yet been very greatly surpassed. 
Probably the corrections found in the least square adjustment of 
extensive systems of longitude determinations afford the beat 
'Cdterion for estimating the accuracy of hrst-class modern time 
observations, and from them it appears that the error of such 
■observations may rise as high as ^ 0 05 of a second. 

During the intervals between sticccssivc observations of the 
heavenly bodies we necessarily depend upon clocks and chrono- 
meierii. for our knowle<lge of the time, and very erroneous ideas 
arc frequently entertained respecting the accuracy of their running. 
Tne subjuct is one upon which it is difficult to obtain exact 
information, but there arc few time pieces which will run for a 
week without varying more than three-quarters of a second from 
• theif predicted error. As the number of seconds in a week is 
6 o4,8!x>, this am Hints to saying that the best time-pieces can be 
trusted to ihea-sure a week within one part in 756,000. Never- 
theless, clocks and chroaomeiers are but adjuncts to our chief 
lime-piece, which is the wih itself, and upon the constancy of 
its rotation depends the preservation of our present unit of time. 
Early in this century Laplace and Poisson were believed to have 
proved that the length of the sidereal day hod not changjcd by so 
much as the 100th jtart of a scoon I during the last a5c3ki years, 
but later investigations »bow that they were mistaken, and, so 
far as we can now see, the friction produced by the tides in the 
o::ean must be steadily reducing the velocity with which the 
-eirth rotates about its axis. The change is too slow to become 
•amsible within the lifetime of a human being, but its ultimate 
-consequences will be most momentous. 


Ages ago it was remarked that all things run in cycles, and 
there is enough truth in the saying to make It as applicable now 
AS on the day it was uttered. Tiir Babylonian or Chaldean 
system of weights and measures seems to be the original from 
whid) the Egyptian system was derived, and is probably the 
most ancient of which we have any knowledge. Its unit of 
length was the cubit, of which there were two varieties —the 
natural and the royal. I’he foot was two- thirds of the natural 
cubit. Respecting the earliest Chaldean and Egyptian system 
of weights, no very satisfactory information exists, but the ;best 
authorities agree that the weight of water contained in the 
measure of a cubic foot constituted the talent, or larger «nit of 
weight, and that the sixtieth or fiftieth parts of the talent con- 
•stituted, respectively, the Chaldean and Egyptian values of the 
mina, or lesser ^ unit of commercial weight. Doubtless these 
weights varied cbttstdcrably at different times and places, just as 
the modern pound has varied, but the reUtions staM are 
1>elieved to have b=en the original ones. The ancient Chaldeans 
used riot jritdy )iho decimal system of notation, which is evidently 
the primi^y^he, but also a duodecimal system (os shown by 
the divisi^ Wihe year into twelve months, the equinoctial day 
and nighieh^ info twelve hours, the zodiac into twelve signs, 
&C.), and a sj^agesiinal system (by which the houi* was dim «4 
into sixty mirintes/the si^ of the aodiac into thirty parts ihr 
degrees, and the (drclc into 360 degrees, with furiKetaexagedmd 
•ufidivision^)- The duodecimat and sexagesimal systeJrn^ tb 
liave ncigmatediWitlx the Chaldjeofi AStronomeia* who, (qt sdhte 
reason which is not noV evident, preferred them to the decimal 
system, ynd by the freight of theft scientific atuhprhv Impressed 
them upon their syatem of weights and measures. " Now observe 

* Aobount of the R«v. Johh KlataMsed. By fraacU 
<lx)aiow, i 835 t +to-) 


how closely the scientific thought of to-day repeats the »cieQtific 
thought of four thousand years ago. Those old OMdeans took 
from the human body what they regard erl as a srina^le unit of 
length, and for their ttnit of mass they adopted a cube of water 
bearing simple relations |o their unit of lepra* Four thousand 
years later, when these simple relations had been forgotten and 
impaired, some of the most eminent men of sciench of the lost 
century again undertook the task of constnicting a system of 
weights and measurea * With them the duodecimal and 
gesimal systems were out of favour, while the deuiipal system 
was highly fashionable, and for that reason they subdividetl their 
units decimally, instead of duodecimally, sexagesiincdjiy, or by 
powers of two ; but they reverted to the old Chaldean device for 
obtaining simple relations between their units of lengthand .mass, 
and to that fact alone the French metric system owes its .survivals 
Everyone now knoWs that the metre is nm^the io,ooo,OQC>th 
part of a quadrant of (he earth’s meridUn ; m mathematical 
physics, where the numbers ore all so compUcAted that they can 
only be dealt with l;)y the aid of logarithms, and the constant w, 
an utterly irrational quantity, crops up in almost every integral, 
mere decimal subdivision of the units counts for very little. But 
in some departments of science, as, for example, chemistry, a 
simple relation between the unit of length (which deternaffiei 
volume), the unit of mass, and the unit of specific gravity, is of 
prime importance ; and wherever that is the case the metric 
system will be used. To engineers such relations are of small 
moment* and consequently among English-speaking engineers 
the metric system is making no progress, while, on the other 
hand, the chemists have eagerly adopted it. As the English yard 
and pound are the direct descendants of the Chaldean-Hahylonian 
nauiral cubit anil mina, it is not surprising that the yard should he 
only 0*48 of an inch shorter than the double cubit, and the avoir- 
dupois pound only 665 grains lighter than the Babylonian com- 
mercial mina ; but, considering the origin of the metric system, 
it is rather curious that the metre is only 1*97 inches shforter than 
the Chaldean double royal cubit, and the kilogramuae only 102 
grains heavier than the Babylonian royal mina. Thus, without 
much exaggeration, we may regard the present English and 
French fundamental units of length and maw as representing 
respectively the commercial and royal units of length and mass 
of the Chaldeans of 4000 years ago. 

.Science tells ua that the energy of llie solar system is being 
.slowly dissipated in the form of radiant heat ; that uUimately 
the sun will grow dim ; life Will die out on the plknets ; one by 
one they will tumble into the expiring sun ; and at last darkness 
and the bitter cold of the absolute zero will reign over all. In 
that far-distant future imagine some wandering human spirit to 
have penetrated to a part of space ImmtfasuraWy beyond the 
range of our most powerful telescopes, and there, upon an orb 
where the mechanical arts flohri#h as they, do here, let him be 
.asked to reptoducc the standards of arid time, with 

which we are now familiar. In thri prS^e ,of such a damsind 
the science of The seventeenth and would be 

powerless. The spin of the earth opr days and 

nights would be irretrievably gone 1 our riar rtjetre.s Orir 

pounds, our kilo trammeg would have tu^led wUh the . earth 
into the ruins of the eiin, and become part of ihe.tif^ns of the 
solar system. Could they be recoverea ftbm the dead past and 
live a^airt ? The science of all previtma agris answers. 

No ; but with the scierice of tne ninetej^h, flieBtuTy \t Is other- 
vri&c, I'he spectroscope has eaU;gfhC 'M throughout the 
visible universe foe oonaflt^on of mailer same. Every^ 

where the rhythinio the atome su*e B^olutely idenuoai, 

arul to them, and the lighlWi^ih they emit, out* V»tMidering spirit 
would tra for the recover jr of the long^fost Itrihdafda. By 
of a dinnvotion grotlrig and an occumte goniometer hp 
recover the yard livtti the wayri 4 engfo qf ligh^ lyith 

error not excifeding one or two thonsandil^A of an inSh. Water 
is everywhere, and With hU newly redqyeted yriird life; riridJd 
measut^e a qjbk foqt of it, and tbui ,|pOdver the qf* 

moss which we call a pound. The repp wy of bV 
time woufo' be more uifficriU ; bet 
plished with an error not exoeedjng' Half ii i ' ' " 

way w0ui4.be to perform Mich 
experiment, for detemfoiBg the « 

.would be to make a Siemenses 
ante, and then, either by.the k 
Lord Rajdeigh'g riipdificotibin . 

velocity which meneurtse Hi mfetabee 


another way wottld;^ tp find theifi^ 
electro-magnetic units of electricity, TM 
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la trftni|Wing tb.« world^s business could be made to re< 
if DOT' ^ith sciedtiBc, at least wUb commercial accuracy, 
un the other side of an abyss of time and space before which the 
human mind shrii^ks back in dumay. The scieuce of the 
e^hteenth century sooghl to render hself immortal by basing its 
Ktandazd units upon toe solid earth ; but the science of the 
ii'meteenth century soars far beyond the solar system, and con- 
flicts its miTts with the ultimate atoms .which constitute the 
u^veme itself, 


, SCIENTIFIC SERIALS. 

ThIC AMn^Uan, MfUQroh^cai /out^nal for July contains an 
artide by Tibf. H. A. Hozen on storms and n central ascending 
Cuffeut. The auijt^r disCusaes a few of the arguments for and 
against the theorie^f storm formation, viz. the theory of an ascen- 
sional current in centre of a storm, and that of the increase of 
energy, through the liberation of Ihtent heat and consequent pro* 
dubtion of a partial vacuum. Some of the conchisions arrived 
at are that the theories are exceedingly unsubstantial, and 
lhati above all things, positive information of the processes 
going on in upper air strata is neccssaiy ; that the dependence 
of the generation of storms on lempcraturQ distribuiion in a 
Vertical direction api>earS open to doubt ; and that, reasoning 
from the behaviour of ihunderjitorms, it seems possible that 
some electrical action, not thoroughly understood, supplies the 
force which keeps up their energy.*— Mr, A. L. Rotch contri- 
butes an article on the oiganiruition of the Meteorological Service 
in Holland. The Institute at Utrecht existrrl ns a private estab- 
lishment as early, as 1849, and its Director, Dr. Buys Ballot, first 
stated publicly in 1857 the relation between wind and atmo- 
spheric pressure in the law which l>cars his name. Dr. Buys 
Ballot has for many years endeavoured to combine trustworthy 
observations all over the world with each other, and has pub- 
Itshedj in his Year-book,^' detailed observations for various 
distant parts. Branch othces are established at Amsterdam and 
Rotterdam, and the collection of observations made at sea is 
actively cnrric<l on. At present the work hears upon the South 
Atlantic in connection with the Deutsche Seewarte, and, inde- 
pendently, upon the Indian Ocean."— Prof. C. F. Marvin con- 
tinues the discussion between himself and Prof. Hazen as to the 
cause of differences obudned in anemometer experiments. Prof, 
llazen attributes them to the influence tjf the natural wind 
blowing at the time, while Prof, Marvin thinks this of little im- 
ttorunce and calculates its effect by a formulo. He thinks that 
the momentum theory of the cups explains the diScrepancici in 
a satisTaciory manner.— Lieut. J. P. Finley contributes tornado 
statistics for the Stale of Iowa for fifty-two years ending t888. 

SOCIETm^ AND ACADEMIES, 

^ ;i DoBdon- 

Bntomologmaf August 7,— The Right Hon, Lord 

Walsinghom, F.K.S^ W^ent, in the chair.— Prof. C. V. 
Riley, of Wawogton, ysttA elected an Honorary FcUoiiV in place 
of the lain Dr. Signotet, of Paris. - -Mr, AV alter F, Blandford 
exhibited a ipeoimeb of taken at Tenby, 

and remarkaa that the secies had rarely, if ever previously, 
been found in ()>< United kingdom. Mr. C. O- Waterhouse 
said be beliey^, tIi^ a specimen in the collection of 

his late facher, specimen in the collection of 

the Briii-h Mua^umi^S^r. Waterh^^ «Uted ihst the British 
Mufieum had Jmst received from twSWv. A. Riwiu* of Hang- 
cKpw, Chlrtat a larva abdhf;if ihch long, and 3i Imes 

broad, which hklwicved to be one of the 
Lord Waisiiighoih exhibired epitfcimen^ of CtJ/irA/A'j ^i^grc^anat 
McLacb.* b^jdfrom ewd'hcadeW at Merton, 

Notfblk:; aUo a of aUied tp the genus 

brohatity Diss^ma, Bfauti,, Ihit differ- 
ing in the attMUtw.M the He aoid that the 

^oiicii>i!i blmoeR at Merton tm July at lost, 

and iq>P«rdnt||y unde«cribed.— Herr Meyer 

t ^^etton of tfoleopttra. comprising sped- j 
TwU^^tan ; Weft*- ; 

; 'a htt’w sp^cie^ <n ynMiJrpm . 
Sadnders, iVom^ Sikkim' i j 
Fu^»; hrdm Siberia ; I 

a variety of Uip sathe Kurdlm , 

effd 4 lr John rti«, KiC.M.O;, 1 


relating io a number of Lcpidoptcra recently collecied at sea, 
about half-way between tl>e River Plate and Rio, at n distance of 
over 250 miles from land, in about 30" S. lat. and 4^® W. longi- 
tude* It Was staled that the xhip was surrounded b# SM^rms 
of moths. Mr, J,J. Walker, R.N., observed that he had oonn 
large numbers of insects at sea about 150 miles off the coast of 
Brazil, and he referred lo othe records of the capture of insects 
at sea in Darwin’s ** Voyage of the and Dr. Carpenter's 

“Cruise of the Alrrt. The diacUsslon was continued by Dr, 
Sharp, Lord W&ldngham, Mr, While, and Mr, Kirby. — Mr. E. 
Mevrick read a paper entitled “ On some I.epidopterafrom New 
Guinea,'’ and exhibited the species described in the paper, He 
Slated that the specimens were derived from two sources, viz. 
(I) a portion of the c<dIectton received by the Society from 
Baton Ferdinand von MUtler, F.R.S., and collected by Mr. 
Sayer when accompanying the Australian Geographical Society’s 
Exploring Expedition ; and (2) a number of specimens collected 
by Mr. Kowald near Pori Moresby. — Mr, Blandford read a letter 
from Mr. Wroughion, of Poona, asking for assistance in work- 
ing out certain fi.dian Hymenoptcra and Diptera in the collec- 
tions of the Bombay Natural History Society. Lord Waiiingham, 
Colonel Sw inhoe, and Mr. Moore made some remarks on (he 
subject. 

Paris, 

Academy of Sciences, July 29.— M. Des Cloizeaux, 
President, in the chair. — On a means of studying the natural 
history of the river-eel after its migration from fresh to salt water, 
by M. l^mile Blanchard. It was shovin by the aiiihor many 
years ago that, during its sojourn in fresh-water Jake.*^ and rivers, 
ihe eel remains in an immature state, incapable of reproduction. 
With a view lo completing its life-history, he now suggests that 
large numbers should be taken on their way seaw'ards, labelled 
with a httle metallic plate, and then returned to the water, in 
the hope that a few so m.irkcd may afierw'ards be captured at 
intervals in the sea, and thus enable zoologists to follow their 
complete evolution. To give effect to this project, he seeks the 
co-operation both of Government and naturalist^ — On the 
variations of latitude in the solar »i)ots, by M. K. Wolf, At- 
tention is directed to pp. 84-91 of No, 73 of the 
Miithdl^ngm^ where the author infers, from his sludtCH of solar 
]ihyftic%. that the abrupt change of latitude noticed at tlie epoch 
of the minimum does not depend exclusively on the period of 
il^^yeab, but also on the longer period of 663 to SSjl- years. 
This longer period determines the altitu-ie ol the maxima, 
so that the extent of the change in lattm Ic and tlie altitude 
of the ensuing maKtmum increase or diminish simultaneously. 
Hence the charwe of latitude recorded by bpoerer for the 
second half of the seventeenth century would not appear 
to have been anomalous, but merely tne result of the low 
maxima i cached at that lime. — On the transmission of 
power by^ alternate currents, by M. MRuriee Leblanc, But 
ibr the diflicmlties caused by the jihenomena of self-induc- 
tion, alternate airrents might be ndvamageously eoiploycd for 
tntnsmitting power, as they may easily receive the highest ten- 
sions, while they do not alter the ihsulfi ors, as is the case with 
continiiouf currents. The author here de.scril^es an apparatus 
by means of which he hopes that thc'e difficulties may be ob- 
viate^.— -On the conduct Ibility of elect lolyies at very high Icm- 
perattires, by M. Lucien roincare. The methods employed by 
MM. Bouty and Poincare in their expet incuts on the electric 
conductivity of salts in solution cannot be dtrccily applied beyond 
the meUlng‘poiftl of glass. Bat, by various Jispo&iiions here 
detalltd, M. Poincar<;has been enableti to obtain measurements to 
within kbbut one-fiftieth of ab olute at’omacy. — dn a nrw' method 
of voluinctric analysis for silver, mercury, and thalbum. by M. 
Adolphe Camdt. Chemists po^i^s excellent processes for the 
volumetric analysis of silver, bat vc 17 defective ones for that oT 
m^ury. M, CkrnOt here desol' es a new metM, based on 
the of potansium iodkle, which >ti ftl>out eqnaliy applicable to 
both of these meiaU, as well os to thallium.— Kes^rdhes on the 
aaIx>hHes, by M. P. J, Hanog. To pite the difficalty of its pre- 
Ik^ioo, the author has succeeded in obtaining an anhydrous 
i&d titysUlHse^ sul|7hite of potasMU in Urge quanlittes. By the 
tahtie OTOcess; which U described in detail, he has aU> pre^red 
theOuiphite m soda id the same form, but not in a pure sUte^ 
and the doutde normal sulphite of potassium and soda. The 
prepanuiofii^ other sxdj^hitcs will 1>e described in a future com- 
ftiunicatlon. '^Synthesis of some seleitiom compounds in the aro- 
hbalic series by M, C Chabiii^. The syntheses here undertaken 
Are those in which metodlbld is unilod directly w ith the car- 
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bon of the By, uaking setenmm tetitehloHde 

oft M. Chftb4e has obtainea compounds comespoftd- 

tng lo the sulphides and thio^nols prepared by Friedel end 
Crafts from sftj^tir and the Florida of sulphur. — On the oxi- 
dizing aetloft m ftUkworMTAphor under the influence of light, by 
M. F> Caieoease^ This substance, recently obtained by the 
aftlbor ( reninit cviiL p, $57)1 yields Liebermann’s blue 
reaction ilvith phenol aftd sulpaurlc acid, and also presents the 
curioas pheftotftaaon of becoming decomposed under the in- 
fluence of light. The conditions seem somewhat analogous to 
those attending the formation of chlorophyll and of the colour- 
ing- ift&tter in flowers.— On the isocamphols,. by M. A. Haller. 
Toe paper deals more particularly with the influence of solvents 
oft the rotatory power of the isocamphols.— Respiratory com- 
bustion by the nervous sysfem in its relation to the size of the 
animal, by M. Charles Richet. A large number of experiments 
on dogs confirm, for animals of the same species, the Uw esta- 
blisHra by Kegnault and Reiset for animats of different species 
— namely, that the respiratory combustions, by kilo^mme of 
living weight, increase in inverse ratio to the size of the animal. 
— On the pr^ucts of microbes favourable to the development 
of infections, by M. G. H. Roger. Amongst the substances 
secreted by Bacteria, some are known to prince intoxicating 
phenomena, while others possess vaccinating properties. M. 
Roger’s researches lead to the inference that there are others 
that tend to stimulate the development of certain pathogenic 
agencies, at least in the case of symptomatic charbon. — On a 
new Mediterranean species of the genus Phoronis, by M. Louis 
Koule. This specimen was found in the Zoological Station at 
Cette, and has been named sabaii^i\ from the founder of 
that station- The characteristics of the species are here de- 
scribed by contrast with /%. hifpocrcpis^ Str. W.— On (he 
growth QX the oceanic sardine, by M. Georges Pouchet. Ob- 
servers have failed to determine the region u hcre the sardine is 
hatched and passes the first phases of its development. Those 
reaching the flshing^grounds ate already several months old, and 
the observations made at several points present so many dis- 
crepancies that no general Uw can be laid down regarding their 
growth during the nshing season. The difficulty of determining 
this point is increased by the fact that the shoals themselves 
appear to be continually renewed by fresh arrivals throughout 
tnc whole season. 

August 5,— Des Cloi/eaux, President, in the chair.— Heat 
of combination of fluor with hydrogen, by MM. Berthelot and 
Moissan. Afler many failures, the authors have at last succeeded 
in measuring the heat of combination of these bodies. Reserv- 
ing for a future communication the details of their experiments, 
they here give the broad results expressed in the formulas 

H -l- F gas « HF gas +37*^ calories 

H + F HF dissolved ... ... + 49'4 >« 

— On ihe relations oi[ atmospheric nitrogen with vegetable soih 
by M. Th. Schloesing, Continuing his reseatuhes on this sub- 
ject with fresh samples of ea^u taken from various/flistriets and 
under varying conditvons, the author has still failed cd discover any 
soil whidh being destitute of vegetable germs flxeig^eousnitrogen. 
Hence Ire concludes that if any exist they muit be regarded 
as quite exceptional, and not to be depended on by agrkultarlsts. 
— Observatbns of Davidson’s comet (July *3) made the 
Observatofy of Algi;e», by MM, Trrfbied, Sy, and Reoaux. 
The observations cover the period from July a6 to July 30, when 
the ftfcleus eft the comet was comparable to a star of the eighth 
magp^de. — A stiidy of the electric phenomena produced by 
solar Miations, by M, Albert Nodoo. Knmeious observations 
made at th4 laboratories of the Sorbonne and the de 

France show that on meeting an insulated metallic dryarbon 
conductor the solar rays communicate to it a, positive electric 
diidge ; the amplitude of this charge increases with the 
intensity ,wy»» fod decreases with the hygrometric state 
of the idr^ the j^henomynon attaining its maximum value in Taris 
about I summer, when the atmosphere U pute and dry f 

tastly, that tlie effects cease during the transit of clouds across 
the tece of the sun. If these results can be extended to noli* 
metallic bodies* ilten soiajr radiation may be regard^ as one of 
the em»es of the electrization of the clouds.— Resesiohes etj the 
sulpl^S (coeittfimed}* by M. P, J. Hartog. Here ate studied the 
doable normal i^iu^es of potassium and ammonium^ and the 
lulpblte of sodium and potassium- tw heat of 
eombte^n of soioe oigauk coh>Foe&<U» by M. J. MpoC. The 
b&snbkhnted succintes^ apa^cf 

fhfdaric and mafle a^ ate tfete^nodteiricwly with 
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a view to determinmg thcfir heat of oombustiott.— A dtemical 
and thermic study of the phenolsulphurie acids (Mlbaned), by 
M. S. Allain Le Caou. In thepresent penar the author conflnes 
his researches to otritopbenolsulphuHc aoe, the preparation and 
properties of which are folly described. — On the diriributloii of 
Nemertes on some points of the French seaboard, by M. L. 
Joubin. A systematic exploration of the Roscoff and Banyuls 
districts has resulted in the discovery of nearly sixty species of 
Nemertes in those two localities alone. About ten of tneie have 
not yet been described, and will form the subject of a fliture 
memoir.-- On the mechanism of the photodermaiic and photo- 

f enic functions in the siphon of /*AaIas by M* Raphael 

lubois. Although these mollusks possess no eyes* they display 
extreme sensibility to light, the least ^ange of its mtensity sufficing 
to excite a more or less sudden contraction of the siphon. mT 
Dubois’s already described graphic process has enabled him to 
verify (he existence of two distinct functions, one receptive, the 
other emissive, thus showing that the mechanism of sight belongfi 
to the category of tactile phenomena in the higher animals 
gradually differentiated and localized in a special organ. It also 
appears that the photodermatic (receptive) function is stimulated 
by luminous vibrations from without, while the photogenic 
(emissive) has for its final outcome the emission of luminous rays 
through the circumambient medium. -^On some habits of the sea 
trout, by M. A. Giard. The author's observations in the 
Wimereux estuary and neighbouring waters, tend to show that 
many smelts ana grilses, and even a number of adults (hu’d- 
trout ?), pass a much longiv time in the sea than is generally sup- 
posed by ichthyologists. —On the colouring matter of the sper- 
moderm in the Angiosperms, by M. Louis Claudel. The results 
are here given of a series of studies on the ptements of grains 
made in the botanical laboratory, Marseilles. It appears 
generally that ihe solid pigments of grains are scarcely ever pre- 
sented under the form of leucite, and that they derive directly 
from the protoplasm. In this respect they differ from the pig- 
ments of flowers and pericarps which, according to Flahault ai^ 
others, derive from pre-existing leucltes.— (.In the recent eruption 
of the island of Vulcano (Lipari Group), by M, O. Silvestri. 
The volcanic phenomena presented by the eruption, which began 
on August 2, 1888, are characteristic of n special phase, which 
has already been observed by M. Silvestri at Etna, and to which 
he proposes to give the name of Vulcanian phase. 
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^^HUKSDAY, august 23 , 1889. 

in... 

AFRICAN FARM PESTS, 

N&U$ and Dtscripiions of a Few Injunous Farm and 
Fruit Insects of South Africa, Compiled by Eleanor 
A. Oimerod, F.R.Met.Soc., &c. (London : Simpkin, 
Marshall, and Co., 1889.) 

M ISS ORMEROD is indeed energetic. Not content 
with waging bitter war against the destructive pests 
of British crops, she extends her campaigns to far distant j 
lands. Although applications of farmers for information 1 
as to the attacks of many injurious insects arrive inces> I 
santly from all parts of the United Kingdom, Miss Ormerod | 
dnds time to deal with the complaints of cultivators in all 
other parts of the world, and surveys insects from China | 
to Peru. In 1887 an elaborate treatise upon a scale- j 
insect {Icerya purchasi) which seriously injures vines, hg, 
orange, peach, and other trees and shrubs in Australia, 
was published by Miss Ormerod, giving full scientific 
details as to the life hi story of this coccid, and as to 
methods of prevention and remedies likely to ^ beneficial 
Just recently another work has appeared, entitled Obser- 
vations on some Injurious Insects of South Africa,^' written | 
in Miss Crmerod's usual clear and interesting style, and 
admirably illustrated. From this we propose to take 
Some extracts to show the cosmopolitan entomological 
knowledge of the authoress, as well as to give some idea 
of the enemies of cultivated plants in ‘‘Afric's golden 
sands.’' 

The reflection that arises from the perusal of this 
book, and of others descriptive of the usual fdagues which 
follow in the wake of civilized cultivation, is that ho clime 
nor culture under the sun is exempt from them. No 
sooner had orange groves been formed in the suitable 
lands of Florida than various scale-insects swarmed upon 
the trees. The purple scale, the white scale, the red scale, 
and the “ chaff” scaJe, among others, threatened to ruin 
the crops and to kill the trees, until remedies were dis*^ 
covered Hy the skilful economic entomologists of the 
United States. 

In the newly made tea plantations of Assam a red 
Stdder {Tetranychus hiocu/atus) has suddenly shown 
itself, threatens serious mischief to the plants, unless 
some wash can be invent^ which will kill the spiders, and 
leave lie mte ih the 

So in African Soale?l|^*ects, especially the Icerya 
ckass\ have taet few years, as shown by Miss 

hi Cape Colony, upon 
Qranges, other kinds of fruit-trees. 

This ^sb now become one of the most 

in Calilomia. It is 
W Rlk^ pi United States Eptptndoglst, 
that the In^a 0fi0ndtod in AustmilL There 

ehia^the d^bt at first as to this. It was theufitfat that it 
bkhM' fiob Mauritius ; it was djscovesed thht it was 
a# which >iihts 

ra|M between couhtHes, 

lateridedM* ^ commodities jsfafl 
insects 


United States with straw in packing-ca^, and the flour 
moth {Epkestia kuhnielld)^ has been recently imported 
into England from some European ooontry, a* the 
authorities conclude. 

At the same time it is considered that the conditions 
of cultivation adopted in these days, being somewhat of 
a forcing and unnatund nature, favour the increase of 
insects, and, in a degree, predispose plants to their 
attacks, which become more varied and intensified year 
by year not only in this country but in all others. It is 
of the greatest importance, therefore, that cultivators 
should be advised by competent persons as to the life- 
histories of these crop destroyers, and as to measures to 
be taken to prevent their spread, and remedies to be 
used against them. 

Miss Ormerod has arisen, a very Dea ex machind^ and 
for several years has given timely instruction and advice 
to agriculturists of many nations, just as Professors Riley, 
Lintner, and Comstock have helped the tillers of land in 
the United States to detect and combat the onslaughts of 
many crop-destroyers. Prof. Lindeman is doing the 
same good work in Russia, Dr. de Man in the Nether- 
lands, Dr. Tasebenberg in Germany. 

And in this her latest work, ** Notes and Descriptions 
of Injurious Farm and Fruit Insects of South Africa," 
Miss Ormerod conveys much practical information which 
can be readily understood and easily utilized. At the 
same time it is scientific enough for entomologists, and 
interesting to those who are not cultivators or men of 
science. 

Miss Ormerod explains her reasons as follows for pub- 
lishing this account of African farm pests, though no ex- 
planation appears necessary for such a valuable service 

** About four years ago, Mr. J, D. Bristow, President of 
the East Province Natural History Society of Cape 
Colony, wrote to inquire whether, if 1 were furnished with 
notes regarding pests of the crops in East Province, Cape 
Colony, I would publish them. At that time there was 
not the opportunity which there now is of procuring 
sound and clear directions for treatment of insect as weU 
as other attacks of crops and stock, by reference to 
Agricultural Journal^ p^^i^d by the Deprtment of 
Agriculture Cape Ct^y, therefore I willingly agreed 
to do niy besi, in case trustworthy agriculture observa- 
tions could be procured, and specimens of the insects 
referred to also sent for identification. Specimens of 
about fifty kinds of insects were sent over, of which a few 
proved to be of undesertbed species ; and I have given in 
the following pages, as far as 1 can, figures and observa- 
tions of habits and means of prevention of some of the 
pests, and means by which they might be identified" 

^rst insect described is one of the well-known 
dahl^mus family MehhntlUdoey to which the familiar 
Bfitish cockcha^ belongs. The scientific name is, 
Eriesthis sHgmalkay but it is commonly termed the 
^ mealie," or maite, chafer, as it is the worst pest in the 
country for Clops of maize, and destroys it from near Fort 
Beaufozt right down to the Fish River mouth. This is 
veny much smaller than the cockchafer, and smaller, too^ 
thin the ttm chafer (Cetoma aurata)^ whi^ is, hoiyeyer, 
of a diffi^t frunily. 

At^her ehalhr, Ifyj^opholis sommerif injures vines con- 
si 4 efkUy,.fk|oM>iy b^’ctevoimug the leaves, in ^ perfect 
and fhtrdinff on the toots, in the htrval state. Zt is 
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much tairger than the **moaHc,” of a red- brown colour, 
and, ‘‘judging from the number of specimens usually con- 
tained in coUectfons received from South Africa, this 
would appear to he a verjr common species in that 
country.” 

It is desirable to destroy the insects belonging to this 
family both in their beetle and larval conditions. In the 
forn:ier case they may be shaken down from the trees and 
shrubs upon which they rest in a sluggish state during the 
day. The larvae can be reduced in numbers by digging 
round the roots of the infe^ed plants. “ In Ceylon,*^ Miss 
Ormerod remarks, “ where the grubs of various kinds of 
chafers do much harm to coSbe-plant roots, it is noted j 
that on one estate a gang of coolies was employed to dig 
them out of the ground (for they are always near the 
surface at the end of the feeding rootlets), which they did 
at the rate of about a quarter of a bushel per man per 
day. Lime, salt, and carbolic acid were tried without 
effect, I believe.” 

Some species of Melolonthidae, especially the common 
cockchafer {Mdolontha viilgctris)^ are so destructive 
to 'trees, vines, and other plants in France, that the 
French Minister of Agriculture has recently issued 
orders to the various prefects to take steps to reduce 
their numbers- 

. A beetle of thd' family Dynastid(e^ styled Heteronychus 
arat^fy and the keever ” by the farmers, is the most wide- 
spread and destructive of the African pests, according to a 
correspondent, being a subterraneous worker, attacking 
wheat by eating away the roots. In length of body it is 
from 12 to 1 5 millimetres, and resembles the British beetle 
Aphodius fossor^ belonging, however, to a quite distinct 
family, of which no member occurs in Britain. 

They are rarely seen above ground, biting off the wheat 
planta about an inch under ground. It will be plain to all 
practical persons that this insect must be a very dii^cult 
foe to deal with, as h comes out of the ground and flics 
about trees during the night, and retires to the wheat roots 
during the day. Miss Ormerod states that it is also ibund 
in St. Helena, and it is more particularly to be met with 
along the sides of roads near hay- fields and grass lands, 
where it may often be seen dead in considerable numbers, 
‘‘which points to this ‘keever* beetle being a grass as 
>rell as a com pest^stPd may give some clue as to where 
to look for their ^ubs, ns in common course of things 
beetles die just after having laid their eggs.” It is recom- 
mended to dress wheat plants thus aotecked with paraflm 
and sahd, or ashes, or dry ei^h, to prevent the attack of 
this beetle. 

Two other beetles, the Ptniodon nireus and Pmtodan 
C0ntrdcius^ injure the wheat crops. They arc larger than 
the HetiraHfcfius arator, but are similar in their method 
of attack. MOitber of these appears to have any common 
or local name. 

Vet another bekih^ng to the family of Cdamida^ 
in which Ihe British rose tmafer is grouped, and deflned 
at pretty insect with a bright 

green uptfet surihee pi^rked wUh>hite lines and spots, 
n^ch ihloTy to the blossoms of apple and 
trees, and lat^ ripenipg peaeh«^ and figs. Ip some 
itis th^it the only peaches and figsiwved 

Miss Onnerodht^Se^s 


that the only measures against this insect are to c^ch thr ' 
beetles in nets when flying in the sunshine, as fs d^e Ift 
England, and destroying their grubs at the roots w trees- 
and plants. 

Among other Coleoptcra figured are the MyMrts- 
octilatai a large, handsome black beetle, with red or 
yellow bands, of the family Cmtharid^^ possessing the 
same vesicating properties, and sadly troublesome to peas i 
and beans and fruit blossoms. Also a Bmehusy an un- 
known species, but which Miss Ormerod conjectures may 
be snbarmatuSy CJylIcnhal. “ Of the British Bruchi this 
species is most nearly allied to Bruchns From Miss 

Ormerods careful account of its larva, it does not much 
differ from that of B ruckus pi si, 

\ This species of Briukus infests peas and beans just in 
the same manner as the British B ruckus rufimanus. 

“Its attack is seriously hurtful. In two of the beans 
figured above, I found four holes showing where the 
beetles had escaped ; in another seven beetles had been 
present, and in another I found five beetles, or coloured 
chrysalids, still within. Mr. Bairstow reported that this 
pest when in larval condition reduces the interior of the 
seed to a fine powder, and passes into a pupa, sometimes 
in its powdery bed, which disappears almost immediately 
on the emergence of the perfect inaect.** 

Miss Ormerod gives an elaborate account of the modes 
of attack of this Bruchusy which do not much differ from 
those of Us British congener. Also, it is recommtrvded 
that infested should be steeped in a solution of 

Calvert’s carbolic acid, so diluted as not to damage the 
seed. 

Among the destructive Lepidoptera, butterflies and 
moths, in South Africa, the large handsome PupiU& 
demoUusy or orange butterfly, figures ptpminently. Tfio 
larvae of this insect cat the leaves Of orange trees, appear^ 
ing “generally at the end of November, or begihhmg of 
December, and in greater numbers on trees who^ lower, 
branches arc allowed to trail on the ground, it is adVts^ 
able to cut all branches one foot above the ground, to 
turn as often as possible the soil within a circle of ooe 
foot from the trunk, keeping it moist, and to watch fet 
the grubs, which are large, and of a yellowish-green colour, 
during the summer season.” 

The caterpillars of a tnoth, Trilocha ficic^lUy belpnginip 
to the Bofuf^ycidet^ cause much damage to fig trees by 
eati^ their leaves and nascent b\^s« For this attack^ 
hand-picking is advised, and turning over the soil beneath 
the trees where the cocoons may be- 
The “ diamond-hack ** moth {Plui^Up mtciferurum\ 
well known in Britain, is a source of much trouye to Capp 
cabbage-growers, for which Miss Ormerod prescrim 
nitrate of soda applications to push on the growth of tii#: i 
plants, and sweeping the infeM4td,pliints with boughs 
to a souffler^ . * 

To fnait-^owers, the orange fly " Trypeja** 
ci^ip^rda) is a bitter enemy. “ Ifi some districts last 
Mr. Hefifer writes^ tl«f re^^, 
of our peaches, apricpt5,%s> :|ilum8,werf uh^ 

The, flydeppsii^ sorne hadf-OrddM^n eggs Jh 
k is g^lhg ripe, From 
thie finik unMess* 
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i^r£U;U. win be /vecetV^d with much interest by all 
^tomologristo. 

"tlie perfea insect is one of the most beautiful of 
the order to which it belongs ; the male is singularly 
distinguished by having two slender filaments arising 
between the eyes, knobbed at the tips^ a peculiarity 
which we believe is possessed by no other dipterous 
insect, and which wanting in the female. The larva 
is a white, fleshy grub destitute of legs, very similar to 
the celery fly^ and like it possesses two small black 
hooks at the front of its body, which it alternately pro- 
trudes and retracts, thereby tearing the delicate membrane 
in which the drops of juice are contained. There arc 
generallv several of these larvae in each orange, and when 
removed and placed upon a flat surface, they have the 
power of springing to a considerable distance, in the same 
manner as the well-known cheese-mite. When full-grown 
they eat their way out of the orange, and undergo the 
change to the pupa state on the outside.” 

Prof. Westwood adds that the presence of infestation 
might be inferred sometimes by a puncture not larger 
than that made by a pin, but generally surrounded with a 
withered and discoloured spot varying in size from six- 
pence to half-a-crown. 

Miss Ormerpd characteristically observes : — 

“ One main point of information wanted to check attack 
is, Where does the maggot in natural circumstances under- 
go its changes to the chrysalis state ? It might be found out 
very easily whether the maggots drop to the ground, by 
laymgclotbs sine«ired with any sticky material, which would 
prevent their straying away, beneath a few of the infested 
trees. Any fruit that is infested should not be allowed to 
PBttottin on the ground to continue the attack, and if on 
inveeiigatton k should prov^e fhat the later maggots go 
into the chrysalis state in the ground, or even that a large 
p^pbrdon of them do so — or if it could be found where the 
flies generally hibernate—these points would help greatly 
ii>1«ssenipg attack.'' 

pstrichdaiming, extensively adopted in South Africa, is 
tttech hindered by a terrible pest,” in the shape of the 
Oitrtoh flics, of which sometimes there are thousands on 
the ostriches, that they irritated the birds so that half 
Of their time was taken up in pecking at the flics, and 
that^ judging from the increase in the last two years, if 
someihing was not done to destroy them, the feathers 
wfluld not bo worth sending to market, and the v^riter 
beHeved that in time they would destroy the birds/' 

Tte fly in question is akin to the “forest fly” 

6 o^a tquina\ which is found upon horses and pomes 
New in Hants. These get accustomed to 

the flies, and ho special demonstrations concerning 
them ; but a htorse which is strange to their attacks goes . 
ingd when one of these insects gets upon it. 

|h the caW of ostriches, Miss Ormerod considers 
IhwcD decoctions, spapsu^, and other washes applied 
to the birds would be found to suci;:eed. McDougairs 
4 % bia been use 4 and Miss Crnierc^ thinks that sulphur 
useful. 

^^tle tides {Amhly0mm^ of the family ' 

eeme of thed dflste^quaTters of an indh long 
by wide, described as the ‘^disa^roun hide 

these iisginfte*^ sadly vex the Eouth AlHcan 
be a boon to the anmtry 
dest^yt'.bf, what 


creature which moves a market downwards at a high 
percentage.” 

The most interesting part, perhaps, of this work js that 
which deals with some of the Coccidct. First among 
these is the “ Australian bug ” {fecrya purdhisi)^ which was 
noticed in the Botanic Garden at Cape Town in the latter 
half of 1873, and has now spread over 680 miles in the 
eastern provinces of Cape Colony. Where it came from, 
Miss Ormerod says, it docs not appear, “but there is not 
room for doubt that the attack was set on foot by imported 
specimens, and that it rapidly became naturalized. It 
attacks” orange trees, vines, fig trees, deciduous fruit- 
trees, ornamental shrubs, and garden plants, even straw- 
berry plants. 

The life*hietory of this insect is remarkable. When 
the female, a salmon-coloured, tortoise shaped insect, 
with six legs and long antenna, is one- sixth of an inch 
long, it secretes snow-white cottondike matter, which is 
formed under the mother for the covering and protection 
of its eggs. For some time the female moves about, but 
after a while all movement is arrested, and the insect 
seems glued to one spot. In time the eggs are hatched, 
and larvae, as many as 200 often from one female, go forth 
to find congenial food upon the plant, and in turn lay eggs 
in the same manner. The eggs are not hatched at once, 
but the process continues for several weeks. In the 
meantime the mother shrivels up, and becomes a mere 
dead husk, covering the eggs and hatching young. The 
whole process extends over many weeks, and gives ample 
opportunity for immense damage to be caused. 

The male is rarely seen. It has wings more than a 
fourth 0/ an inch in expanse ; its body is about the eighth 
of an inch long, orange-red in colour, with long ten-jointed 
antennae. Prof. Riley gives the best account of the male 
insect, stating that it is “ fond of shelter, and will get under 
any projecting piece of bark or under bandage placed 
round the tree, often creeping under clods of earth. It is 
rather sluggish during the day, remaining motionless in 
crevices of the bark or wedged in between females on the 
tree. There seems, in fact, a well-marked attempt at 
concealment At the approach of night they dart rapidly 
about on the wing, swarming round infected trees/' 

Mis« Ormerod prescribes various washes as remedies 
against this and other cocetds, and giv^ a list of insect 
enemies, which are happily numerous and formidable. 
The larva of the ** golden eye ” {Chrysopa ptrld) is most 
useful, destroying th^ young “Australian bug” just at 
hatching-titne within ihe sac of tjhc female. The Chrysopa 
also devours quantities of Aphides which infest hop plants 
in England. S pedes of ladybirds {Coccindla) are by far 
the best friends to African cultivators. They are invalu- 
able in destroyittjg the perfected young in the nidus of 
the female " bug,” just as they, both as Jarvas (niggers) 
and perfed insects, eat myriads of hop Aphides in the 
English {Mutations. 

There are other insects which do good service in keep- 
ing down this larya^ described by Miss Ormerod, of 
which, however* there is not space to give any account. 
Other destructive and useful insects have not been allud^ 
to for the same reason, but those who take ati interest in 
economic entomology will do well to pertae this in- 
sttactlve litdc book, and extract for themselves its 
valuable contents. 




THE f'OHEST FLORA OF NEW ZEALAND. 

The Forest Flora of New Zealand, By T. Kii-k, F.G,S.> 
late Chief C&nservatar of State Forests to the Govern- 
ment of New Zealand, &c. Folio, 345 pages and i6o 
plates. (Wellington : By authority j George Didsbury, 
Government Printer, 1889.) 

M r. EDWARD BARTLEV states* that only four 
kinds of New Zealand timber are used in Auck- 
land for building purposes, and that these are : kauri 
{Dammara australis)^ rimu {Dacrydium cupresstnuw), 
totara [Podocarfius totam), and kahikatea {Podocatpus 
dacrydioides) \ but Mr. Kirk’s “Forest Flora” goes far 
bcypnd the timber-yielding element of the New Zealand 
forests. It illustrates and describes nearly the whole of 
the shrubby and arboreous plants of New Zealand, and 
gives very full particulars of their dimensions, qualities, 
uses, distribution, and propagation. It is by no means a 
mere compilation ; and, although the author acknowledges 
various sources of information, a slight examination of 
the work is sufRcient to convince us that it is very largely 
based upon personal observation, and that the details are 
elaborated with great care. 

Altogether the flora of New Zealand contains rather 
less than a thousand species of flowering plants, and of 
these 115 are illustrated in the present work ; some of the 
more important and specially interesting species by 
several plates. The tree ferns, which form so conspicu- 
ous a feature in the vegetation of the country, are not 
included, and some shrubby plants are omitted whose 
claims to notice are at least equally as strong as some of 
those admitted ; but this is explained by the author's 
desire to do the work thoroughly as far as he went. For 
this reason, several of the sm^l shrubby Coniferse are 
figured, and a considerable number of plates are devoted 
to the illustration of the heterophyllous members of 
various natural orders. 

HeterophyJJy is not a peculiar feature of insular floras, 
though it is perhaps nowhere more conspicuously de- 
veloped than it is in New Zealand and Rodriguez.* 
Many of the New Zealand Conifera;, the most valuable 
of the timber-trees, exhibit this peculiarity in a high ' 
degree, insomuch that different parts of the same tree 
have been referred to different s^ies and even to 
different genera. Thus different parts of Dacrydium 
Colmsoi represent a juniper and a cypress, while 

in D.Kirkii there is a still more remarkable dinu^^ism. 
In explanation of Plate 97, Mr. Kiric writes - 

** As in the preceding species {D, CoIenioN the foliage 
is of two kinds, but the difference is still more strik-r 
ing character. The lower branches arc spreading, the 
upper ascending or erect, the ultimate branchlets forming 
fan-shaped masses. The lower branches, sometimes to 
the height of 40 feet, are clothed with long narrow flat 
leaves ; the upper branches are clothed with small scale- 
like, closely appressed leaves ; so that the lower part of 
the trOe rei^mbles a silver-fir, while the upper part puts 
on ttie appettrance of a eypress.” 

f^lgurei axe given of the dimorphic foliage of these 
coitll^ and die confusion in nomenclature which has 

^ Tran^ficttoftt jukI I^rocB*dliM« 1 
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arisen in consequence of one kind only having Often been 
taken by collectors U unravelled. It should be added 
that it is only the cypress-like branches that bear flowers 
and fruit. 

In these New Zealand Conifera^ the foliage is dimorphic, 
but in several plants belonging to other natural orders it 
is polymorphic. Noteworthy among these are several 
members of the Araliaceae, also Pu^us australis and 
Hoheria populma^ of the order Malvucea. Mr. Kirk has 
very fully illustrated some of these remarkable plants, 
devoting five plates to the last-named, and as many to 
Pseudopanax crassifolium (Araliaceee), a plant not \m- 
known in cultivation in this country. The earliest leaves 
following the cotyledons of this fianax are small, narrow^ 
and sharp-pointed, with entire margins ; ** but the leaves 
next produced arc very different : they arc distinctly 
stalked, i to 2 inches in length, rhomboid or elongate 
rhomboid in shape, and sharply toothed or deeply lobed, 
bearing some resemblance to those of the common haw- 
thorn. Succeeding leaves are longer and of uniform 
width, until they sor^etimes attain the length of 3 feet 
6 inches, while they scarcely exceed half an inch in width 
and are invariably deflexed. In this stage the leaves are 
thick and leathery in texture and acute at the apex, with 
distant sharp marginal teeth.” This is the form in culti- 
vation in this country, sometimes calked the fish-bone 
tree, which Sir Joseph Hooker Panaxiongtssimum^ 
as it had retained its peculiar character unchanged for 
fifteen years ; though subsequent investigation proved that 
it was no other than P, crassifolium. In this stage of 
development the stem is invariably unbranched, and rises 
to a height of 20 feet ; and, as it often retains its leaves 
almost to the base, it presents a very remarkable appear- 
ance. Following these long, narrow, undivided leaves, 
come others composed of three to five separate leaflets, 
and borne on petioles from x to 5 inches in length. The 
leaflets are less stiff than the long leaves, narrower, and 
having shaiply-toothed margins. These are succeeded 
by similar leaves on longer petioles, having broader 
leaflets, thicker in texture, with coarser, more distant 
teeth. Flowers are sometimes produced at this stage, but 
not unless the stem has given off lateral branches. In 
the usual flowering stage the leaves have again become 
simple, and they gpraduaUy become thicker, the toothing 
almost wholly disappears, and they are from 4 to 6 inches 
in length, and borne on short stout petioles. To add to 
the perplexities of the plant, the male and female floaters 
arc borne on different individuals. It is not surpri^g, 
therefore, that botanists working with herbarium spcci* 
mens only have failed to Umit or define the species cor- 
rectly. As already stated, many other New Zenlgnd 
plants are remarkable for the great variability of thek 
leaves at different rtages of devdopment, and the Jriia^ U 
variation is as diverse as the extent of it. / * 

There axe so many other interesting subjecUyin Ijtri 
Kirk's book that one is at a loss which to s^eOt 
notice. SpeciaMy noteworthy is the presence in Nbw, 
Zealand of three specks of Fuck^a, a genus otW^iee 
restricted tp. America 3 and remaricabfe amon||t Ihw k 
F, tJXorHMiaf which sometimes attains a, height 'pf; 4,5 
feet, with a gnax^led trunk 3 feet ip 
(Jditid Amerfc^^ the ^ 

equals or approaches it in 
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flowers, at first of a greenish colour streaked 
or blotched with purple, and finally of a doll red, with 
very amall, almost black petals. The tube of the calyx 
is very much constricted immediately above the ovary, 
and there is a second constriction a little higher up. ; 
Moreover, the flowers are trimorphic in the relative 
lengths of the style and stamens. That this Fuchsia | 
yields “ one of the strongest and most durable timbers in 
the colony ** will be news to most people. But, as the 
trunk is often crooked or gnarled, it is difficult to procure 
logs exceeding 8 or 9 feet in length, and its commercial 
value is therefore greatly diminished. Mr. Kirk says the 
wood is hard, dense, compact, and even, and deep brown 
in colour, relieved by streaks of a paler shade, and short 
narrow waved black markings. When much waved, it is 
of a highly ornamental character. Further, it is almost 
indestructible even by fire, except in a closed furnace. 

Many more interesting facts might be extracted from 
this admirable book, the botany of which appears to be 
equally as good as the practical part. A few new species 
are described, and the female of Podocarpus totara 
and the male catkin of Dacrydium cuPres si num are figured 
and described for the first time. 

One more point deserves mentioning. Mr. Kirk is very 
much concerned about the many inappropriate popular 
colonial names, %hich he proposes to reform ; but we 
think he has undertaken a task in which he must inevit- 
ably fail. From the time of the earliest settlements, the 
various species of native beech (Faj^us) have been called 
red birch, white birch, &c., though not uniformly through- 
out the colony ; and the Maori language has only one 
conunon name for all the species. Now, Mr. Kirk pro- 
poses calling them entire -leaved beech," tooth-leaved 
beech,” and so on. Supposing it were possible to effect a 
reform in this direction, the substitution of such uncouth 
names as those proposed is less to be desired than 
the retention of their present botanically inaccurate 
appellations, W. BorriNG Hkmslev. 

AN ELEMENTARY TEXTBOOK OF 
CHEMISTRY. 

An EUmentary TcxI-book of Chemistry, By William 
G. Mixter. Second and j^vised Edition. (London : 
Macmillan and Co., 1889,) 

T his volume belongs to the well-known series of 
** Manuals for Students,” and will pleasantly surprise 
those who imagine that the multitude of elementary text- 
books of chemistry has made originality impossible. Of 
those smaller matters that readers and students generally 
accept with no more thought than their daily mercies, 
the Index deserves especial mention as being exceptionally 
l^usive, and bearing evident signs of having been coto- 
pii^;hy vrho had a sufficient knowledge of the 

to go beyond the mere verbiage, and enough 
^tience to carry ^e task through. 

I^oaking at the book sltf^ly as a treatiseon eheirilstry, 
the adojptlon of the periodic system as a method of 
is yety desirable, but the di^culty as to 
of its elements a comf^und shall be associated 
easUy settled. The tendency doubtless 
^0 lie ttunpoanda of any coo metai tether, 
^ ,ms Is v^h tho ahthof ha* done as far as pos- 


sible, but as, for example, nine metals are treated of 
before ox>^gen and sulphur, and thirty-eight metals before 
carbon, the compounds of those metds that are con- 
sidered in the earlier pages are spread through the book 
in a manner that is doubly confusing, Che interpolated 
sections seriously interfering with the general arrange- 
ment* The sulphates of sodium, for instance, cannot be 
considered with sodium itself before sulphur has been 
mentioned, nor can they be added to sulphuric acid, as 
that would disturb the natural sequence of sulphur, 
selenium, and tellurium compounds, and the best place 
remaining for them is in the middle of one of the groups 
of elements. As a natural result of this apparently un- 
avoidable irregularity, such a common salt as manganese 
sulphate finds no place at all, and it cannot be supposed 
that it is intentionally omitted when manganese tetra- 
I fluoride, hydrogen auryl sulphate, gold sulphate, and other 
1 equally rare compounds have considerable space allotted 
I to them. 

i There is another marked innovation that certainly 
I deserves success — namely, the introduction of gravimetri- 
1 cal quantitative experiments. The very first experiment 
] in the division of the book headed “ Chemistry ” is the 
■ preparation of hydrogen by the action of sodium upon 
water, and the student is directed, after weighing the 
sodium and measuring the gas, to calculate the r^ative 
weights of the two, making all due corrections. In 
the next experiment the proportion between the weights 
of equivalent amounts of zinc and hydrogen is deter- 
mined. 

If the volume before us were simply an experiment in 
text-books, we might leave off here by congratulating the 
author on the measure of success that he has realized ; 
but his first words in the preface are, “ This work is 
designed for use in schools and colleges.” The tendency 
at the present time is not merely to introduce the study 
of chemistry, but to extend the general scope of educa- 
tion in many other ways, so that the time devoted to 
chemistry has been very much reduced in some cases to 
allow of the addition of other subjects to the student’s 
carriculum. It would be difficult to find a student who 
would have time to work through 23? experiments in 
elementary chemistry, especially when many of them 
are in reality a combination of three or four ; and besides 
the specific experiments enumerated there are sugges- 
tions in the text that the student should prepare certain 
compounds and verify their properties. Wc do not 
hesitate to say that the intelligent performance of a fifth 
of the number of experiments set down to be done, accom- 
I panted with suitable study, would give the student as 
serviceable a knowledge of the subject as if he went 
through the mass of practical work prescribed. 

The author also says in his preface that ** Graphic and 
constitutional formulas are much used,” and the body of 
the book fUUy bears out the statement. Graphic formulse 
have bean persevering! y tried in this country as an aid 
to the elementary student of inorganic chemistry, and 
have been deliberately discarded as uselessly cumbrous, 
and as ihaking what U difficult to the beginner more 
difficult still. Such formulae, however, are occasionally 
usefiil ; but we would ask what good end is served by 
setting down the graphic formula of Na^W^iOj^, which is 
given ^ p. J90? The best fiirmula is that which most 
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expresses the properties of a compound, but it 
would be difficult to aay \yhat properties are indicated by 
such formula at t^ax referred to. 

There are a few statepients on important subjects that 
at the present time concern no one but the historian. 
For example^ the claesihcation of salts as normal, acid, or 
basic, according to the proportion between “ the bonds of 
the acid radical and ‘‘ the bonds of the basic radical,*' was 
never generally accepted, and is now universally allowed 
to be an altogether faulty method. The extraordinary 
prominence given to hydrogen dioxide or “free hydroxyl/' 
which has four pages devoted to it, while sulphuric acid 
has little more than two, is scarcely justifiable, we think, 
at the present time. But on the whole, the book is a 
useful compendium of the principal properties of not only 
the more important substances but also of many of the 
compounds of the rarer elements. 


ora MOOAT SHELF. 

A Treatise on Geometricai Conics, By A. Cockshott and 
Rev, F. B. Walters. (London : Macmillan and Co., 
1889.) 

Tills work is not intended to supersede such works as 
Besant and Taylor, which, being drawn up for Univeisity 
students, naturally cover a good extent of ground, but 
•to me<;^ what is a pressing need in school teaching. The 
need of aome recognized sequence of propositions, as our 
authojrs ;state, has long been admitted. It was with a 
view to this need, as we have previously stated in 
this journal, that the Association for the Improvement of 
Geometrical Teaching published its syllabus of the 
subject, ^vhich had been accepted by the Association at 
iti annual meeting in January 1884. The work before 
us has been drawn up in accordance with the syllabus, 
the authors’ aim being to invest the skeleton of the ssllabus 
with suitable raiment. A main feature of the outline was 
the prominence given to Adams’s property (which boys 
will call Adam’s property), the S U K I (now changed 
rightly, as O is us^d for the external point, to the S U O I) 
proposttion. In the pa1rabo]a,we arc told we may employ 
the property in proving tangential propositions ; in the 
case of the ellipse and hyperbola, the authors use Adams's, 
and also give two other constructions. But this is a 
matter of detail. The proofs are neat and well suited to 
beginners, A capital feature is the appending auite 
elementary riders to the respective propositions, tnese 
not too difficult ; and in most cases, being true 

riders op the propusiUons they follow, they will encourage 
the young student to prosecute a study which becomes very 
fascinating when once the student gets a grasp of it. A 
short chapter on orthogonal projection follows that on 
the parabola, and is likely to be of use as showing the 
intimiMe connection which exists between the circle and 
the ellipse. A lai^e collection of Cambridge problems, 
duly labelled, closes the work. 

Wc have waited long for this quasi -authorized edition 
of the Association’s syfiabus, “ thereby hangs a tale/* and 
now it has reached ua we are not disappointed. There 
are very numerous figures, many of which are excellent, 
but others are like Pharaoh's lean kine, very ill- 
favoured.*^ 

PAormsm U»ax as a Plant Edited by Sir 

James Hector, K.C M G., M,D., F.R.S,, fc- With 
PIate*4 becphd Edition. (Wellington, New Zealand ! 
^^auithorlty^ Geprge Didsbury, Governinent Printer^ 

Thk or^ipal of little hand-book s^pei^irtsd 'in 
since which: pifirlod a great deal of consideraiioh 
has been given in this country to the further aewlopment 


of vegetable fibres generally, amongst which New Zealandl 
flax or hemp has had its sliare. The book has such a 
varied amount of authentic information on the subject 
with which it treats that the appearknee of a new edition 
is a distinct gain to those— and they are many— who w 
occupied at present in the investigation of vegetable 
fibres. 

The description of the Pkormium tenax^ its habit and 
rate of growth, cultivation, transplanting, and prt)paga- 
tion, with an account of the native and European methods 
of preparing the fibre, are all brought together here in a 
compact form. The reports, prepared in New Zealand 
by Messrs, Skey, Nottidge, and Hutton, together with 
those of Profs. W. R. MacNab and A. H. Church, prepared 
in, this country, are also very valuable. These latt^ 
appear in full in the new edition, and the former are in 
some particulars more detailed. The book is, however, 
almost a reprint of that which appeared in 1872, in some 
cases even to the reproduction of errors ; thus on p. 2 
of both the old and new editions the Raupo, Typha 
angtisfifolia^ is printed Typhus. 

The most interesting part, at the present time, of Sir 
James Hector’s new issue is, in consequence of its being 
the newest matter, Ujc preface, from which we learn that 
during the last two years the demand for Fhormium fibre 
has been steadily on the increase, and that one important 
application is for the production of twine for use in 
the harvesting machine, it having been (bund that as a 
substitute for wire in reapers and binders no fibre is equal 
to it. 

Revision of the British Act mice. By Prof. A. C. H add on. 

Part I. (London; Williams and Norgate, 1889.) 

This revision of the British sea anemones by Prof, 
Haddon, will be welcomed by all students of this in- 
teresting group. We know a good deal already of our 
native species, thanks to the writings of Sir J. Dalsell, 
Dr. George Johnston, and P. H. Gossc; and the last- 
mentioned author, in his well-known “ History of the 
British Sea Anemones and Corals " (1858), succeeded, by 
the aid of chromo-lithography, in giving very fair repre- 
sentations in colours of the living forms. But the “ Report 
on the Actiniaria of the Chaliengery^ by Richard Hertwig, 
in which he sought by anatomical invesiigations to 
establish a scientific classification of the group, opened 
up a new standpoint for the study of these forms, of 
which Prof. Haddon has most wisely and energetically 
availed himself ] and in this first part of his revision we 
have a most excellent monograph of the Chondracisnina, 
and studies of several genera, which may be re^rded a» 
more or less representing the various stages in the evolu- 
tion of the typical hexamerous Actinise. These Utter 
belong to the families Edu^rdsid<£ and HaUampidcs. 
There is also a description of the remarkable Gonattinia 
pioii/era^ Sars. some notes on Zoantkm and on the 
development of Aettnise. 

Chitonactis marioni^ Parapkellia exptmsa, Bdwardxi^^ 
iecta^ and Halcampa atenarca^ arc descriU^ and figured 
as new species. 

Seven plates accompany this memoir, of which ^ 
first two, representing Chitenactis nukrioni, n. sp., 
dohrnii (von Koch), Actinmge Hckardi (Mkrion), P0^0r 
phellia expansa (g. et sp. nn.), Halcampa arenayea (n* 9p )., 
Chondrcictinta d^ilatn (Mull€r)j and an tmdeso^llMl 
species of Sdgartia, are very beautifully printed in o6l6urS| 
being pei-haps the mast life-like illuftrktioas of AbtlnMa 
as yet published in the Transactions of any of our kaMld 
Societies. ^ 

This jw»pir forms Part V. of the fOwrth vplmne of; tile 
Royri DubUn Society's Tmhsattioiia, 

Pmaicoi Itm-'Famiiing, By tbf Atrtbw of Patfeihi^. 

Making/' dte* (tpttdon r and Ca^ i 

Tttts little voluipe U art attempt td ih a 
form, an account of the principles, and pmctidu of 
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found itig< To b^tn witb> iron^ibunding is an art most 
idlftcWlt forth© non-professional man to understand, e^en 
v^hen going through a foundry, >^rhere the various branches 
of the work are going on before his eyes. How much 
more difficult it must be for a student to get much real 
knowledge of the art from a book it is easy to imagine. 

As an elementary hand-book this volume will, no doubt, 
serve its purpose. At the same time, it ought to be clearly un- 
derstood that the iron-foundry is the only place where iron- 
fotmding can be learned thoroughly. A little idea of the art 
may be obtained by other means, but moulding, of all the 
e^ineeris arts, is the one which requires the practical work 
in an engineer's foundry for its development. The machine 
tool is largely to blame for the deterioration of our skilled 
workmen generally, but this has been least felt in the 
foundry. The moulder must^still have his trade between 
bis fingers to be efficient, and no amount of machinery 
as at present designed will help him to mould, say, a pair 
of locomotive cylinders in one casting. The ^oic is 
carefully written, and represents good all-round practice 
as far as it goes. The illustrations of tools, &c., are clear 
and accurate. N. J. L. 


LETTERS TO THE EDITOR. 

( Tht Editor does not hold himself responsible for opinions ex- 
pressed by his correspondetHis , if tit her can he undertake 
to return^ or to correspond with the writers of^ rejected 
manuscripts intended for this or any other part of Natuhs. 
Pto notice it taken of anonymous communications. \ 

tee Blocks on a Moraine. 


Blocks of ice, so far as I know and so far as I remember to 
have read, are not usual constituents of a moraine. So it may 
be well to call attention to an instance which I saw lately when 
walking over the Gorner Glacier with my friend Mr. J. Eccles, 
who is even more familiar than 1 am with glaciers, and to whom 
the sijjht was novel. At the base of Monte Rosa, where it 
heghiB to rise from the Gomer Glacier, arc two buttresses of ice- 
worn rock J the northern called Oh dem Sce^ the southern Auj 
Her Platte. Between these a glacier, evidently of no great thick- 
ness, descends towards the west, and adjacent to each, rather on 
the in-side, as it may be called, is a little lake. In the northern 
of these (called the Gomer See, and the only one rome flve-and- 
twenty years ago, if T remember rightly) several blocks of ice 
are now floating ; not far from it are (he blocks on the moraine. 
To explain how they attained their present position, in some 
eases more than a hundred yards from the water, and probably 
quite twenty above it, a liltJe more topognaphicaJ description is 
needed. The moraine of which they form a part is not a rldgc 
composed of, or at least masked by stones, but a very gentle 
swell of ice, over which, especially on the eastern side, blocks 
are Mattered in open order. It extends from one lakelet to the 
other, and is produced as follows. As said above, the gljtcier 
which passes between these rock -buttresses is by no moans a 
thick one, but the southern flank of Auf der Platte is swept by 
a huge ice-stream which descends from the snow-flelds of the 
L3r»-yoch, and b prevented from much lateral expansion by the 
pressure of a second ktge glacier which drains the northern face 
of the ZwilHnge, This enormous mass of ice tends to pond 
back the smaller glacier ; thus the moraine, mentioned abo^. is 
mainly formed by the left lateral moraine of the latter, by a few 
^ocks which come down its mid stream, and possibly by the 
tight lateral moraine of th* Lys Glacier. The obstructed Ice, 
However, is forced up so as to form a sort of flattened wave, so 
that if One were coming right down the face of Monte Rosa one 
would mount 50 or 60 met from the margin of the Gorner See, 
or perhaps half as much from the middle part of the Monte 
^osa|hiei«r« and then, after a slight descent, would ac^in ascend 
agenfle wWpe fo order to arrive ;on the Oidtta ice-stream 

^bith Hears the name of the tk^er Glacier, 

blocks of tea ate immerotts. A few of the 1 ai;i^st mast 
" ' ' lit fldcso cable feet-^any vaty ww noop to 5000 

indeed, Id, ^ northern ]^tt.of ^emotatue I think 
,,0?tce«>ds the fpik fh vokrtie. TOe» ice^hloeks, in 
dips, ksx§ mounM dh ice^pedestaki,. join as U In o 
bdiAei ftoppori pedmps a oonplc of fast abo^ 



the level of the glacier. Of course they a^ere **per(.piring^' 
freely under a July sun, and do mt make a long jiarney ; probably 
few succeeding in getting a furlong away from their source. 

Thai these block^s of ice began as bergs in the Gorner See is 
mdubitahle. They have been elevated to their present position 
by the strugggle between the confluent ice-stream*^ ; the smaller 
of these impinging upon the larger .almost at right angles, aztd 
being thus forced upward* by the olistacle. The number of 
the blocks suggests the possibility that the glacier itself may 
form ^rt of the bed of tne Gomer See ; for they would be more 
readily removed from the water, if the actual bed of the lakelet, 
Instead of being at rest, were slowly travelling forward and 
upward. 

The above description illastrates the way in which (as I have 
seen suggested) blocks of rock in paat geological ages may some- 
times have been carried up-hill by glaaers. At the same time I 
may observe that I should myseir m reluctant to found upon it 
any very sweeping genemlization. T. G. Bonnkv, 


The Inheritance of Injuries. 

In tjie notice of Dr. Weismann’s *' Ueber die Hypotheseeiner 
Vererbung von Verletzungen (N aTuke, July 25, p. 303) there 
occurs the following commentary • — It is not so certain that all 
will admit Weismann's contention that the demolition of the in- 
herttance of injuries furnishes strong presumptive evidence that 
acquired characters are not inherited. /£ w Jl be urj^fd 

that there is a j^rcat distinction behveen charac/cts which arc 
obviously tsot useful {suck as injuries') and usejttl chatrictcrtP 

I have italicized the last sentence, desiring to call the attention 
of those interested in the subject to some points of dilforence be- 
tween useful and not useful or disabling variations, as these may 
be supposed to lend themselves to transmission by inheritance. 
The appreciation of these points of difference is calculated, 1 
believe, to greatly assist in settling tlie important question as to 
the inheritance of acquired characters. 

In my work on “ Dissolution and Evolution and the Science 
of Medicine (Longmans and Co.) an attempt is made to show 
from various considerations that non congenital diseases, includ- 
ing injuries, are not inheritable. The chief contention is that 
diseases and injuries are simply disorganizations of pre-existent 
functions and structures. They are not, as useful and normal 
characters are, integrated and organized arrangement.? of the 
organism’s energies, but bocliJy disintegrations inseparable from 
the actions of the environment. Diseases as dissimilar as a 
common bum and general paTalysis of the insane, are shown, in 
the work I speak of, to be alike in so far that they are dis- 
integrations of the body and causally related to the environment. 
It is this intrinsic nature of disease and injuries and their de- 
pendence on external conditions which goes far, as 1 believe, to 
make them uninheritable. Since my work is probably accessible 
10 few of the readers of NatuKK, I may pethaps be permitted to 
quote the following extracts as further argument and ilhmration. 

. ** True diseases, as we have just seen, cannot be separated from 
their causes ; and causes, being of the environment, are not 
handed down But there are additional reasons for the feeble 
hold which heredity has ufwn pathological states. ’When we 
dUcrhftinate between the variations of function and stntclure that 
are passed on by parent to oflspring and those that are not, we 
are forced to see that natural selecnon, working always in con- 
federation with heredity, seizes upon favourable variations. 
Natural selection appropriates organisrhal acqui.>ii(ions. But 
analysis dUdoses the fact that diseases are losses, not gains ; are 
unfavourable variations, and offer no ' purchase ’ for the co- 
operative influence of these two modes of action. , . . But more 
important than bifluencet of this sort is that influence which 
spnngs from the diflfcrenccs of nature and conditions between 
normal and abnormal traits. Normal structures were evolved 
in long periods of time, and have been ttansmitted through 
generations unnumbered ; tberefore, the tendency to their per- 
petuation by Inheritance must be immensely piedominant over 
any tendeni» to the perpetuation by inheritance of the transitory 
changes of disease. I believe that the ‘vestiges * of once useful 
structures owe their astonishing persistence to the fact that t^ey 
have become de^ly premed into the organic arrangement by 
the lekction and transmisrion of such structures for secular 
period This tnakes inteUlgible the rarity with which depriva- 
lion ofa hmb or other part leaves any impress ujwn Offspring. 
Thotfgh cticumcirioD has been practise among the Jews For ages, 
ft has hot produced Congenital preputial imperfection In the race. 
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Not do we ever 6nd tbet imputation of a limb, or loss of the 
cortex of the kidney from Bright^s disease^ is followed by cor< 
responding anatomical deficiencies in children. In the African 
transports to northern latitudes, the dark skin persists through 
indeterminable geDeiations--^ovided there is no cross-breeding 
-^but the endemic diseases of his race are not transported with 
him. 

Hitherto all reasoning upon the heritableness of diseases has 
proceeded on the tacit assumption that morbid changes are sub- 
lect to the same laws of vital action as healthy changes. It has 
neen discovered, however^ that the two are dissimuar both in 
nature and in the circumstances of iheir genesis. The traits we 
every day recognize as inherited are the results of an infinity of 
co-ordinate actions. There may be instanced the bony frame- 
work of the face, the colour of the iris, the gait, special mental' 
aptitudes. Ail these, and attributes of the same order, represent 
a vast integration of forces, groups of organized energies. It is 
this organization which gives them individuality and makes 
their hereditary transmission possible. They are, in other 
words, self-existent, having been independent of the original 
conditions out of which they grew.'’ 

The conclusion I deduced from evolutionary principles, that 
non- congenital diseases and injuries are not inhentable, might, 1 
think, be supported inductively from the facts of medical obser- 
vation, and it is most interesting that the results of Dr. WeU- 
mann^s investigations are confirmatory. But from what has* been 
said it clearly appears, in harmony with the annotation 1 
commenced by quoting, that the non- inheritance of injuries 
is no evidence of the non* inheritance of acquired useful 
variations. C. PiTFiJsLD Mitchell. 

24 Ve Vere Gardens, W. 


ClasBified Cataloguing. 

WttKNBVEk a collection has been catalogued anew, and all 
the numbers are in the motcum order of the specimens, the 
placing of additions at the end, without any sequence but that 
of acquisition, always seems a melancholy collapse of the order 
just Established. So strongly is this felt that some curators even 
enter additions with the same numbers as similar specimens, 
dbtlnguished by letters, as 33470 ; but, as formerly in the British 
Mustttin, this system breaks down when such admtions far out- 
number the original ^tries, and we reach figures like 3247^. At 
the some time this i$ an approach to an entirely different and 
logical system of cataloguing, which ought to be considered. 
Another stage of arrang^nent has been by appropriating so 
many thousand numbers to each branch, so that the articles of 
one class may have contiguous numbers. 

The complete system ^ cataloguing which has been thus felt 
after, and sought for, is what may be called “fractional cata- 
loguing,'* treating all numbers as decimal fractions and ari-aoging 
them accordingly. Thus 31765, 2177, 31 ‘8, and 22 might appear 
as successive tiumbers in a catalogue ; the numbers being ar- 
ranged solely by their successive order of the lefi-hand figures, 
regardless of the length of the number. By this system j there- 
fore, any quantity of additions can be brought into their right 
order without disturbance ; fifty new specimens like No. 371, for 
instance, being numbered 371 ‘Oi to 37 r 50 . 

The first two or three places of the number will therefore 
indicate the nature of the spedmen in any given catalogue ; and 
this leads at once to the desirability of all collections having a 
similar numerical basis for their catalogues, so that if all the 
parrots, for instance, begin with 56 in one colleciion they should 
do BO in ail other museums. 

The first step therefore in classified cataloguing would be to 
acreE on B set of 100 or 1000 numbers, to subdivide each branch 
m setone, the distribution pf the numbers being partly settled 
^ the amage number of specimens, partly by natural divisions. 
Tim in mineralogy, elements might be Ooi to 099 ; binary com- 
pounds too to 390 ; silicates 30P to 799 ; non-metalUc $o{d salts 
000 to 899 i metallic acid salts 900 to 999. In all museums, then, 
aiUcates, m of lime, magnesia,* and alumina^ would begin with 
6ii the dtilwrent species hetng marked 6to to 619, and varieties 
and ^oimens numbered with additional decimals 

lotlowMg firs '47. Th 4 set of numbers in each 

sehmtE fsotito behest fiaed by a committee at some Xdtemiatidnai 
Cbagi^ $9 to insure getimrai acceptance, like the acheate of 

system ^cnfld be— <l) the 

^^‘I bave to be kept like that of a library, enmedt to 



additions at any point, and therefore on slips which could bo 
transferred ; and (2) that the total number of specimens would 
not be known except by counting. These are not serious 
difficulties, and the following advantages seem to entirely 
out-weigh them. 

(i) The numbers would indicate to all students the nature of 
the specimens quoted in any collection. (3) The catalogue 
would be classified in natural order throughout, so that all 
similar specimens would be described together. {3) The 
numbers in the museums would he to order from end to end. 
(4) Any specimens moved could be rearranged by unskUled 
assistance, solely by the numbers. (5) Any object in the 
catalogue or hand-books could be at once found in the musenm 
by Us number. (6) A great help would be given to the arrange- 
ment of minor museums by having a uniform scheme of 
cataloguing fixed. (7) The numbers being in constant use would 
Boon tbrm technical symbols for species, a short-hand briefer 
than chemical symbols even, and applied to all sciences ; and 
also a valuable key to the memory. 

Bromley, Kent. W. M. Flinders PKTRrE. 


Head Measurements of Students at the University of 
Cambridge. 


I WAS rather too precipitate when I stated that the figures 
relied on by Mr. Gat ton were totally inadequate to support his 
conclusions ; f >r, as regards the second of them, viz. that the 
“high honour" man has a head perceptibly larger than the 
“ poll " man, the evidence is fairly strong ; but with regard to 
the other three conclusions, referring to the growth of heads, 1 
must repeat what I have said. In the light of the discussion 
given below of a large number of observations, I cannot even 
admit that the tables and curves given in Mr. Gallon's paper 
(see Nature, vol. xxxvhi. p. 15) ^ive even “an approximately 
true idea of what we should find, »f we had the opjTtOrlunity of 
discussing a much larger number of observations. " 

Having heard that all the measurements taken have been in- 
dexed for reference, I wrat to the laboratory, and, by the kind 
permission of the custodian, copied out the head measurements 
of fifteen individuals, each of whom had been measured at least 
five times. In one cose, measurements hod been taken at 
seventeen tiroes. The average number was 7’1. 

Since the first case quoted in last letter forms one of these, 
1 had better point out that Mr. Galton’s objection to it U un- 
sound. He notes a grouping of the ol^servations, which makes 
him suspect that “some peculiarity in the shape of the head 
caused doubt as to the exact line of maximum height," But the 
observations of height arc 5 * 3 , 5*3, 5*4, 5 ' 5 , 5 ' 5 , and 5 ‘ 6 ; and 
show no grouping, Mr. Gallon must have meant that the 
calculated products were grouped. This is the case, but could 
not be due to the cause he suspects, for that would cause 
grouping in the simple heights. 

The fifteen series of measurements fully bear out the conclu- 
sions which I drew before from two only, The measurements 
of width vary o'l, 0 ‘ 3 , or 0'3 inch, those of length vary to the 
same extent, and in one instance up to 0*4 inch, while the 
height in most cases varies 0*4 or 07 inch. In only two eases 
does it vary so little as o'2 inch, while in one case it varies 07 
inch. The last case (where the figures are 5*4, 5*6, 5'i, 

5*5) is partly accounted for by the fact that the first three obser- 
vations were taken by one observer, tbe other two by a second. 
(The statement in Mr. Oalton’s original paper that all the 
measurements were taken by one observer, most have been due 
to misinformation.) 1 have calculated the probable error of each 
observation of the height of head for each series of observations, 
using the approximate formula 


and 1 find it on the average 0*095 IncK ^'Ace fbe av^age 
height is less than 5‘5lnches, this error mhotmts to 17 par oefit 
If the error in len^h a> 4 wifith ekcH half of this, the 
probable error of the product would be about % ^ cent, 

To test whether an^ of the Variation tbtmd ii 4ue to J 
gtewth, and not to accident^ eivor, | haveitted lolli 
method. Aira^ uU the meaimremeidts ed* 
in the order dates okt which fhqrw^re w ^ 
them into two equal ^touiii* Take the ihetM 
the firVi set, and piit oppoaite them the mmm^ eflhe i 
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do the with the cecond set. On subtractine these we con 
see at onoe whether the head has grown in any direction. 

As on example, G. F. R., who was measured sixteen times^ 
the following mean values : — 


Date. 

Width. 

Length. 

Height. 

September 1 886 ... 

... S'gi . 

.. 7 ‘« * 

• 574 

October 1888 

"■ 5‘94 

.. 7 ' 8 i . 

.. S'fio 


+0*03 ... 

-O'OI ... 

-014 


The differences show the alterations occurring in twenty-five 
months, 

I have calculated the other fourteen cases m the same way, 
and find that if the growth in width of the whole fifteen be 
added together, and Oie same be done with the length and 
height, the totals are only 

•f o'34 inch in width, 

“0"56 inch in length, 

- o’Sx inch in height. 

The average period during which these changes took place was 
thirteen months. 

These 107 measurements which I have discussed therefore 
show a small iHmimiiion in the head capacity as the individual 
grows one year older, but this is so small compared with the 
prol>ab1c error, that the observations are quite consistent with 
the bypothc.‘'is that the head remains quite stationary. 

Ten measurements of the height of one individual, taken at 
successive years from twenty to thirty, would give us a better 
idea of the normal growth during that period, than many times 
that number if each were taken on separate individuals, for the 
range of individual variation at any age far surpasses the 
amount of growth in any one of them. For the same reason 1 
think that the above 107 measurements made on fifteen indi* 
viduals furnish a surer answer to the question, ** Does the head 
of a University student grow after the age of nineteen?” than 
ten times the number made indiscriminately, and simply grouped 
by age. F. M. T. 

Trinity College, Cambridge, August 3. 

The Supposed Connection between Distant Earthquake 
Shocks, 

It is very commonly assumed, whenever seismic disturbances 
at different localities occur synchronously, that, however re- 
motely they may be situated, there is necessarily a connection 
of some kind between the shocks, originating in a common 
cause. A forcible illustration of this fallacy, as I think, having 
rcoratly appeared in your columns, I beg to take this oppor- 
tunity of questioning the position so generally adopted, and of 
testing the validity of the involved theory of earthquake Causa- 
tion by the light of the evidence furnished in the concrete case 
which has been presented in support of it. 

On April 18 a somewhat remarkable earthquake took place 
in Japan, at about the same time that some ratner considerable 
shocks were registered at two seismic stations in Germany. 
1*hese occurrences were ably treated from the point of vipw 
in question in Nature of July 25 (p. 294), by Dr. E. von 
Kebeur-Foschwita, of Potsdam, and argued to a final issue. 

It is token for granted, primarily, under this hypothesis, that 
every minor earthquake- shock at any given point is the effect, 
direct or indirect, of some more violent disturbance elsewhere, 
near or distant ; and it is further supposed that the latter is, in 
Us turn, a more direct result of a volcanic outburst at some 
special centre of activity, known or unknown. From this pre- 
imse it mast be Inferred that no micro-seismic shock. can ever 
take place otherwise than os a throw-off from some violent dls- 
t^rhoiice more or less remotely located. When we examine 
this conclusion, however, and consider more broadly the con- 
eonitont relations of earthquake pAienomena, we shall, 1 think, 
that H ppssessee no foundalkm whatever in facts, and that 
the hypoth^ does not >ettr the sii;ain of such evidence as 
may be oaaaocd ^om reosiit observation* know,, for in- 
aitepii (1) that seismic octiyity is an experience of almoet deify 
in some localities, os in 1«pan» ob^nnsly without 
to the volcanic erupUapte whi^ oCGOsioiiatly take place 
proklmlty ; (e) that/ on the other hand, volcanic «x- 
Bometiindt ocdar immlcotnpanied by atiy wldokpiead 
or endufotlmis f and (3); that the earth*! cimat 

ttancenmrf O^iect to on i^paientiy coastonc !t«le of slight 


vibrations or micro-seismic p^lpitition, in parts of the globe 
where perceptible shocks are less commonly experienced. 

In the light of these facts the theory under discussion might be 
readily disposed of os a foregone conclusion, but it will be more 
satisfactory to prove its fallacy by means of the evidence afforded 
by the earthquakes recorded in these pages as having token 
place atTokioond in Germany on April 18, especially as the data 
nave been so completely recorded by Dr. von Rebeur- Patch witr. 
After considering the details registered by the seismometers 
stationed at Potsdam and at Wilhelmshaven (distant about 220 
English miles), he has applied himself to the problem of making 
these facts fit in with the record of a shock which was ex- 
perienced at Tokio at nearly the same time. It is to be 
remarked that the only source of information respecting the latter 
shock is the note which appeared in Nature of June 13 (p. 
id2), in which the information that a violent volcanic eruption 
was taking place at Vries Island, “possibly 60 miles off,” U 
repeated from a note on the previous page where the island is 
spoken of under its local name, Oshima. Dr. von Rebeur- 
Faschwitz too hastily accepts the connection suggested, and upon 
this slender basis rests his whole argument. 

Now it would certainly happen that any earthquake transmit- 
ting its effects to a locality on the opjwsite side of the earth 
would affect also, in varying degrees, all the countries along the 
line travelled by the seismic wave ; and that a constant ditninii- 
tion in Us force would be a characteristic feature of such a 
phenomenon. Rut what is the actual evidence in the case in 
point ? We are told that at Tokio the maximum oscillation 
registered was no more than about 17 mm., while at Fotsdam 
the greatest amplitude of oscillation is stated to have been 254 
mm. The seismometers in use may possibly be different in type, 
but there is surely not such great difference in construction as to 
cause the complete reversal of the readings, as would be required 
also by the accepted theory ; it may rather be accepted, nb doubts 
being entertained, that the resultant figures may l>c fitly com- 
pared. But the conclusion arrived at is at once seen to be 
absurd, for the lesser shock at Tokio could not possibly produce 
the ninefold greater one in Germany ; while no mention what- 
ever is made of any intermediate effects being produced along 
the path of I he wave. It is, moreover, especially stated (p. 163) 
that this particular shock at 7 'okio was by no means a strong 
one ; its “peculiarity lies, not in its violence, but in the extreme 
slowness of its oscillations.” Yet it is calculated by Dr. von 
Rebeur-Paschwitz that the mean velocity of transmission of the 
wave (occupying ih. 4*3tn.) was *‘2142 metres of propaga- 
tion,” which is really 167 metres above the mean of the different 
rates computed by the two authorities cited. 

Again, the volcanic eruption of Oshima or Vries Island, at 
about 6a miles distance from the main island, which is said to 
have destroyed upwards of r3oo houses, and killed 170 persons, 
took place, on the 18th, but on the I3ih and 14th of April 
(cf. pp. 162 and 179, where fuller details are given). Besides 
this difference in the dates, no exceptional earthquake shocks 
are reported to have occurred at Tokio during the eruption, and 
I faff to see the possibility of any connection between the two 
particular phenomena considered. 

If there were any direct seismic connection between Japan 
and Germany, the Utter country would surely be subject to 
regular transmissions of the shocks which prevad at Tokio. The 
ample data furnished suffice to prove that it is not the case. We 
are informed, in a postscript to the letter under consideration 
(p. 295), that several other shocks were recorded at both Pots- 
dam and Wilhelmshaven about this period, viz, on April 5, 8, 
15, 28, and May 31 ; at Potsdam ahne on April 25, May 21, 
25, and 26 ; and at Wilhelmshaven two shocks were felt on May 
30, “ probably connected with the English earthquake of this 
day,” These various shocks were not experienced equally by the 
instruments at the two stations, and they do not even seem to 
have been necessarily connected throughout, for we are told 
that on May 30 there was “perfect steadiness at Potsdam,” 
while four of we shoclcs mentioned were not felt at Wilhelms- 
haven. 

It is curious to note that no connection is supposed in respect 
of other easthquokeo, and of volcanic activity in nearer p^ox- 
ImSty In Europe, although several such occurrences have happened 
doting tlw same Fedod. Thus, on April 26, several shocjb were 
expenunoud at &haffhausen, &c. (Naturr, vol. xl. p. 84) ; on 
April 27^ a ** severe ” one, lasting 4 seconds, wa! felt at Agram 
(iM. p. 45), a district much subject to seismic dlsturbaoce ,* on 
April 30f there was one along the coast of Norway (p. 133) 3 and 
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on Mfty 8, a ** severe " one, lasting; 3 secondflt took place at 
jMevJe, in Bosnia (p. 84). From Dr. Johnston- La vis we farther 
Icaen that Vesuvius was in a state of active eruption duriiiE the 
end of April and the beginning of May (p. 34}, but no remtion 
is suggested evei^f tn this case, and it is <|mte evident tlxat the 
fkcts do not serve lo prove the connection assumed. 

1 do not wish to assert that id n6 case are synchronous earth- 
uptakes related, for we have undoubted evidence that certain 
shocks have been very widespread from a single centre (as the 
great Lisbon earthrjuaKe in 1755) ; but it is my belief that nearly 
every earthquake, whether large or small, is due to strictly local 
atratigraphical causes, quite irrespective of volcanic agency. 
Having made many fruitless attempts myself to co-oiriinatc 
different welbauchenticated shocks, 1 have been compelled to 
disl^Ueve the theory of their general connection, and have now 
adduced sufficient evidence to show that the verdict pronounced 
by Dr, von Reheur-Paschwitr, that “ we may therefore safely 
conclude that the disturbances noticed in Germany were really 
due to the volcanic action which caused the earthquakes of 
Tokto,’* U not proven, and fallacious. 

4 Mecklenburgh Square, W.C. William White. 


The International Cbemtcal Correction 

A Mi8i>aiNT has Occurred in the notation adopted by 
Chemical Congiw for phenanthrone, The Seeietary the 
Nomenclature Section has alio informed me that a slight modiff* 
cation has been made on the minutes, with regard to acridine, to 
make the notation adopted correspond more closely to that of the 
other ** multi- ring ” compounds. The two formulae should be— 

Phenaathreoe . Acddlne. 



5 4 5 9 4 


Your Correspondent. 


r//A' FRENCH ASSOCJATION FOR THE 
ADVANCEMENT OF SCIENCE. 


The Sources of Nitrogen in Vegetation. 

The discrepancy between the results obtained in the experi- 
ments on plants grO'tvn in free air instead of closed vesseN appears 
to be general, as stated in Nature (p. 333). Some years ago I 
ventured to suggest an explanation of this, based on an observa- 
tion made in me course of some investigations of atmospheric 
dust particles. 

Sheets of paper, smeared with adhesive coatings, and shallow 
vessels of water, were laid on the ground in a garden near 
Willee^den. The resulting catch included far more organic than 
inorganic ihatter, the organic master consisting chiedy of small 
iiTsecta. q''he amount of these was surprisingly great towards 
the end of summer or beginning of autumn, quite sufficient, I 
think, to account for the varying results obtained by Sir J. B. 
Lftwel and Prof. J. 11 . Gill:>ert, especially for the “eccentric” 
behaviour of the Leguminosaf— “sometimes the plants died of 
nitrogen hunger ; sometimes, after a time of such hunger, they 
recovered and produced aVmndant growth.” The explanation 
may be conBrmed or refuted by exposing an un planted layer of 
aierffixcd sand, or other soil, of the same area as that on which 
the experimental plants are growing, and comparing the gain of 
combined nitrogen in both cases. W. Maitiku Williams. 

The Grange, Neasden, August 16. 


0 b Cats Count ? 

After reading all the accounts of the interesting experiments 
lately performed on the famous “Sally,” 1 am persuaded the 
following incident may not be without a certain interest to some 
readers of Nature, 

About two weeks ago, the cat of a dairyman in this neigh- 
bourhood gave birth to three kittens. Next day, one of them 
was removed, during the mother's absence, and drowned. On 
returning from a foraging expedition, and discovering her loss, 
puss immediately set out in search, presumably^ of the misiing 
one. All her efforts in this direction, of course, proved fruklcss ; 
but, evidently determined to at least make up the r^ht number, 
she did so, curiously enough, by carrying off, from its nest dose 
by, a young haiy|, not more than a week old. This she is at 
present suckling side by ude with her own kittens. Xn view of 
these facts the above question very naturally suggests itself. 

Winchburgh, N.B,, August 15. J. T. Walker. 


AnapopbyEes. 

My attention has been called to a statement by ;Prof. Cope 
(Naturp, July ns, p. 398), that anapophyses are “wanting 
from the venebrie of authropkl apes and man, ” He probabty 
means they are very feebly developed, which is true, I have 
found ibeip, however, to exist dlatmctly In and 

Simia from the eleventh dorsal to the second lomoar vert^a, 
and in from the tenth to the fffteenth trunk vertebra, 

ahd abmetimes heghuung as high up as the third dorsid vertebra. 

St. George Mivae^, 

tfwrsfccpt*, ChUwmth, August iz 


T he eighteenth meeting of the French Association 
the Advancement of Science opened under the 
happiest auspices. The magniBcent Exhibition on the 
Champ de Mars and the Esplanade des Invalides, which 
has attractetl to Paris an exceptionally large number of 
foreign men of science, is in itself the most conclusivttproof 
of French energy and the progress of French scicnoe adring 
the laat decade. It is, perhaps, as M, de Lacaze Duthiers 
remarked, a more effective declaration of a sincere desire 
for peace than the utterances of certain diplomatists. But 
there is no place for politics in the principles of the French 
Association. Foreigners of all nations have been wel- 
comed to Paris not only with warm*hearted hospitality, 
but with an artistic splendour of which they may well be 
envious for their own countries, and to which we Shall 
allude later. 

We may mention the presence of Messrs. J. H. Gladstone, 
F.R.S , R. McLachlan, F.R.S., Catalan, Candeze, Istrati, 
Berliner blau, Orloff, Stephanos, Van Beneden, General 
Wauwermans, MM. Szabo, Valdemar Schmidt, Alexeieff, 
Bierens de Haan, Coleman, Colley, Franchimont, William 
Watson, Kgoroff, Joukovsky, R. de Luna, A. Macfarlane, 
Ragona,ThomasWilSon, Bencdikt,HugoGylcl^n, Packard, 
Retzius, de Sclys-Longchamps, Angslrdm, Bnisina, 
Flavitzky, Graebc, Dufour> Timiriascff, von Goldschmidts 
The tirst meeting took place on Thursday, August 8, in 
the large hall of the Palais des Sociiit^s Savantes, which 
has just been erected by private enterprise ip the quaint 
little rue Serpente which now affords a home to so matiy 
of the learned Societies of Paris. 

The President of the Association for the year is the 
well-known Professor of Zoology at the Sorbonne, M. 
de Lacaze Duthiers, who chose as the subject of his 
inaugural address, ** The Development of Zoological 
Method.” 

M. de Lacaze Duthiers began bis address by thar^ng 
the Municipality of Paris for their invitation and for their 
generous subvention of ^1200 recently voted towards the 
year’s expenses. He then made a touching allusion to 
the foundation of the Association. 

It was one day in July 1871, t^t Wurt*, whose geniality 
and whose kindly vivEcity you have not forgotten, to6l< idet 
in his friendly way, by the arm^ and said to me as we left 
the Academy of Sciences^ ^ Come to my house t 042 ) 0 noW 
night ; ! want to speak to some of our ooUeogues Of a.^an 
which 1 much wish m Micceed.' On the Tueed^-wemOt 
at M. Wurta's house^ juht a few friends, MM. DelwuOayp 
Qande Bernard, Decaisne, and One may aaytw 

this was the fim Atedring of the Frendh Assoeiodon- 
** As the only survivor of those Who were our mEse^ahid 
our friends, I could ttot forbear htm speAldhg to you. 0f 
the Intimate conversation In whkrh our 
died. I still seern to Meandbeot Wpria 
enthuSioiitni trifhoo Activity at imes 
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^ll^d^bearied, striding across his drawing-room and giving 
; UB a picture of what our Society should, according to his 
idea, ber-of what it has since l>ecome” ' 

' H. de Laeaxe Duthiers then proceeded to describe the 
of zoology a hundred years ago. 

' *' When 1709 came^ Linnaeus and Bu^on had just died, 

; and their fame was at its ^eatest splendour. They were the 
uahsolute masters of lomogy^ and the whole science was 
^summed up in their work. Yet how different were the 
t^o in their nature and their work^ 

^ Linnasus, precise, methodical, a classifier above all, in- 
troduced clearness and order into the most minute details 
of natural history, and as he proposed a nomenclature at 
xmce simple and precise his influence acquired such a 
preponderance that von H aWee com plained of his tyranny. 
If the reform of scientific language proposed by 
Ltnnseus took such immediate and powerful hold on the 
scleniiflc world, it was because it exactly corresponded 
to the need of the moment. 

Before Linna*tis, the objects of natural history were 
designated by the help of names or phrases formed by the 
addition of adjectives describing their characteristics, 
which overburdened the memory. All this he reduced 
to two words, just as in our families we distinguish the 
variotis members by a family name and a Christian name. 
The ahnplicity, the ease of application, and above all 
the opportune appearance of his nomenclature were the 
causes of its great success ; but we must add that its in- 
trinsic value is such that even to-day we hardly depart 
from the rules on which it is founded. 

** The opposite of Linnttus, Bufifon delighted in broad 
delineations, and his general reflections were animated by 
a potent inspiration. We are carried away and en- 
thralled by the profundity of his thought, the elevated 
standpoint from which he views science. By reasoning 
and the consequences of observations which he interprets, 
he seeks as much to discover what will take place, and 
what must have taken place, as to determine the exact 
nature of what he observes. And thus he was often in 
advance of his epoch, and his lofty views could be 
understood only by the few. 

** Linnfeus, on the contrary, established /ac^s with sim- 
plicity and clearness. 

With qualities such as these, these two men of genius, 
who died towards t be end of the last century, must often 
have been at variance ; and though the name had not 
yet been pronounced, we may already at this epoch 
distinguish between the school of facts and the school of 
theories {Tkole des faits et Vkole du raisonnemtnt). 

** But there was wanting to the works of Linnseus and 
Buflkm a foundation whose necessity made itself impera- 
tively and universally felt. For it was beginning to be 
perceived that the study of the habits, of the geographical 
or^n; and of the external characters of animals was not 
sumctent. 


** Then came Cuvier. It was the great merit of Cuvier 
to see dearly that if zoologists would arrive at a truer 
knowledge of animals, they must not content themselves 
with a description of their exteme! forms, but must 
investigate their internal construction. It was thus 
that he introduced the notion of anatomy into natural 
Wefory,^^ 

fi/f* de Laceie Duthiers proceeded to defend Cuvieris 
memory fiom unjust attacks which it had suflered owing 
to hia opposition to Lamarck. 

** Let m not judgo grwt men by thdr weaknesses. By 
addling to dOpSx^ate themk we often arrive at a contraiy 
resdky and 1««s«m ourtehres by a display of systematk and 
Let us see iti theih ohly what is 

Mild weru Itwnded tha Fiwodi the 

f tniueb Aie(»«Ssdo^ ttro datw » 

iA freodk 


or St kwft lit „ 
SoUlbttHd 


del HttutSv &t«4Se. 


good and great. And then we shall not fail to recognize 
the fact that Cuvier is entitled to our fullest meed of 
admiration,’* 

The lecturer continued by pointing out that Geoffroy 
St. Hilaire and Lamarck occupied the same position with 
regard to Cuvier that Bulfon had held with regard to 
Linnaeus. Their speculations were too advanced, they 
came before their time, 

“Zoology remained stationary for many years after 
Cuvier, and it was not before the beginning of the century 
that new ideas sprang up directing research along fresh 
paths, and profoundly modifying certain branches of 
biological science, 

“It is strange to see how books and observations of 
considerable value often remain obscure for years, and 
are then finally brought to light by some unccpecied 
discovery. 

“ I remember that about the year 1855 Prof. Huxley, the 
illustrious English savant^ wrote to me (I was then Pro- 
fessor at Lille); ‘In England we are all much excited 
about the discoveries of M, Boucher de Perthes.’ You 
ail remember the interest aroused by the discovery of the 
chipped silexes of St. Acheul, and the famous jaw of 
Moulin Quignon. 

“ English geologists came to Amiens. The most lively 
discussions took place, and an International Committee 
was formed to direct an official excavation. 

“ But perhaps the real discovery made, and this 
was due chiefly to the journey of the English jrrrtv/zi/'j-, was 
that of the books, the researches, and the new ideas of 
Boucher de Perthes, which had hitherto passed almost 
unnoticed. 

“ We may say that from this moment dates the study of 
prehistoric times, which has undergone so immense a 
development. The excitement produced by the dis- 
coveries of M. Boucher de Perthes had begun to calm 
down, and researches were being pursued in every direc- 
tion, when the first of Darwin’s essays appeared in 1S58 
and 1859. These dates will remain for ever memorable 
in the history of natural science, for henceforward zoology 
(the only science of which I am at present speaking) 
takes an entirely new direction. 

“ We must acknowledge that whatever the measure 
of confidence we have in the theory of transformism, if 
we admit ii to its full extent, with all its consequences* 
or if we reject it, it calh be a matter of doubt to no 
one that this theory has led to a truly extraordinary 
scientific activity. Partisans and detractors boLh“-“in 
seeking for proofs of their opinions, cither in the mysteries 
of embryology or in the investigation of the animal 
remains in geological strata — all, whatever their method, 
their ideas, their opinions, or their hostility, have caused 
zoology to take great strides, 

“ How far removed we are from the time of Linnaeus, 
when external characteristics were everything— from the 
time of Cuvier, when anatomical notions and the study of 
exterior forms alone guided the classifier 1 

“ To-day, what we seek for first of all is the enchainment 
of animals, either by going back to the forms of the past 
from those of the present, or the converse. We seek to 
explain the varied forms we see by the laws so happily 
formulated by Daiwia — laws, indeed, which are as true as 
they are seductive, . 

** Who dm deny the struggle for existence ? Is it not to 
bo found everywhere ? And who will not admire the effects 
of selection ? But why exaggerate its true bearings ? 

“ Evolution is to be met with everywhere, in the civilized 
world as in the world of Nature, development is the 
great and etexn^ problem, resolved by the destruction of 
some, ^ the advancement of others; everywhere the 
struggle for life shows itself, inflexible and fatal. 

"One may be a partisan or not of the theory of evolution 
--and 1 have not here to declare my own opinions, but 
rather to detemiine the exact influence of certain dis- 
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coveties and certain men on the ptogresa ^ science^-l^ut 
one is forced to bow to facts, and to acknowledge the 
magnitude of the prodigious impulse given to science 
by the great Eng]||sh naturalist. But, as Clapardde would 
say, there are enfants UrrtbUs of evolution — men more 
anxious to be spoken of than to discover the truth. 

“We must carefully distinguish them from the conscien- 
tious men of science who investigate precise facts 
patiently, scrupulously, and laboriously, to deduce from 
them consequences in support of their theory. Men such 
as these make science advance surely, whereas the others 
sometimes compromise the cause. 

“ The only thing to oppose to exaggeration, the influence 
of excessive enthusiasm, is recourse to experiment. To- 
day, that is the great reform which we feel to be as 
necessary as those Other reforms of whose history ! have 
spoken.” 

Before developing this idea, the lecturer spoke of 
Lamarck, and of the reason why his ideas were not 
adopted during his lifetime. 

“Of late years people have thought they had re- 
discovered LamarcK, and have severely blamed the 
generation of zoologists who neglected for half a century 
the author of the * Philosophic Zoologique.* 

“ It is true that in the works of Lamarck there are whole 
pages which contain the theory of transformism com- 
pletely developed, to which Darwin has added nothing, 
and which we may say he has but confirmed. 

“ But if Lamarck had not the satisfaction during his life- 
time of seeing his ideas admitted, it was that the minds 
qf toologists were not • sufficiently prepared for them ; 
it was that he had not the rare good fortune of finding a 
precise and lucid formula, whose truth is evident, and 
which is necessarily accepted by all. 

“Some of Lamarck’s conceptions of Nature are even 
difficult to understand, and especially to make clear to 
othet‘8 ; and I do not see that even his moat ardent ad- 
mirers have insisted on this portion of his work, and yet 
it is by no means inconsiderable. 

“ We should have been glad to see it more clearly ex- 
plained than it is in the original, and brought within the 
comprehension of all, and one wonders why it should 
never be referred to. 

“ For a reformer to succeed, his idea must be striking in 
brilliancy and precision ; it must master us by its 
intrinsic seduction. 

“ Take D at win, showing us the struggle for existence 
taking place everywhere and at every instant, and leading 
to the selection and survival of the victor. 

“ Take Cuvier, who, it was said, reconstructed an extinct 
animal from a figment of bone. A statement like this 
appealed to the imagination of the masses, and he excited 
the admiration of a whole generation when he compared 
an organism to an equation of which we may determine 
the unknown by the known quantities it contains. 

“ If Lamarck did not have the success he deserved, it 
wa« because of the abstract form he gave to his opinions, 
and the often naive proofs which he adduced in confirma- 
tion of . his theories at ^ moment when enthusiasm and 
popular attention were diverted to another aspect of 
science. 

“Xamarck was, moreover, regarded as a visionary 
because he believed in the possibility of forecasting the 
weather from observations of the atmosphere and of the 
forms of cloudSi and yet who would now blame him for 
his hopes ? 

“Lainarck was a man qf genius who foresaw the 
advanees of sdtnce on many sides, but who did 
not possess the faculty of being able to present 
his ideas in a, felicitous form intdligible to his con* 

The lectttrer then returned to his theme, that 
xxiental research id.soology is the need of the hour, add 


proceeded to give some striking examples of Uie tetuUi : ^ 
to which it has led. 

Firstly, he described the alternation of generations in 
the gall-producing insect, whose two forma were origin^ \ 
ally known as Biorhixa and Teras. The Bu>rh»s» a 
wingless and asexual form, is born from eggs laid in the ; 
roots of the oak ; it crawls up to the branches, and 
causes the gall excrescepce as it lays its unfertilized 
From these eggs issue the sexual winged form Tera^i ' 
which conjugate; and the female then lays her egge 
in the roots of the oak, and from these spring the \ 
Biorhizae. i . 

Pie then spoke of the strange metamorphoses of a cei^! 
tain insect Sitaris^ semi-parasitic on a species of bee, 
Antkopht>ra^ which have been investigated by M. J. H*' 
Fabre, and of those of the lobster. In all these cases, 
forms supposed to have been different have proved 
to belong to the life-history of one and the same 
animal. 

“ It is because zoology is at this moment at a critical 
period, and because of the positive nature of the affirma- 
tions made by the partisans of transformism, that the 
methods of the science must be modified, and that 
besides simply registering the existence of spwHafe we 
must have constant recourse to the test of expfti(|ijpBiUt 
Such is the conclusion at which we logically ard^ 
which to-day, I repeat, has become imperative. 

“ I have sought to point out to you the considerable 
part which our country has played in the progress of the 
natural history of man and of animals during the century 
which is drawing to a close. 

“ I should have wished to speak also of the origin and 
development of other branches of biology, of comparative 
and general anatomy, of experimental physiology, an- 
thropology, and palaeontology. But I think 1 have said 
enough to show that I am justified in spurning the re- 
proaches and inimical accusations so often made against 
us, that P" ranee is a country in which scientific work is 
on the decline, and whose decadence is at hand. 

“ VVe open our meeting full of joy in the present, of hope 
for the future, in presence of the imposing spectacle 
whose success has but increased since it began in May, 
and which demonstrates the inanity of these accusations. 
Let your labours, varied as they are important, prove 
once more, during a year so fertile in pacific manifesta- 
tions, that we work only for the restoration of our country, 
and that the peace of which others speak much, and perhaps 
believe in but little, is the sole preoccupation of all men of 
sense, of all who are in earnest m this country of France— 
France whose desire is to remain free and independent, 
ever animated by the most generous and patriotic of 
sentiments.” 

At the conclusion of M. Lacaze Duthiers' speech, whtqh 
was most enthusiastically cheered, the Treasurer an- 
nounced that the receipts for the year had been 
the expenses ^3480, and that the total capital of the 
Association amounted to ^35,060. An important legacy 
of about /7000 had been bequeathed to the Association by 
M. Girard, for the promotion of researches on prehistoric 
man. 

The proceedings concluded with a report on last year’a 
meeting at Oran, and the members then adjourned to the \ 
Ecole des Fonts ot Chausstfes, where the Sectional sittings 
took place. 

The French Association is subdWded into eeventoen 
Sections and sub-Sectlons : (j and 2) Mathematics andi 
Astronomy ; f3 and 4) Civil and Military Engineerings JUad,*' 



ScSepice ;<>3)A«rlcult»»W « 

(rt) Pfldggpgy ; 

Am l^aumie .ftiitnlwt ’ puperti , 
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;iSi&cHon4. We may meat ion (Sections i and a), M. 
;Jcuikowskir an apparatus for determining moments of 
iaertia, (3 and 4) M. Tichou, on a universal paddle- 
Vheel ; by altering the direction of the paddles, a steamer 
may be reversed without reversing the engines. (5) MM. 
Bauie and Fdret, on a method for reading the oscillations 
^ m the balance with great precision ; the authors employ 
simple optical arrangement, which allows them to 
\mtimate the i/2oooth part of a milligram by the displace- 
ment of a series of Newton's rings. (6) MM. Alexeieff 
Werner, on the heat of neutralization of certain 
. :mmatic compounds ; the authors show that the general 
Results already acquired enable one to determine in certain 
cases the position of disubstituted compounds. Messrs. 
Gladstone and Perkin, on the relation between constants 
of refraction, dispersion, and magnetic rotation in organic 
compounds. M. Cazeneuve, on camphor derivatives. M. 
Franchimont, on the action of nitric acid on organic 
bodies according to their function. M. C. Chabrid, on 
the synthesis of selenium organic compounds. M. Raoult, 
on a new fonn of the apparatus for cryoscopic observa- 
tions ; the author produces cold by the evaporation of 
carbon disulphide. M. Meunier, on insoluble crystalline 
of mannite and sorbite, with the aldehydes, 
isolate these bodies from organic mixtures (the 
juice Ilf fi*uit, &c.). M. Berlinerblau, on a sweet body, 
NHj, . CO . N H . QH4 . OCiHn. M. Istrati, on new gen- 
eral methods for the synthesis of aromatic compounds. 

g M. Crova, on the standardization of actinometers. M. 

Abbadie, on the qobar. M. Angot, on the representation 
of the variation of temperature by a harmonic formula. 
(8) M. Szabo, on the opal mines of Hungary. M, Malaise, 
on the Belgian Olethamias. M. Bleicher, on the glacial 
formation of the Vosges. (9) M. Tijniriazeff, on the ro/e 
of light-intensity in the assimilation of carbon by plants. 
M. Mer, on variations of structure in the wood of pines. 
M. Clos, on certain cases of hybridity in plants, and rm the 
vegetation oi ^farcha$ttia polymarpha, (10) M. de Lacaze 
Duthiers, on the fusion of nerves and ganglia in MoIIusca, 
and on the interpretation of the membrane which separates 
them, M, Beauregard, on the Cetacean car. M. Packard, 
on the distribution of the organs of taste in insects. M. 
Sirodot, on the dentition of elephants, M. Jourdain, on 
the necessity of conjugation for the continued propagation 
of Protozoa. M. de Varigny, on the action of certain con- 
vulsive poisons on Carcinus mcenas, (m) M. A. BertiUon, 
on the anthropometric characteristics of the French nation 
classed by the departments. M. V. Schmidt, on the Stone 
Age and the prehistoric Iron Age in Denmark. M. de Mor- 
tiUet, on right- and left-handed individuals in prehistoric 
times. M. Manouvrier, on anthropometric researches on 
, natives of Algeria. Dr.Maurel,on the relation of the section 
of the thorax to the height and the length of the foot. (la) 
M. Massif, an instrument for determining the position of 
the fissure of Orlanda M. Steinhaus, on the causes of 
Suppuration. M. Jolly, on the use of iodine in tubercu- 
losis. M. Luys, on the pathological anatomy of mad- 
ness, and on the action of rotating mirrors on the ner- 
vous system. M. Michel, on the influence of drinking- 
urater bn public health. (13) M. Kunckel, on the de- 
struction of locusts in Algeria. M. Ladureau, on a 
rapid method of colorimetrical analysis for nitrates. M. 
Dehdrain, on the loss and gain of nitrbgen in arable 
l^dsand oh the graphic representation of crops. (14} 
M. Castonet des Fosses, on tne future of the Ne^o race. 
5^ Gau^iot, on a roote for tnming exploration from 
Bmsgfcole ia Korat The Frhice of Mmaco, on dragging 
ie deep waters M/ de Gueme; on an exploration of ^the 
Fomo de Gracioaa (Azores)^ <15) Nf. Arthur RafTalovlch, 
hbon^nic IdgUlatloh in England in tfiSS. M, Mar* 
on thh true motives for tha introduction of free 
Into Eoj^nd. M. Ch. Gradf^ on insorahce agaiojst 
^ sign end m Gnemeny. (16) M, Frederic 

bn h i^etn of writing which pertnks blind pnnpln 


to communicate with the non-blind ; M. Paul Passy, on 
spelling reform ; M. Herzen (of Lausanne), on the or- 
gani ration of certain secondary schools to enable them to 
continue the teaching of the primary schools. M. More), 
on the organization of the ensei^emefft spMal in 
the secondary schools of Paris. (17) M. Delthil, on 
diphtheria and its treatment. M. Teissier, on diphtheria 
at Lyons. MM. Dubief and Brutel, new experiments on 
the value of sulphurous acid as a disinfectant 

The work of the Sections was most usefully supple- 
mented by visits to different institutions and to the 
Exhibition. Sections 1 and 2 inspected the collection of 
calculating machines at the Conservatoire des Arts et 
Metiers, under the guidance of M. Ed. Lucas. Sections 
3 and 4 examined the new steerable balloons with the 
inventor, Commandant Renard, while various other parts 
of the exhibition of the Minister of War were explained 
by officers of the special departments. Section 6 in- 
spected the fine collection of chemical products at the 
Champ de Mars (Class 45), general explanations being 
given by MM. de Clermont, Riche, Suilliot, Billault, 
Istrati, and others. M. Tanret showed his interesting 
exhibit, including specimens of pelletierine, the alkaloid 
of the pomegranate bark now so extensively used as 
a ttenifuge, and ergotine, the active principle of ergot of 
rye, by whose discovery M. Tanret has rendered such 
signal service to therapeutics ; and last, but not least, 
M, Grimaux, Professor at the Ecole Polytcchnique, gave 
an account of the fine exhibition of Lavoisier’s papers and 
instruments, which he had selected from the collection 
of M. de Chazelles, to whom they belong,’ and pointed 
out the portrait of M. and Mme. Lavoisier, by David, 
in the Palais des Beaux Arts. Section 7 met at the Ex- 
hibition to see the instruments which record the direction 
and the vertical and horizontal components of the wind 
on the top of the Eiffel Tower, the results being trans- 
mitted electrically to the Palais des Arts Lib^raux, and 
inscribed on MM. Richard’s revolving drums. The 
Section also met at the Central Meteorological Office to 
sec experiments on cyclones by M. Weyher. .Sections 
8, 9, and 10 inspected the fine galleries at the Museum, 
which have just been opened. 

Other scientific visits were paid to the Tnstitut Pasteur, 
the sewers of Paris, and to various glass-works, gas- 
works, &c. On Thursday^ August 8, the Municipality of 
Paris threw open their magnificent suite of rooms at the 
Hdtelde Ville to the members of the French Association ; 
while extraordinary animation was lent to the scene by 
the presence of the students of Paris and their foreign 
comrades, 8000 guests in all having been invited. On 
the following evening, the Association was received by 
M. Yves Guyot, the Minister of Public Works, and Mme. 
Guyot at the Ministry in the Boulevard St. Germain. A 
concert was given during the evening by members of the 
Opdra Comique ; while the gardens lighted up by 
Chinese lanterns afforded a pleasant change from the 
crowded s<ilons:. 

On Sunday, August il, an excursion was made to St. 
Germain-en-Laye, and to Mcudtfn, dinner being served in 
the orangery which belongs to the beautiful grounds of 
the Astronomical Observatory, directed by M. Janssen. 
M. Janssen offered a warm welcome to the members, and 
aaio that he should Ise very willing to let his Observatory 
be used for the scientific purposes of the Association. 
On Monday, Augiist 12, a lecture was delivered by 
General Tcheng-Ki-Tong, on the social ccononiy of 
China. On Wednesday, August 14, the Association 
offered a banquet to Its foreign members at the Restaurant 
d’Alsace- Lorraine on the first story of the Tour Eiffel. 

M, de Lacaze Dutbiers made a snort speech, in which he 
declared that he would not say good-bye to the foreign 
guests, hilt m as he hoped to sec them all again 

, > M, QdeWttX hM publiihttd thi« yw a reniarlcabU m^iMSraph on 
Aloanji 
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at the meeting of the Association next year at Limoges. 
That they did not forget past events was proved by the 
name of the fesuurant in which they met^ biu he firmly 
believed that " temps prime la force*' and he drank 
to the peace of the Whole world,’^ 

MM* van Beneden, Dekterev, Istrati, Hartog, Ramon 
de Luna, Llaurado, Stephanos, Timiriazeff, and Watson, 
spoke in the name of their respective countries, and drank 
to the cause of peace and to the prosperity of France. 

On Friday, August i6, a general excursion took place 
to the paper work it at Essonne, and to the works of M. 
pccairviJlc (the constructors of the narrow-gauge railway 
in the Exhibition), who offered a lunch to their guests. 

Thus concluded this brilliant and successful session of 
the French Association. 

All foreigners must have carried a^vay with them a 
pleasant memory of their welcome. Special thanks arc 
due to Prof. GarieJ, the Secretary of the Association, 
and to the Vice-Secretary, Dr. Cartaz, for the remark- 
able kindness and courtesy they showed to the foreign 
guesu. 


EXPERLVfEl^TS ON ELECTEO^MAGNETIC 
RAD/ATJON, JNCIA)DJi\G SOME ON THE 
PHASE OF SECONDARY WAVES. 
f N continuation of some experiments which were de- 
* scribed in Nature, vol. xxxix. p. 39 j Repetition of 

Hertzes Experiments and Determination of the Direction 
of the Vibration of Light **) attempts were made to obtain 
periodic reaction of electric raliaiion from plates of 
different thicknesses, analogous to Newton^s rings, with 
the view of further identifying these radiations with 

light.” 

It was there described how a sheet of window-glass 
refused to reflect the Hetlzian waves, but how a masonry 
wall reflected them readily. The non-reflection from the 
thin sheet is due to the interference of the reflected waves 
from each side which takes place owing to a change of 
phate of half a period on reflection at the second surface, 
as in t'.ic black spot of Newton's rings. 

By making the reflecting plate such a thickness that 
the reflection from the back has to travel half a wave- 
length further than that from the front, the two reflections 
ou^ht to be in accordance, for they differ by a whole 
penf>d, half arising from difference in path, and half from 
change of phase on reflection ; but if the difference in 
paths were made a whole wave-length by doubling the 
thickness of the plate, there ought again to be inter* 
ference, and so on. 

The first plan tried with this end in view, was to fill a 
large wooden tank to different depths with water or other 
liquids. On gradually filling the tank reflection should 
be obtained, and at a certain depth equal to j/4 (X sec r)/p, 
reach a maximum ; further addition of the liquid then 
should dimmish the reflection, and at double the above 
depth the reflection should reach a minimum, the two 
wavM interfering. 

The mirrors for concentrating the radiation had for 
thispurpoae to be suspended over the tank as shown in 
the figure. The tank was first tried empty, but unfortu- 
nately the wooden bottom was found to reflect, thus it 
whs useless few the purpose intended, I then tried what 
ought to have been tried before constructing the tank— 
namely, whether ordinary boards, such as flooring, 
mflected. Tho was found to reflect readily. This 
wae attributed to moisture ih the wood causing it Co con* 
duct, special^ ob wood was found not to polarize by 
reflecdhcL Expof^mencs were then undermkea to deter- 
mine if waller even though in thin sheets. A 

large glass was placed beneath the mitsrors and 

dooded with M'atef ; thie was found to reflect welh bo|h 
the mmppt ww in the position, shown and whw 
rotated to the pbaUmn ‘^ at right angles.*’ Thus water 


also acts like a metal, reflecting the radiation howeiW) 
polarized. The glass had to be hardly mom than damp’ 
in order to get some reflection. 

The wooden tank being unsuitable, a glass tankwae 
thought of, but was given up for solid paraffin, which/ 
being in slabs, could be easily built tip into a vertical 
wall of any desired thickness. Through the kindness of 
Mr. Kathborne a large quantity of this was lent for thfr 
purpose. 

A thin sheet of paraffin about 2 centimetres thick wat 
found not to reflect, as was expected. Next a wall r^cenri-^ 
metres thick (iSo centimetres long, 120 centimetres^ 
high) was tried, and found to reflect, this being the 
thickness required in order to add another half period to 
the retardation of tlic wave reflected from the back at an 
incident angle of 55% the wave-Iengih being taken as 
66 centimetres, and the index of refraction being taken aa 
15 1, the square root of 2'29, the value taken as the 
specific inductive capacity of paraffin. 

Then a wall twice the thickness was tried, but it also 
reflected, contrary to expectation. While in doubt as to 
the cause of this, it was decided to make a determination 
by direct experiment of the index of refraction of paraffin 
for these waves, by a method suggested in N ATITRK (vo). 
xxxix. p. 393), which consists in interposing a sttfdt or 
wall of paraffin between the resonator and the metallic 
reflection in the Hertzian experiment of loops and nodes 
which arc formed by tlie interference of the reflected w-ave 
with the direct radiation ; the ratio of the velocity in the 
wall to that in the air being easily found from the observed 
shifting of the loops and nodes towards the screen. 


Fig. X. 

In this way the index of refraction for the radiation of 
the period employed was found to be about i'8, so that 
the paraffin walls which had been used were too thick ; 
The proper thickness being about 10 and 20 centimetres 
—exactly so for an incident angle of 5I^ On making 
this alteration I fancied I could detect a slight difference 
b^ween the refleccions from the thick and thinner walls ; 
still the difference was not sufficient to be at all satiftfiictory* 
The nature of the observing apparatus makes it almost 
impossible to say if the reflection on one occasion is more 
intense or less so than on another so long as sparks can 
be qbuuned. This is due to the sparkin^point in thie 
receiving apparatus continually requiring readjustmeut 
when working with small sparks, as the distance between 
them changes either frbm shaking or from the points 
getting burnt up. Dust and moisture from the observer^ 
breath are also troublesome.^ Thus it might bo quite 
possible that the points had alvvays to be much e&ser 
with the 20 centimetre wall than with the 10 centimetre 
wall in order to get sparks, and yet the differentto ptmpt 
detection ; the thing observed being whether sparketeoii 
be obtained or not, the eye bekig incapaMe Of eoatpiiring 
with any dt^ee of accuracy the intensity of light 
occasion with that on another. ; ‘ ' 

However, if it had bm possible to $add»fihft!ha^ ' 
the walli while viewing the sparkihgi from bpii^ W 
20 centimetres^ it would have bebn eai^ to de^ 
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difference «^1iich might have existed, but unfortunately it 
took some little time to alter the wall. 

In order to obviate this difficulty the following device 
was resorted to with the object of showing that there was 
a diffiarence in the behaviour of the wall when 10 centi- 
metres thick to its behaviour when 20 centimetres thick. 
(For at the time 1 did not see that the experiment was 
inconclusive, the efifects observed being the same whether 
the back rejected at all or not). A sma^I sheet of zinc 
was placed at the back of the wall, and the efTect on the 
sparking observed while an attendant suddenly removed 
or again replaced the xinc. It was supposed that when 
the wall was 20 centimetres thick and there was sparking, 
that on suddenly placing the zinc on the back the spark- 
ing would increase, owing to the phase of the reflection 
from the back being half a period different from that 
of the reflection from the zinc ; but when the wall was 
10 centimetres thick that the presence of the zinc would 
diminish the sparking. 

It was with no little surprise that the reverse was ob- 
served. That is to say, placing a sheet of sine about 30 
centimetres square on the back of the wall actually aided 
the reflection from the back so as to diminish the spark- 
ing with the 20 centimetre wall, but increasing it with tlie 10 
centimetre wall. This observation made it look as if it 
moat be on the first reflection from the paraffin — that is to 
say, on passing from a rare to a dense medium- that the 
“ change of phase occurs, and not at the back,— at a re- 
flection from a dense to a rare medium, as is ordinarily 
supposed. For Hertz’s experiment of loops and nodes 
showed that there was no change of phase on metallic 
reflection—that is, of the displacement. There 

is a change of phase of the electric displacement. It is 
important to bear in mind that the electric loop and the 
magnetic node occurred at the same place, and of course 
so too the electric node and the magnetic loop. 

In order to investigate this, attempts were made to 
obtain Hertz’s loops and nodes off a paraffin wall as reflec- 
tor, but no reflection could be discovered, the intensity of 
the vertically reflected rays being insufficient. However, 
by inclining the incident radiation to an angle of 57"*, the 
intensity of the reflection was found to be amply suf- 
ficient. With a circular resonator, which is for these 



waves about ro centimetres in diameter, sparks were 
Obtained close to the reflector, the circle being held at 
right fugles to the wall so as to be equally inclined to both 
direct aird reflected radiation, and this was confirmed by 
a stmight resonator giving none therei At 30 centimetres 
4 rom the wall ^ there was interference with ine circle, and 
vigorous sparking with the straight resonator. This l^ing 
4 bput the right distance for the loop to be from the 
reflector at an incident angle of 57°, 

^ /’-p 4. cos af) m if cos I. 


^U8 there is no doubt that it i* on the second reflection 
that the of |»h^ 

, lim,the|o^wa8 adlffibuky^he smalt sheet of sine at the 
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back of the paraffin undoubtedly reflected with a change 
of phase, while, according to the Hertzian experiment, 
metallic reflection is unaccompanied by change of phase. 
On mentioning this to Prof. Fitzgerald, he pointed out to 
me its complete agreement with wave theory. For by 
considering the secondary waves produced by dividing up 
a primary wave with reference to any point into half- 
period zones, it can be seen that the effect of the primary 
is equivalent to half of that arising from the central circle, 
and in consequence is half a period behind the phase 
which would be at the point if an infinitesimal portion of 
the centre alone acted. For the effect of each nng can be 
considered as destroyed by half the effect of its two 



i 

neighbours, and thus half the effect of the central circle is 
left uncompensated. But the distance of the edge of this 
circle is half a wave-length further from the point, than its 
I centre is, so that the resultant phase at the point will be 
behind that due to the centre, but in front of that due to 
the edge, which effect would be half a period behind that 
arising from the centre. Taking the mean between them, 
the resultant phase then at the point is a quarter of a 
period behind what it would be if the centre alone acted. 
Thus it was that the reflection from the small sheet of 
zinc differed from what i had expected it to be. 

Experiment showinj^ Phase of Secondary Heaves. - To 
experimentally test this, the small sheet of zinc was used 
; as reflector in the Hertzian experiment of loops and nodes. 

I Employing the circular resonator, the position of inter- 
1 Terence was found to have shifted out from 17 to over 24 
centimetres, which nearly corresponds to an acceleration of 
phase of a quarter of a period, the wave going in all nearly 
a quarter of a wave-length further, and nevertheless being 
I still only half a period behind the phase on starting. The 
furthest out the loop could be is 25 '5 centimetres : to 
obtain this would require an indefinitely small reflector. 
Of course, when the resonator was close in to the sheet, 
no change of phase was found to occur, the sheet being 
then practically infinite. 

Another interesting observation was made. A lonf 
sheet of zinc 30 centimetres wide was found to act simi- 
larly to the sheet 30 centimetres square, provided it was 
placed with its breadth parallel to the electric displace- 
ment. When thus placed at 34 centimetres from the 
circular ‘^resonator,” there was interference, but on 
rotating the reflector so as its length was pirallel to 
the electric displacement, spat king occurred, and now 
the ** resonator” bad to be brought back to 17 centimetres 
in order to a^ain obtain interference. This experiment 
is interesting m connection with the electro-magnetic way 
of looking at the acceleration of phase as being due to 
the accumulations of electricity on the edges of the re- 
flector, wdiieh is the same as the reason why it is necessary 
to use long- cylindrical mirrors, as was pointed out by Prof. 
Hertz in’ a, letter last February to Prof. Fitzgerald. This 
experiment is really the same as Stokes’s experimentum 
erucis. as Prof. Fitzgerald points out 

If, instead of using the whole primary wave in the 

* I hatU tikl«d t’lB rfiihef than ihe ffant ^b«bly di» to thw 
iwt bema ft" exact pcHr^d cr h&lf period din«ranl (rom rach other. 
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former experitnent, it be passed through a screen with a 
hole in it (either squauie or a long slit at right angles to 
the electric displacenmnOi the position of interference^ as 
might be anticipated, was not shiAed out as much as 
before. In the i^ough experiment made, it was found to 
occur at about 19 centimetres from the screen. 

It was now thought well to repeat the determination of 
the index of refraction with a larger wail and metallic ! 
reflector than had been used before, as this change of 
phase might have affected the former results. ' But it was 
found that it had not done so to a sensible extent. How- 
ever, the result of these new experiments was finally to 
pve for paraffin, /x «■ 175, and at the same time it was 
found that the wave-length given by the “ vibrator was 
68 and not 66 centimetres, as had been assumed. 

Two new knobs for the ** vibrator’’ had been made, and 
the fact had been overlooked that they were slightly larger 
than the old ones, which gave a wave-length of 66 centi- 
metres. These new knobs were electro-plated with gold, and 
were a great saving of trouble, as they could be cleaned bv 
merely rubbing with paper ; apparently, the gold which 
was* carried across by the sparking in the form of a black 
powder coining off, but some may have reburnished on. 
It was a curious thing that, if the knobs were left un- 
cleaned over-night, the next morning it w^as very hard 
to get the black off, some molecular change probably 
occurring. 

If the value of /x thus found be not in some way due to 
the paraffin being in separate blocks, it would show a re- 
markable anommous dispersion for paraffin near these 
curiously slow vibrations, and, as suggested by Prof. 

’ Fitzgerald, may be connected with the vibration periods 
of atoms in the molecule, as it can hardly be connected 
with the vibrations in the atoms themselves. It might 
be interesting to investigate whether these slow vibrations 
could cause dissociation, and thus lead to a photographic 
method of observing them. It may also be allied with 
ordinary electrolysis by very long period currents, as is 
also suggested by Prof. Fitzgerald. 

Assuming^® 1 75,' and A=68 centimetres, the thicknesses 
of the walls in the “ Newton's ring ” experiment, as above 
described, were wrong. However, it was found more con- 
venient to alter the angle of incidence to suit the walls 
than to change the thickness of the walls. Thus, the 
mirrors were put at 35", which is the proper angle with 
the above data for 10 centimetre and 20 centimetre 
walls. On' now repeating the experiment, better results 
were obtained than I should have anticipated. When 
the wall was 10 centimetres thick, continuous sparking 
was easily obtained, but, when 20 centimetres thick, it 
was only after much adjustment and patience that per- 
haps one slight spark could be obtained. This was quite 
sufficient, considering the nature of the wall, for it was 
only built up of plates, which afforded internal reflections, 
weakening the transmitted rays, and also since it requires 
the sum tS iht effects arising from the multiple reflections 
back and forward inside the wall to completely interfere 
with the front, and sonie of these are lost at the edge of 
the beam. Frkd. T. Trouton. 


/€£ GRoivrm 


QEVERAL of the Arctic Expeditions have instituted 
^ bbscryations on the rate of growth of the ice during 
the winter, and in the “ Contributions to Arctic Meteoro- 
logy,” vol* i., 18&S, records of this nature are given (ot the 
fouowir^g stations: t^ulf pf Boothia, Assistance Bay, 
Pott Bowen, Walker Bay, Cambridge Bay, Camden Bay, 
Princess Roykl Islands, and Mercy Bay. The second 


‘ Thl« value seiariiatioa experimviiis. No refleodoo wan 
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German Arctic Expedition has al^ ond^taka^ such 
investigations and published results in its report (Leipsfg, 

^874). 

In the present paper these observations are compare 
with the results of the theory of ice-formation, the basts 
of which has been explained by the author in a paper 
on some points in the theory of the conduction of heat 

The theory gives for the thickness (X) of ice formed in 
the time {f) the following formula, which is approximately 
correct — 



In this formula (c) is the specific and (A) the latent heat 
of ice ; (k) is the coefficient of conduction, (ir) is specific 
gravity, (/) is the temperature at the surface of the ice at 
the time (/), (/t) the sum of cold for the same time j the 
last is the sum of the temperatures counted downwards 
from o* C,, from the commencement of ice formation up 
to the time (/). 

The squares of the measured ice-thicknesses were taken 
and multiplied by the factor contained in the above for- 
mula, and the differences between the successive values 
were divided by the sums of cold for the corresponding 
intervals of lime. The quotients for the different obser- 
vations of each station differ in some degree from each 
other. Those which are most regular are the Gulf of 
Boothia, Assistance Bay, Port Bowen, and the German 
Expedition. The mean values for these four stations arc, 
respectively, 0*877, 0-851, 0*869, and 0*878. Of the sta- 
tions which show considerable differences, Walker Bay 
gives 0*919, Cambridge Bay 0 780, Camden Bay 0791. 
The smallest quotients are, 0755 for Princess Royal 
Islands, and 0*700 for Mercy Bay in the first winter, 
whilst it iso*8io for the second winter. 

We may take 0*87 as the normal value of the quotient. 
If any station gives considerably less than this, it may 
be concluded that some disturbance of the process of 
ice formation has occurred, such as, if the station 
was affected by a warm current which brought up warmer 
water, and so delayed the formation of the ice. 

The units for the figure 0*87 are the Fahrenheit degree, 
the English inch, and the day. For Celsius, centimetres, 
and the day, the figure would be 10*092. P'rom it the 
coefficient of conduction of Polar ice,/^, is 362*4. If the 
second be taken as the unit of time, the value of ^ would 
be 0*0042. 


DR. C FORSYTH MAjOR^S DISCOVERIES IN 
THE ISLE OF SAMOS, 

are glad to learn that Dr. H. Woodward, who has 

just returned from Florence, has secured for the 
Paleontological Department of the British Museum 
(Natural History) the valuable Collection of Vertebrate 
remains of Lower Pliocene age obtained by Dr. C. 
Forsyth Major during the year 1887 in the island of 
Samos, in the Turkish Archipelago. Dr, Forsyth Major 
lately contributed to the C0mpt^ r^ndus (vol evil* 
pp. 1178-81) a preliminary notice of this collection. 
Among the remains are a large number of forms specie 
fically identical with the mammals from the equivaleia 
deposits of Pikermi in Attica, BaltavUr in Hun^ry^ Stud 
Maragha in Persia ; but there are also some new tytKis, 
which are of interest either from a dtstrlbuUonal or 
a purely zoological point of view. Among these new 
forms ts a species of ant-bear {Oryder^us\ wUch 
is the only representative of 4>at ^entrs yet known 
beyond the Ethiopian regiom A large pangoliiii 
is estimated to have been nearly three times thO sw m 
the West AfHcan Manis it made ^ 

the new genus and is of bkerest as 

ihg how the African pangotihs may have been eohneoM 
with' those of Indian Ferhkps the mdst 
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^pe is a laree ruminant, referred by tbe author to the 
GiraffidiS^ ana stated to connect Helladoiherium and the 

f iraffe with some of the aberrant antelopes of Pikerml 
inally, a lar^e ostrich is especially noteworthy from a 
distributional point of view, since we now have remains 
of this genus from Samos, the Thracian Chersonese, and 
Northern India. 


Jablanica, Bosnia. The direction of the Betsmic wave wa<i fronv 
south-east to north-west. According to a telegram from Mostar, 
a shoeV, lasting ten seconds, was fell there also on August 17. 
Some damage was caused to the railway line between Mostarand 
Ostrojac, while at Konjica a wall collapsed. The duration of 
the shock at the latter town was only five seconds. 


NOTES. 

Wb r^ret to have to record the death of the eminent 
American physicist, Prof, Elias Loomis. lie was Ixirn at 
Wellington, Connecticut, in iSii, and was educated at Yale 
College, where he acted for some time as tutor. He was suc- 
cessively Professor of Mathematics and Natural Philosophy in 
Western Reserve College, Ohio ; Professor of Natural Philo- 
sophy in the University of the City of New York ; and Professor 
of Natural Philosophy and Astronomy in Yale College. The 
Utter appointment he received in i860, and he held it until his 
death. Prof. Loomis was the author of more than 100 scientiSc 
treatises. Among his works was a scries of text-booki on 
mathematics, natural philosophy, astronomy, and meteorology. 
Of this scries more than 500,000 copies were sold. During the 
last twenty-five years of his life he devoted himself chiefly to 
original research, and gave much time and energy to the pre- 
paration of a full account of the principles of meteorology. He 
was a member of various American and European scientific 
Societies. 

On August 19 the fiftieth anniver'^ary of the foundation of the 
Observatory at Pulkowa was celebrated. Among those prc&ent 
on the occasion were the President of the St. Petersburg 
Academy of Science, the Grand Duke Constantine Constan- 
tinovitch, the Russian Ministers and Court dignitaries, the 
German and French Ambassadors at the Russian Court, and 
deputations from the Universities and Academies of Russia, and 
from foreign observatories, including Greenwich and the chief 
German observatories. Numerous congratulatory telegrams were 
received. The Caar expressed in a telegiam high appreciation 
of the scientific merits of the Uhservatoiy. 

This week the meeting of the Photographic Convention of 
the United Kingdom is being hehl in London. Tt was opened 
on Monday in Si. James’s Hall, where an interesting coIlecUon 
of photographic appliances and specimens of the best photo- 
graphic work had been brought together. In his Inaugural 
address, Mr. Andrew Pringle, the President, reminded his 
hearers that the present year was the fiftieth of practical photo^ 
graphy, and traced the history of tJie art from its birth to ita, 
>tthllee. 

At the meeting pf the Linnean Society of New South Wales 
on June a6, Dr. Oscar Kats read a paper giving an account of 
experimental researches with the microbes of chicken -cholera. 
In this paper the author describes tbe investigations undertaken 
by him since last year with regard to the microl^es of chicken- 
chdera. The larger portion of the experiments were made on 
wil4 rabbits ; in addition, the action of the microbes on domestic 
poultry, as well as bn indigenous birds, on hares, guinea-pigs, 
and ferrets was studied. A number of other points in the life^ 
hiitory of the chicken-cholera bacteria are dealt with in the 
paper : for instance, their behaviour when transmitted through 
the bodies of rabbits in successive generations ; towards desicca- 
tion, putre^tion, &c. Rabbits were repeatedly protected 
laps^ a vhhlbiit infection, ^ causetiQence of having pre- 
>i^}y portaiten# at Intervals, of cuhuines of the microbes In 
tho latter had been killed by moderate heat< 

A 'Ow'Angtrtt 17, ai 1 oVlock a^m., a aewe earthquake shock 

im i^ulatoi^ charact^, lastt^ kix «#oocidSi was at 


The Pilot Chart of the North Atlantic Ocean for the month 
of August shows that fine weather prevailed generally over the 
greater part of the North Atlantic during July. The only 
storms worthy of notice were two w hich prevailed in the western 
iwt of that ocean ; the first was situated in latitude 40° N., 
longitude $8* W., on the loth, and moved across Newfoundland 
on the 16th ; the next day it was joined by the second storm,, 
which passed out to sea from the coast of New Jersey on the 
iSlh. The storm then travelled about north-north- east, and 
disappeared off the south coast of Greenland. Much fc^ has 
been experienced along the Transatlantic routes, and icebergs 
have been numerous, within the usual limits. 

The Report of the Meteorological Commission of the Cape of 
Good Hope for the year 1888 contains monthly summaries and 
results for 38 stations and rainfall statistics at 292 stations, 
including returns from Basutoland, Orange Free Stale, &c. In 
addition to the tables, there are some extremely interesting 
diagrams showing the actual rainfall in 1888 at a number of 
stations throughout the colony, as compared with the aver.age 
rainfall. They show that in nearly all months the fall in 1888 
was# much above the average. Storm warnings arc not yet 
issued, but weather telegrams are received from a number of 
stations, and after correction and collation, reports are sent to 
coast stations and entered on charts, for the information of 
seamen and others. 

VoLS. I.X. AND X. of Ai/i' dem Archiv der Deutschtn Scewartt 
contain reports of tbe activity of that institution during the 
years 1886 and 1887. The collection of observations at sea, and 
at distant stations, has been carried on with vigour, while weather 
telegraphy and the verification of chronometers and nautical 
instruments also receive great attention. Dr. Neuraayer regrets 
that the ever-increasing routine work curtails the lime for scien- 
tific investigation, yet the volumes contain many valuable re- 
searches by members of the staff, to some of which we can only 
very briefly refer, although all are worthy of careful study. In 
vol. ix. Dr. van Bebbcr, dealing with typical weather-con- 
ditions, investigates the passage of barometric depressions 
over 'Europe during the years 1881-85, in continuation of a 
former paper referring to 1876-80, The object of the dis- 
cussion is to trace the influence of the depressions upon the 
weather, with a view to the discovery of the laws of the 
changes of direction of their tracks, and of their rales of pro- 
gression. The author shows that the depressions move along 
certain tracks with greater velocity than (he motion of minima 
generally. The text is illustrated by twenty plates. The other 
articles arc : on the determination of the refraction constants ; 
and remarks from ships* logs relating to weather, &g., in Eastern 
Asiatic waters, In vol. x. Dr. Kdppen contributes a useful 
paper on the determination of alr-temperalure. The author 
investigates the influence of radiation on different thermometers 
and screens, and gives a of the experiments with regard 

to the latter m various countries, and of the observations on 
local differences of temperature (including the influence of radia- 
tion). These experiments seem to show that screens through- 
which the air can freely pass ore better than large shelters, 
and that the effect of radiation is lessened by the free circula- 
tion of the air^ and by the smallnesB of tbe thermometer-bulbs. 
M, MdUer contribntei an article on the circulation of the atmo- 
sphere between the equator and the Potea. The results arrived 
at dlfer from those of Prof. Ferrel, especially with regard to the 
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<orc« of westerly winds in latitude in the lower nnd upper 
-strata. The volume condudes with an artide on Combe’s 
lapparatus for testing ehrdnometcrs. 

From the sta^ktica of the Education Department in India 
•during the past year, it appears that the percentage of those 
•of school-going age who actually attended was ii'H as com- 
pared with 107 the preceding year. The total attertdance 
increased about iao,ooo on the preceding year, but the numbers 
lat the traitiing^chools fell from 5716 to 4761. Year by year 
the Mahometan pupils have increased, and during the past year 
their numbers were 804, 485 ns against 752,441 in 1886-87. 
total expenditure on cducafion has increased from 2, 52, 4r, 414 
rupees in 1S86-87 to 2,61,91,280 rupees in 1887-88; but the 
indirect expenses— tliat is, the cost of inspection, buildings, 
-scholardiipa, &c. — fell from 54,11,098 rupees in 1886-87 
52,81,471 in 1887-88, The fees increased from 65,29,958 
rupees to 72,94,023 rupees. Except in the circumstance that 
the numbers attending the training-schools have declined very 
'much, the Government thinks that everywhere marks of great 
progress are shown. The expenditure by local bodies on educa- 
tion has also increa.sed from 37,14,579 rupees in 1886-87 
46,41,551 rupees in 1887-88. 

A Swedish paper gives an account of some experiments 
msde by Captain R. von MUhlenfels in Carlskrona in storing 
live fish, his object being to discover the maximum degree of 
confinement they could bear without deteriorating in quality. 
With this aim he placed 1300 kilogrammes of live cod in a cask, 
•covercH within and without with asphalt tar, and of about 52 
cubic metres in content. The cask was firmly fixed in n stream 
of fresh running water. During the first few weeks of their con- 
finement the fish grew thinner, and had deteriorated in quality. 
At the end of six weeks, however, it was found that those 
which remained had much improved by their captivity. 

The French y&mttai recently contained a report which 

Prof. Edmond Perrier had sent in to the French Government on 
the subject of the best mentis of protecting fishermen against 
porpoises. Although the depredations of these creatures have 
been exaggerated, it is certain that they do considerable damage, 
especially orii the Mediterranean coasts of France, by tearing the 
nets. For at letust a quarter of a century past, eflTorts have been 
made to lessen the numbers of the porpoises by offering a reward 
tier head, and by other remedies. In 1865 the Government 
invited the fishermen themselves to organize a seine- net fishery 
for porpoises, and they were offered special nets, and sums of 
from 5 to 25 francs for each animal. It was, however, found 
in practice that as soon as the porpoises felt themselves to be 
surrounded, they simply jumped over the scine^nets and were at 
large again. Some years later the fishermen of Cannes, Saint 
Troi>ey, and Da Ciotat petitioned Oovemment to lend (hem a 
gun-boat, filled with torpedoes, for the purpose of firing at the 
porpoises. This was done* ami the cannon and the torpedoes 
scared away the porpoises for about eight days, luit they scared 
■away the fiah as well, so that there was no fibbing for at least a 
week, The porpoises, moreover, are too numerous and too agltc 
to be shot, one by one, in an effective manner. The report 
atunsupihat the cmploymem of artillery against porpoises U 
perfectly useless, that a reward for killing them singly is equally 
unavailing, and that the only thing to do U to encourvge the 
fishermen to unite In Phasing the porpoises, and tn forming a 
mutual insurance guarantee ygalnat their depnedatlans. In ibe 
meantime the Department of the Marine might cobrinne t6 in- 
^iemnify, to a certain extent, the proprietors of any nets that 
have been vei> aeriottsfy tojatecL 

A FRViTFUt study may be made of the sociology of imall 
aeotions of a community. M« Dumont finds in the rurhl- com- 
munes of France much individuality jas regards density, wealth, 


mobility, birth, marriage, and death rates* &c. We wilt give h fiew 
facu from his interesting paper Unlike Udiat 

usually occurs near large towns, the eleven rural communes In 
the outskirts of Caen are with one exception (MondevllW) being 
depapulated. Great mobility in the rural populations is generally 
associated with a low birth rate, great fixity with a high one. 
Examples of a low birth rate occur in the cominnnes near Cacn 
(13 to 17) ; on the other hand, the natality is high in some of the 
p3or and miserable communes of the Coies-du-Nonl (46 to 41). 
Side by side in the same department, and even the same canton, 
are very different birth rates. For the nine ommanes of Palm- 
pol (C6tes-d«*Nord}, some 20,000 inhabitants, the rate varies 
from 20 to over 30. In Bretagne, with a generally high birth 
rate, there are isolated communes with a very low one ; and two 
communes are cited, which are apparently much (dike, and 
where subsistence is drawn from the sea, but the birth riite of 
oneis35'i, that of the other 217. In the canton of Istgny 
(Calvados) the birth rate was in general steadily low throughout 
the century till ten or twenty years ago, when there was a re- 
markable rise. The marriage rate in Ile-de-Re is considerably 
above the average for France, while the fecundity of marriage has 
of late been going down. But one commune, the small town of 
Saint Martin, shows a recent decline of its marriage rate (25 per 
cent, in three decades) while the constancy of its low birth rate 
points to an increased fecundity of marriage. The death rate in 
many communes (those of Douvres, is now much greater 
than early in the century. The increase of illegitimacy and high 
mortality of infants are often obviously the cause of a rising death 
rate. 

CoNSiDEiiiNG the progress of biology, Dr. Diising remarks 
(in a recent number of HumboUH) that for 25 years the cFI M*t of 
zoology has been mainly to determine the descent of animals by 
means of their morphological features. The flourishing of 
morphology has been favoured by the discovery of a large num- 
ber of lower forms of animal life. But the time is not far off' 
when it will become more an<l more difficult to diecover new 
animals, and those known will have Iwen efficiently described. 
Investigation will therefore he directed more to the modeofllb, 
which, in the case of most animals, is but little known. This 
demands long observation and a special talent of observation, 
which is quite different from that required by morphology. 
Several investigators have entered this sphere, studying especially 
the higher animals ; but most continue in the direction impressed 
on zoology by Darwin, The prevailing tendency is exempUfied 
in the founding of a Professorship of Phytogeny at Jena. And 
it is a remarkable fact that the present occupant, Prof. A. Lang, 
is one of those who are leaving the older patlis for bioUgy, as 
shown by his recent work, which is entitled “ On th*^ influance 
of a fixed motle qf life on animals, and on the brigih of non- 
sexual propagation through fission and balding/' 

The Kcw HitlUtin for August consists of a full account of the 
fluted scale-insect {fary/a pMrekasi^ Maskell), which U deacrlbed 
as one of the most destructive pests injurious to plants. Pf 
years it has mode its appearance in South Africa, New ii^aland. 
and California. The I>est account of the insect has been pub* 
lished by Prof. Hiley, and the results Of his inquiries are 
easily accessible in the BulhHn to a wide circle of raadets^ * 

Mr. Wray, Curator of the Museum of Perak, In the Malay 
Peninsula, communicates to the Penak % 

note on the mango ^cevU, a pest which has latoly aonsit 

alarm in various parbi of the Eoat Mr. Wixy fieftOribes It W 
a small heetle the nmnjfOM lii Pets** pi*ttCaW6y“#e 

Introduced varieties, which has bean eaamioed aod fimwi 
identical with the mango weevil of India* khOWti to as 

‘pf^P^9r/0fiuJkt/s . of ''Jjabifich^ 

rusty-grey liKsect about a quarter an Inrh hmgt 
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it and its ravages have long been known, little or nothing has 
np to the present time been discovered of its habits. It U l>e> 
Keved that it Jays iU eggs in the flower or very yonng frnit, for 
in the ripe firuit tliere is no external mark to show where it 
gained an entrance, and it is not until the perfect insect eats its 
-way out of the mango that it is possible to tell whether any 
particular fruit is sound or diseased. Some varieties of the 
tnsngo enjoy compltte immunity from the atta9ks of this insect, 
and it has been noticed that even particular trees of varieties 
which are not so favoured always escajie. This fact seems to 
hold out the hope that, by careful selection, good varieties of the 
fruit could be raised which would not be subject to the attacks 
of this destructive pest. The character which renders the fruit 
unsuitable as food fur the weevil is, and probably always will 
remain, unknown, as our senses may not be keen enough to 
detect the particular taste or smell which prevents the female i 
from laying her eggs in the fruit of the naturally protected ; 
trees. 

Dr. HfcNRY C. McCook is about to issue an elaborate work 
on “American Spiders and their Spinning-work.'* It embraces 
studies extended over move than fifteen years, and will be printed 
in three volumes. Volumes 1 . and 11 . will contain the author’s 
personal observations, studies, and illustrations of the habits and 
industry of spiders. The studies are particularly directed to the 
spinning habits of the great group of spiders known as orb- 
weavers ; but these are expressed in their relations to all the 
other tribes in both hemispheres. Volume 111 . will contain the 
systematic i>art of the work, and embrace descriptions of the 
orb- weavers of the United States, illustrated by a number of 
lithographic plates, painted by hand in the colours of Nature. 
The volumes will be illustrated, wholly from Nature, the 
number of engravings in the first volume alone exceeding two 
hundred. 

Messrs. J. ani> A. Churchill hope to publish in Septem- 
ber a work on “ Fuel and its Applications," by Mr. E. J. Mills, 
F.K.S., and Mr. K, J. Rowan. It will be the first volume of a 
large work on chemical technology, of which Mr. C. E. Groves, 
F. R.S., will be the general editor, and which will be founded 
on one written by Hichardson and Ronalds, familiarly known as 
“ Knapp's Technology. " Messrs. Mills and Rowan’s work on 
fuel, is in reality a new work, dealing with the applications of 
fuel to arts and manufactures as introduced by the most modern 
dUcoverlct. The volume is profusely illustrated. 

Messrs. Georgk Philip and Son have published a new 
edition of Mr. T. Rhodes’s useful “Steamship Guide and 
Holidays Afloat. ” The work has been thoroughly revised, and 
much new information is embodied in the present edition. * 

4 wOltK on “The Microscope in the Brewery and Mall- 
houset” by C. G. Matthews and F. C. Lott^ will be published 
early nekt month by Messrs. Bemrose and 

A Caxc^tta firm has published a book entitled “The 
Gam(r» Shore, and Water lUrds of India, ^ by Colonel A, Ee 
MessarfCTr ^bicK Is on attempt to describe the miSoellaneous 
of India. The author treau of the birds under three 
hcads^nan(>^e^y, “Scratchew/* ** Waders," and “ Swimmers,"— 
Olid, beeidM classifying them under these heads, he gives the 
notiVe, names of the bifds In the various langoages^ Tihtre are 
in all W Ulttstmtiass. The book might well be enlarged, 
partloalMy by the addition of a list of i>laoes where the variou4 
spedfls be foond. 

'-ftm nddlrioha to the ?oolqgical Sodiety'a Gardens during the 
mwek Mudje a G^^ldlled To/atAcoti {C^ffylJkaix 

Albina, pies^ttd by Eady Charlotte 
Griffith ^ a Water Chevtotaia (A0^d'm^/r^r4r afuatitus) 
i VdUow Macaw {Atm aranmna) 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 AVGUST 


fTTOR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean mklixight, counting the hours on to 24, 
is here employed.) 

At CrttHwich on AuguH 25 


.Sun rises, 5 b< 4ni. ; souths, izh, im. 50'6s. ; daily decrease 
of southing, 16*48. ; sets, I9h. om. 1 right aac. on meridian, 
loh. i7*6m, ; deal. 10* 37' N. Sidereal Time at Sunset, 
lyh. 17m. 

Moon (New on August 26, i4h.) rises, 3h. 21m. ; souths, 
ilh. 16m.; sets, i8h. 59m.: right skc. on mcridtaii, 
9h. 3a"om. ; deck i8" o' N. 


Plnnet. 

Rists, 

Souths. 

Set*. 

Right anc. and declination 
on merufian. 


h. IT. 

h. m. 

h. m. 

h. m. 

5 if> N. 

Mercury,. 

6 3.5 • 

*3 3 - 

• 19 33 - 

. n i8*s 

Venus ... 

I 20 . 

. 9 17 . 

17 14 

. 7 32’4 

20 35 N. 

Mars 

3 ^ • 

. ID 43 . 

. 18 25 . 

., 8 58-2 

18 21 N. 

Jupiter ... 

15 43 - 

. 19 36 .. 

23 29 

>7 S3 2 

. *3 2S S. 

Saturn ... 

4 16 .. 

M 35 ■■ 

. 18 S4 . 

- 9 506 

14 «9 N. 

Uranus ... 

9 28 .. 

. 14 56 .. 

. 20 24 . 

.. 13 12*6 . 

7 4 S. 

Neptune.. 

22 y*,. 

5 57 •• 

• «3 47 • 

.. 4 U'S 

19 26 N. 


* Indicates that ttte rlxiug U that of the precudmi; evening; 


A UR, h. 

25 ... 5 ... Jupiter stationary. 

25 ... 20 ... Saturn in conjunction with and 2" 28 south 

of the Moon. 

27 ... 22 ... Mercury in conjunction with and 4“ 42' south 

of the Moon. 


V^ariablt Stars, 


Star. 

R A. 


Dcct 




h. m. 



h. 

m. 

Algol 

3 io 


40 3* N. . 

.. Aug. 27, 21 

10 m 

S Li(»rtc 

.. u 551 

... 

8 SS. . 

.. M 29. 0 

48 m 

R Scorpii ... 

.. 16 uo 


22 40 S. . 

-. n 29, 

M 

S Scorpii ... 

.. 16 in 


22 37 «• • 

‘ M 3 E 

Af 

U Ophmehi... 

.. 17 10*9 


1 20 N. . 

. „ 28. 3 57 





M 29. 0 

5 

K Sagittarii... 

.. 17 40’6 


27 47 S. . 

. ,, 26, I 

0 Af 

Y Sagittarii... 

.. 18 149 


18 55 S. . 

. M 28, 2 

0 M 

R Scuti 

.. i8 41 ‘6 

... 

5 50 S. . 

. »* 29, 

m 

U Aquilce ... . 

.. 19 23'4 


7 16 S. . 

. 29, I 

0 m 

T Vulpoculse 

.. 20 46*8 


27 50 N. ., 

. M 30» 22 

0 IfS 

M «ignii)ea maximum ; m minimum. 



Met Skewers. 




R.A. 

Dccl. 



From Fisces ... 




... II N. . 

.. Swift. 


Near R Trianguli 



30 

... 36 N. 



„ a Camelopardalis ... 

70 

... 65 N. . 

.. Swift ; slreakr. 

,, 3 Cephei .. 

33 fi 

... 57 N. . 

.. Swift. 



GEOLOGY IN RUSSIAN 


"npHE Geological Committee of St, Petersburg has made an 
imp ulant contribution to Russian geology by bringing out 
a new sheet of the Geological Map of Russia, covering (he 
Southern Urals.® A volume of explanatory text accompanist 
the map. It appears from the recent explorations of the 
members of the Commitioe that, contrary to the current 
Opinion as to the Southern Urals consisting of a number 
01 chains radiating from Mount Yurma, the great chain con- 
sists in its Southern parts of a number of chains parallel to 
one another, and all running from the south-west to the north- 
east. The mab> water-parting is built up of gnmiles, syenites, 
and gnekses, considerably worn down by denuding forces ; it ha» 
a steep slope towaids the east, where its b^e disappears 
beneath the Tertiary deposiu, while towards the west it is over- 


■ mmoirt (voh, ik and iu.) and IwtHia (vol*. iv. and v.) of the Husslnn 

... 

, i ** HMUeurs. 

‘ ExpUcaiitm da ta 

Omer ky Awplusky and Th. Tdbamysheff, in v^I Ui. No. ». 

<ln Riwsian, with Mimmades in Preach.) 


Geokmtcal Committee. 

* “Carte gkSoiiqUe gdndm e de In Rustle, ” Faille 139:’ 
uroMFldciae/' by lUrpinsI^ and Th. Tchamysh^} 
sSSumder rOttr«t mrfridlwwl. by A. nod •* ExpUci 
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lido by thUik beds of Devonlsm, PermUa, and Cai^boniferous 
depoftitf, and these strata are so folded as to make several pansllel 
chains rising more than 3300 feet above the sea, and containing 
the highest summll$ of the region: Further west the country 
assumes the chaij^cter of a pUteau which is built up of neariy 
horizontal strata of the formation — st characteristic of the Urals— 
whUh has a fauna intermediate between the Permian and Car- 
boniferous of Western Europe. Above this there are Triassic 
deposits. 

Several other contributions will be devoted to the same 
region. One, already published, contains a most elaborate work 
**0n the Lower Devonian Fauna of the Western Slopes of the 
Urals/' by Th. Tchemysheff. Until 1880, the bituminous, gray, 
and dolomlticiimestones of the Urals— very poor in fossils sa a 
rule— were thought to be Silurian, but M. Tchemysheff describes 
107 species recently found in these limestones, and shows that 
their fauna ts of I^wer Devonian age. This conclusion is of 
great importance, as it throws light on the age of the very same 
series of limestones, quartzites, and slates in Siberia and Turke- 
stan (also arrayed in ridges running south-west to north-^t). 

Another sheet of the geological map covers the most interest- 
ing region on the right bank of the Lower Volga/ Upper Car- 
boniferous strata appear in that region in the deeper ravines 
only ; the Cretaceous formation is represented by beds belonging 
to the Apiien and Neocomian groups of the Lower Cre- 
taceouB, as also by the Cenomanian, Turonion, and Senonian 
groups of the Upper Cretaceous. Nearly the whole of the 
region is covered, however, by Eocene clays and sands; 
boulders, partly of local origin, and partly carried from North- 
Western Russia, are stre wn over the surface, and the manner of 
their distribution is such as to exclude the possibility of transport 
by floating ice. Prof. SintsofT concludes, therefore, that the ice- 
-^heet ofjRussia extended as far south-east as the Volga under 1 
the 50th degree of latitude. 

Finally, an important contribution to the palaeontology of 
Russia—*' The Ammonites of the Aspidoccras ocantMatm ' 
Beds of East Russia"— U published in the same Memoirs I 
(ii'i 3) hy Prof. Pavlow. These beds, which are met with in 
Simbirsk and the Southern Urals, have a mixed fauna, the 
characters of which may be best explaioed by the statement 
that during the Jurassic ^riod Central Asia was under the sea, 
and that this basin was in connection with the Jurassic basins of 
both Tibet and Central Europe, 

Besides the above larger works, the Geological Committee has 
brought out two volumes of izvestia {Buliefins)^ which contain 
a mass of valuable information. Prof. MushketofTs notes upon 
the Kalmuck Steppes arc, os usual, rich in most suggestive 
remarks about the activity of wind and water in the desert. He 
shows also that during tne Quaternary period the Caspian Sea 
did not extend further west than the Ergheni HilJs, communicat- 
ing with the Black Sea through the Manytch Valley only. In 
a paper on the limits of glaciation in Central Russia and the 
Urals (voL iv.J, M. Nikitin shows that the ice -sheet extended 
in Russia as far south as 48"" 30' N. latitude on the Dnieper, 
and 50” on the Volga.® In a subsequent paper (vol, v,), devoted 
to the post-glacial deposits of Germany, the same author dls- 
tin^isbes two different kinds of loess, one of which may be due 
to the agency of wind. Many papers are devoted to the Urals 
— ^their crystalline rocks, the traces of glaciation (M. Krotoff, in 
vol. iv, fasc. 9), and the intermediate Pertnian-Carboniferous 
beds, the fauna of which, according to Prof. Stuckenberg, con- 
lains forty-one Carboniferous species, thirty»four Permian, seven 
species belonging to both, and twenty-throe characteristic of the 
Petmian -Carboniferous groups* Four papers are devoted by M. 
Mikhalsky to Poland, and it appears that the beds of Poland, 
which were formerly thought to be Jurassic, most be regarded 
as Neocomian— that is, Cretaceous, M, Lagusen describes a 
new sub-genus, Lycophoria^ of the Stropkomemike family ; 
Prof. Schmidt deals with the glacial and post-glacial deposits of 
the Baltic provinces ; M, PavJow describe the Bxogira vir^ila 
beds, as also some Cretaceous and Tertiary deposits of Sputh- 
Bast Russia ; and M. Nikitin gives a sketch of the CarbonHerous 
deposits and the loess of Samara, 

Another work, issued by the Russian Geological Shirvey* 
deserves especial mention on aoconnt of its generat interest and 
walue. This is the annual bibliography of works on ghdogy, 


tfonslatioa ofthu paper basbesn iMShndwd 


mineralogy, paleontology, &c„ published in Ruasuh or works 
published elsewhere which refer to Russia (**Bibtioib^que g^- 
fogique de la Russie "), Brief abstracts, in Russian with aFre^nch 
translation, are given of the more important papers. The titles 
are given in the original language; if the original Is Russian, 
then a French version is given ; Tf the original is not Russian, 
a translation into this language is added. 

The publications for the year 1883 number 256; for 1886, 
356 ; for 1S87, 40S ; and for 18S8, 39a But the later series 
include omissions in earlier numbers. The editor of this useful 
annual is M. S. Nikitin ; his chief assistant in the work is Mdllc. 
Marie Tzwctaev. 


BCIEMTIFIC SEFIALS. 

American Journal of Science, August.— On the observation of 
sudden phenomena, by S. P. Langley. 'J'he paper deals with 
the apparently inherent defects of human observation, especially 
in recording unexpected natural phenomena, its object being to 
reduce this personal error to a minimum. The author believes that 
a means may be found by which any jwrson, skilled or ignorant, 
may make not only meridian observations, but an observation of 
any sudden visilde event, of whatsoever nature, so accurately 
that no correction need be applied. An instrument constructed 
for the purpose, and here illustrated, has been tried by various 
observers in various ways, the probable error for any single 
obscrv.ition being rather less than one- twentieth of a second.— 

A spectro^hotometric comparison of sources of artificial illumin- 
ation, by Edward L, Nichols and William S. Franklin, These 
experiments, made in Cornell University during the summer of 
1888, consist in the spectro* photometric comparison of various 
artificial sources of light and c>f daylight with that emitted by a 
sixteen candle-power incandescent lamp. The sources of light 
subjected to measurement were a standard candle, variovjs 
|>etro]eum and illuminating gas flames, a lime-light, two electric 
arc lights, clear daylight, an incandescent lamp of high resistance 
at various temperatures, and an incandescent lamp of low resist- 
ance at normal candle power. The general result is that candle- 
power as determined by means of the Bunsen photometer affords 
no correct measure either of light-giving ener^ or of ihc lumin- 
osity of the source of light, the direction of the error always 
being svich as to favour sources of a low degree of incandescence 
when compared with those of higher temperature.— On the 
possibility of hemihedriam in the monoclinic crystal system, with 
especial reference to the hemihedrism of pyroxene, by George 
H. Williams. A fresh study of the remarkable crystals of 
pyroxene from Orange County, New York, recently deseribed 
by the author as hemimoiTJhic, seems to show that they should 
rather be regarded ns hemihedral, and that they are by no means 
an isolated instance of this peculiar development in pyroxene.— 
On the earlier Cretaceous rocks of the north-western portion of 
the Dominion of Canaria, by George M. Dawson. The purpose 
of this paper is to call attention to certain facts recently brought 
to light respecting the equivalency of the Queen Charlotte Islttods 
and Kootanie formations, and to the importance of the elM^ier 
Cretaceous rocks, of which they are representatives, over 
areas of the western and extreme north-western portion or Ifce 
continent. These facts are just now specially intere.-t^ from 
their analogy to those lately developed by Mr. R. i|iWl 
respecting a similar earlier Cretaceous formation in thie 
western region of the United States. — A new occurrenii of 
gyrolite, by F. W. Clarke. This iqwcimen, from ^0 New 
Almaden quicksilver mine, California, is shown on analyst mbd 
by comptriBon with How*s figures for a Nova Scotia gvr^Ue, 
to be a somewhat impure gyrolite asf^octaled with ^phyUit«v 
and agreeing anproaimately with the formula Ca^Si^Oj . 

— On action of light on allotrooic silyer, by M, Cetey Lea. The 
author's further studies of this subject show that It^ cart 
convert yellow or red*y^lJow alJotropic silver to white, and cause 
the b1ue«green modification to pass to the gOld-yellow.— Pap^ 
were contributed by J, F. Kemp, on certain porphyritebostoein 
North- Westeto Near Jersey by W. B. Dwight, on rf cent 
ex{dpmtioflB In the Wappfngftr Valley limoWoSes and btner 
formatloAi of Dntdieto County, New Yoirlcj by £ 

Becto, onicUkica 4 d»;aRdbyO. C, Mav»h,>onfigaxi^Hpm 
Difipsauri# A'dm the Cretaceous. Mr, Man^ also W 

memoir on the dliooyery of Qtcltauebua Mammalia, , 

.the subject With fdates of tl>e tum of Atneya^ 
epooU mammals, ' ^ 7':^ 
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SOCiET/ES AND ACADEMIES, 

London. 

koyftl Society^ Maya,— *‘ 0 a the Spectrum, Visible and 
Photographici of the Great Nebula in Orion. By WilUam 
D.C.L., LL.D,, F.K.S., and Mrs. Huegina. 

Ihave ^dded the name of Mrs. Huggins to the title of the 
paper^ be^uae she baa not only assisted generally in the 
'work, but baa repeated independently the delicate observations 
made by eye. 

In the year 1882 I bad the honour to lay before the Royal 
Society a note on the photo^aphic spectrum of this nebula, in 
which I described a new bright line in the ultra-violet, to which 
I gave a wave-length of about 3730. In addition to this new 
line, tbe lines of hydrogen, HjB and Hy, which 1 bud discovered 
by eye in my early observations on the visible spectrum, were 10 
be seen upon the plate. 

On account of the faintness of the object the slit had been 
placed rather wide, and for this reason the character of the line 
and its position, as I stated in the paper, could not be ascer- 
tained with the accuracT which I desired. 

On February 5, 1888, a jdiotograph of the spectrum of this 
nebula was obtained with a narrow slit ; the same apparatus, 
so far as the essential parts, which were described in my paper, 
on the “Photographic Spectra of the Stars*’ (Phil. Trans,, 
i88o, p. 672) being employed. 

In this photograph, in addition to the strong line about X 37^0, 
a pair of less conspicuous lines is seen on the less refrangible side 
of tbe strong line. 

The continuous spectra due to the two of the four bright stars 
of the Trapezitmi which fell upon the slit are present. 

Across these continuous speetta at least four groups of bright 
lines can l>e ssen, of which the greater number can be traced 
into the nebula for some little distance from the stellar spectra. 

It U scarcely necessary to slate the inifKirtance of this observa- 
tion aa showing that these stars of the Trapezium are not merely 
optically connected with the nebula, but are physically bound 
up with it, and are very probably condensed out of the gaseous 
matter of the nebula. This observation would seem also to show 
that the nebula, as a whole, may not be at a distance from us 
greater than that which we should attribute to such stars, if they 
occurred alone in the heavens. 

The first group, of six lines, occurs between X 41 16 and 4167, 
The lines of thU group do not extend far from the continuous 
star spectra, with the exception of two lines. These can be seen 
faintly in another photograph taken in 1889. Beyond there is a 
fainter group, probably of four lines a little beyond A. I am 
pretty sure that these lines extend into the nebula. The third 
group from x 3896 to 3825, of which I have endeavoured to 
measure ten lines, is faint, but here there is no doubt that the 
same lines are present in the adjoining nebular matter, -There 
are two lines a little more refrangible than l he strong line seen 
in 188a, at about X 3709 and X 3099. 1 have a suspicion of a 

faint group about this place, and also of another group on the 
less refrangible side of G. 

I shall discuss further on, the probable chemical significance of 
these linel 

:/ Daring the time that Orion was favourably situated for 6b- 
eemtton in the season of 1888 and in that Of tbe present year, 
the;|^sual continuance of bad weather made It impOssibLe for 
me;id give so complete an account of the spectrum of the 
m the photographic region as a few really fine nights 
wWd have enabled me to do. Howeyer, on February 28 of 
' the present year I obtained another photograph, the sUt being 
Vteiy* nartow, which gives some more new information of the 
nature of its spectrum. 1 was astonished on looking at the 
photograph not to see the strong line about x 3730, which was 
by for the most contpicaous fisature r)f the photograph taken tn 
188S. The pair of lines near it on the less fungible side, 
which I found for the first time in 1888, are present ; and on a 
further scrutiny of the plate 1 discovered two other pairs of lines, 
most probably rhythmically connected with them, in the still 
more refradgihle ^he last pair, accompanied by a third 

llhe^ bhing near the uhra-ylolet UniU of ex-^terreSiriat light* 

I wmi also able to sea faimfy two of the bright Bees which I 
' hayh described as present across the cemitoaous spectra of the 
Mhtor sitarsof fhe in tny of It 

duite certain whether tbbse very faint and short lines are 
^ wily due to the matter ofthe netmk proper, or hnve come hpon 
\ tbestwm of the Trspeslnm haelng 
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fallen accidentally upon the slit for a time too short to impress 
the continuous part of their spectra. No trace of a continuous 
spectrum can be seen upon the plate, but these lines in the plate 
of 1888 do extend beyond the continuous spectra of the stars of 
the Trapezium. 

1 regret extremely that bad weather has made it impossible for 
me to work out the circumstances on which depended the dis- 
appearance of the strong line about X 3730. Roth the photo- 
graphs which show this line include two stars of the Trapezium, 
and it may possibly be that this stro/jg line is associated with the 
groups near it in the spectra of the stars, and may therefore come 
out in those parts of the nebula only which are more condensed. 
A few photographs with the slit differently placed upon the 
nebula would dountless have thrown light upon this point. The 
suggestion jH'esents itself strongly that the mottled and broken- 
up character of the nebular matter, shown in Lord Rosse’s 
drawing from eye observations, and much more strikingly 
brought out in the recent photographs of Mr. Common and Mr. 
Roberts, may be connected with differences of spectrum in the 
photographic region, though in the visible region there is no 
known alteration of the spectrum of the four bright lines, ex- 
cept, it may be, s ime small differences of relative brilliancy of 
the lines. 

Until next winter we cannot go beyond the new information 
whiclj these photographs give to us. On the plate of the photo- 
graph of 1889 two pairs of spectra for coinparUon were taken : 
two spectra, one above and one below the nelmlar spectrum, of 
burning magnesium ; and two spectra, similarly placed, of the 
light of the sky. 

From the photographs of 1888 taken wdih a narrow slit, the 
position which 1 gave in 1S82 to this line is shown to be, ns 1 
expected from the wide slit then used, approximate only. I find 
from the later photograph that the wide slit had caused the 
strong line to unite with a line near it, and that in 18S2 I 
measured the middle of the broad band produced by the union of 
the wide images of two lines. Its position is about six tenth- 
metres more refrangible, It does not therefore agree, as I then 
suggested, with the hydrogen line fin my spectra of while stars. 
A statement of the position of this line relatively to the mag- 
nesium-flame triplet will be given further on, when I come to 
discuss the comparison of this spectrum with that of the nebula. 

The position of the pair of Imes a little less refrangible than 
this strong line, seen with it in the photograph of 1888, and pre- 
sent without the strong line in the photograph of 1889 ; and the 
positions of the two other more refrangible pairs, presumably 
connected with the first pair, are given in the following table : — 

1st pair about . 

2nd pair about 

Line at about 3o6o‘o 

3rd pair about [ 

In both photographs I suspect the indications of other lines, 
which are too faint to permit any certain conclusion to be formed 
about them, whether they are true lines, or imperfections only of 
the film. 

[The continuous soectra of the stars of the Trapezium can bs 
seen on the plate trom about F to about X 3570, but they are 
very faint beyond A 3060. — A/aj^ 18.] 

TVw V\$ibh Spectrum, 

a, Brighiist /iV.— In 1872 (** On the .Spectrum of the Great 
Nebula in Orion, 8:c,,” Roy, Soc. Proc., vol, xx. (1872) p. 383), 
I stated, as the result of numerous direct comparisons of this line 
with the brightest line in the .spectrum of nitrogen, that the 
nebular line was “sensibly coincident with the middle of the 
less refrangible line of the double line of nitrogen.*’ To avoid 
repetition X will call this line N^. Except where it is otherwise 
stated, I use this line of nitrogen simply as a fiducial point in 
the spectrump without any reference to its chemical Kignifioance. 

In a still more critical examination of the position of the 
nebular line for the purpose of determining whether theto 
was any indication of relative motions of the gaseous nebulsc in 
the line of sight, I found some experimental difficulty from the 
clrcumawnce that the nebular line is narrow and defined, while 
is nebnlons. 1 was foitunate to find a more suitable fiducial Unt 
of comparison in a nanow line of lead, which jEalls almost upon 


/ ^ 3752 Cl 
I 3743 'o 
/ 3285 'o 

\ 32750 
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thQ middle of Nj (" On the Motloas of sc^me of the Nebttlai 
to«iFard4 or from the Etrth/' Roy. Soc. Proc., vol. xjcii. (1874) P* 
2^3). In Detember id/Sj 1 compared this line directlr with 
Ki, and found it su^^ientlynear in position to serve os a nduoial 
Tine of c ‘^mparison. 

Six other f^aseoas nehnise were also examined, each on several 
nights, with the result that **ia no instance was any chan^ of 
relative position of the nebular line and the lead line detected'* i 
p. 2S3). 

In the simultaneous observation of the nebular line and the 1 
lead line* it was found if the lead line was made rather less I 
than the line of the nebula, the small excess of apparent j 
breadth of this latter line appeared to overlap the lead line to , 
a very small amopnt on its less refrangible side, so that the more ^ 
refrangible sides of the two lines appeared to be in a straight : 
line across the spectrum. The clearness of position of the two 
lines was shown by the observation that when the line of the 
nebula passed across the field of the spectroscope, and the lead 
line was thrown in, the lead line was not seen, but only an in- 
crease in brightness of the nebular line. By comparing the 
end of the nebular line near the Trapezium where it is refined to 
a point, I estimated that the differenoc of position of the middle 
of the lead line and that of the nebular line might be pos^ibly 
from \ 0000*2 to \ 0000*3 [i^^*^** p. »S2). Some recent nrieasures 
of the position of the lead line with the middle of show that 
the lead line is about A 0000*12 more refrangible. 

These direct comparisons of the nebular line with the lead 
line confirmed, therefore, my former conclusion, that the brightest 
line in the gaseous nebulte is very near N^, when seen under a 
dispersion equal to nearly eight prisms of 60, namely 36° 25' 
from A to H. 

This result is based on direct comparisons, on twenty-four 
different nights, with or with the line of lead. 

‘ The wave-length of has been determined by KirchhofT, 
Thal^n, and by myself. Watts's reduction of my measure to 
wave-lengths is clearly not accordant with my measures of air 
lines immediately preceding and following this line, i have 
riierefore reduced my original measure to wave-lengths, and find 
Ibr Ni the value A 5004*5. 

Kirchhoff 5004*6 

Thal^n 5005*1 

ThalfSn’s value is clearly too high, as Tbalen gives for the lead 
line, coincident nearly with a 5004*6, and is sera on the 
rnore refrangible ^slde of the solar iron line given by Angstrom 
as A 5004*9. In Aogstrdm's map Nj is laid down on the more 
refrangible side of the iron line 5004 '9. at about 5034*5. The 
same position is given to in Kirchhoffs map. 

X have made a new determination of the position of Np using 
the second spectrum of a grating 17,300 to^the inch, relatively 
to the solar iron line at 5004*9 according to Angstoim. 

The value came out A 5004*6, wliich agrees with KirchholTs 
value, and with Thalt^n'^ measure ,of the lead line hich (.ills 
upon it, and also with the maps of Angstrom and of Kirchhoff. 

The wave-length of the brightest nebular line may therefore 
be tahen at from 

A 5004*6 to A 5004*8 (l) 

The micrometric measures of this line, given by D’ Arrest, 
Vogel, and Copeland, agree closely with this value, 

D'Arrest’s' mean value 5004 

Vogel’s „ 5004 

Copeland's® ,, 5004 

A Sfctrnd line. —In 1872 (Roy. Soc. Pfoc., Vol. xx., 1872, 
P- S® 5 )» ^ stated that X had found this line, by comparison with 
a line of barium, and subsequently with an iron line, to have 

A wave-length of ... A 4957*0 . . (2) 

D* Arrest’s mean value from micrometric 

measures A 4956*6 

Cqpeland^s mean value from micrometric 

measures 4958*0 

r. TJ^ir^ In ray original papsr (Phil. Trani-, 

P- 417 )» Ibe Spectra of same of the Nebul®,” In 1864, I 
abow^t by direct comparison with bydro^^n, that this line ie 
nndottbtadly the line^f that gaa at F of the solar 4p«ctnim. 
Tab observation mu aflerwasds repeated (Phil. Tram, r86S, 
p, ^5), and has been confirmed by the photograph* of <882 and 


averljte nsbutew ” (C6?si>hajen, p. $ 3 ), 


■ AV/km X.A.S., vol. xlvmT ft. 


The wave-length of thU line is therefore k 4860*7 , . (3) 

D* Arrest’s value from measures ^60 ‘6 

Copeland's ,, ,, 4861*0 

4 . Fourth iine, — In 1872 (Roy. Soc. Proc., vol. xx., tSyg, 
p. 385) I stated that I had satisfied myself of the oo^Menc^ of 
this line with XI% but, on account of its falntnel^t Is very 
aatisfttctoty to find this observation of coincidence Cdi^rmed by 
the photographs taken in s888 and 1889. Thore Can be no 
doubt that this is a line of hydregen, and that 

The wave-length therefore is 4340 'X . . (^ 

Copeland’s mean value 4343^0 

Dr. Copeland gives the measures of two still fainter tines which 
he has seen in this nebula— namely, one at A 5874, possibly co- 
incident with D;,, and a line at A 4476 (see also Mr. Taylor^ 
Monthly Notices R.A.S,^ vol. xlix. p. 125). I defer the 
consideration of these and other faint lines which T have often 
suspected in the faint continuous Jipectrum of the nebula, as In 
consequence of the great strain upon the eyes from my recent 
direct conDparison of the spectrum of the nebula with the 
spectrum of burning magnesium, I was not able, daring the 
very few fine nights when Orion was favourably situated, to 
undertake an examination for these very faint lines. 

Comparisons with the Masnesium'flamc Spectrum. 

In 1882, Dr. Copeland, in his paper on Schmidt's Nov* 
Cygni {Copernicus, vol. i. p. 109), remarked in a foot-nOte# 
“thrtl it is worthy of note that this line (A 5006*5 of burning 
magnesium) almost absolutely coincides with the brightest hue 
in the plant tnry nebulrc." 

This line — namely, the bright edge of the first band in the 
magnesium -flame spectrum — is very near in position to the 
brightest nebular line. We have seen that the wave-length of 
this line in the nebidee (r) is 5034*6 to 5004*8 ; now the wave- 
length of the end of the magnesium -flame band U 5006*5, con- 
sequently it does not coincide with the nebular line, but falls on 
the less refrangible side at n distance of A 0002 nearly from that 
line. 

The wave-length of the termination of the magnesium -flame 
band is, as determined by— ■ 

Lecoq de Bqishaudran 5006*0 

Walts 5006*5 

Livcirg and Dewar ^ 5006*4 

1 have recently determ jned the position of the end of the band, 
by direct comparison with the solar iron line given by Angstrom 
at A 5006*58. 

My result places the magnesium -flame hand line 

‘'1^ 5006*5 (5) 

In a paper read before the Royal Society in 1887,® Mr. 
Ivockyer says Only seven lines in all have been recorded up 
to the present in the $pectra of nebulae, three of which coincide 
with lines in the spccirum of hydrogen, and three correspond to 
lines in magnesium. The magnesium lines represented are the 
ultra-violet low temperature line at 373, the tine 0147%;^ and the 
remnant of the magnesium fluting at 500, the brighter part of 
the spectrum at the temperature of the bunsen burner.^' M 
p. 137 Mr. I^ockyer says.— “In the nebulae we deal 

chiefly with lines sCen in the spectrum of magnesium ot the 
lowest temperature. ” 

In a later paper in 1888 (“ Suggestions on the CUesificutton 
of the varioui* Species of Heavenly Bodies,*' Roy. Soc. Froc.^ 
vol. xliv, p. 21) Mr. l^ckyer states.*— “In a paper oOmmiin^ 
catedtothe Rpyai Society on November 15, 1887, I showed 
that the nebulse are cooctposcdof sjTarsc meteorites, the collisions 
of which bring about a rise of temperature sufficient to rendcf 
luminous one of their chief const Ituenta-^magnesiuni, 
concliuion was arrived at from the (acts that the chief nelMtlnr 
lines are coincident in position with the flaring and lines risible 
in the bunsra burner When magnerinm is intrpduced, and tW 
the flaring is far brighter at that temj^rature than alaiost any 

other spectral line or fluting of any 01*04^ whatever,*’ 

Although the number of dhect oomparieons wirith 1 had made 
of thi brightest line in the nebufm with N| and srhh the lead 
Une, not tp spSak of the accordant results ot the xnlcromessio 
measure df otl^er obserriMn, left Hule diwibt in my mini Sat 
this line cwkl not be a^h^tident with the remiMiot of the mag^ 

* Roy, Seev v»l >41. J 
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fluting nt 500,*' really at 5006 '5, yet 1 thought it dei^irable 
to undertake the fatxvious tattk ot comparing, with the necessary 
caie and ptecautiopa, the nebular line directly, in the speotro- 
sonpe attached to the tdescopey with the spectrum of l^rning 
inappoesium. 

were made by which the light from burning 
itunestum thrown into the telescope from the side and then 
ramoted dow^ under conditions similar with the light from the 
nebula, upon the slit of the spectroscope, lly this arrangement 
at^ fleanre in the tube connecting the spectroscope with the 
tei^Oppe would aflect both sj^cira alike. The coincidence in 
position of the spectnim from burning magncj-ium with that of a 
ncavaoly body to which the telescope was so directed that its 
light fell upon the slit of the spectroscope, was tested with great 
care on j^eveml occasions by comparing the three bright lines of 
magnesium with the corresponding lines, ^4, in the spec* 

trttm of the moon. Indeed, to prevent any possible error in the 
observation of apparent want of coincidence of the nebular line> 
if the light from the burning magnesium should by an accident 
so come upon the si it as to bring its spectrum in a very minute 
decree on the less refrangible side of its tnie position relatively 
to the nebular line to Ue observed with it, the arrangement was 
purposely made that the lines of magnesium were seen to fall 
upcm the corresponding dark lines at ^ in the moon, a very little 
on the more relrangible side of the middle of tho.ic lines, This 
state of things would diminish a little the interval which should 
bo seen between the nebular line and the edge of the magnesium- 
flame band, and so make the determination more difficult ; but 
if under su(.h circumstances the nebular line was seen on the 
more refrangible side ot tlrat of magnesium, the observation 
would be much more trustworthy, for in the case of coincidence 
with magnesium the line would have appeared towards the 
opposite and less refL-angiblc side of the magnesium line, 
broadening the magncMUiu line on thi^ side. 1 considered that 
the comj'tarison could be made most satisfactorily by the com- 
plete superposition of the two spectra, that from burning magne- 
sium being gradually reduced in brightness by the interposition 
of coloured glass screens, until the ground of tl.e spectrum 
betw'een the successive bright lines of the band of the magnesium- 
flame spectrum was sufficiently subdued to alow of the nebular 
line being seen upon it. 

Under these circumstances, if the nebular Hue had the piosi- 
tion which my direct comparisons and the micrometric observa- 
tions of other observers assign to it, it would be seen as a bright 
line at a very small interval within the line ending the band, 
and to the observer the band would appear to commence with a 
double line. 

This direct comparison was first successfully made on March 
6, 1889. 'Ihe observations were made with the 15" refractor 
belonging to the Koyai Society, The spectroscope used has 
two compound Grubb prisms, each with 5 square inches of l>a»e, 
and giving nearly twice the dispersion of a single prism of 60”, 
namely, 9* 20' fiom A to H ; and coUimatoi and telescope of 
raS'inch aperture. An eye-piece magnifying eighteen times 
was employed. The nebular line was brought upon the cross- 
wires, and when carefully focussed and clearly seen, the light 
from burning magne^ium•wa3 thrown in. This observation is 
one of greet difficulty, especially as the interval to be observed 
had been purposely reduced by causing tlie magnesium to fall, 
for ihi? sake of tlic greater trustworthiness of the observations, 
on, the more refiangible ade of iu true position. Although 1 
cami^idcr the results to be satisfactory, I prefer to say that I, and 
MiOi Huggins independently, believed fully at the time that we 
saw the appearance which all former observation^ of this line 
led me to expect— namely, the nebular line to fall within the 
termlniulcm of the tmuneslum band, and to form with the band- 
b<mi;Klary a double line. The relative positions of the two 
apeetra are repi'esented in dii^ram across the page* The line 
at the end of the magnesium band wa« then brought upon the 
ccoaii^wires, withoiii any attention beii^ given to the nebular 
line.; when the burning magnetium went ont| the nebular line 
wae eeca to be ft 4 measurable dietaboe to the left of the inter- 
sediion of ihr wi«s— namely, on the more reflrangible side. 

"When the obj^set glass of the tatesbope was covered, the mag- 
^od preMTiued its usual appe]i^ce--«aiivel7« terminat- 
(lignin a single line^ these ootnpiuisohs were repeated and 
grJterally on March 9, March im 4 Miircb 16. 
9 a single ^tkcca 8 liful comparison wgs made With a 
" m poWerfot sp ctroscQpe, givlbg a dUpersion.ettnal to pearfy 
i prh((ns pi 60*, [CpinntH^ iMta maoe since with 
lilaiMiary ndiipla in liydra^ Tht ihot^ lint the nebnta 


was found to full within the termination of the magneAtum band 
at about the small distance which corresponds to the known 
position of the two lines. — Apri/ 26.] On all these nighu the 
comperbons were repeated independently and fully confirmed 
by Mrs. Huggins. 

These comparisons can be successfully imitated in the labor- 
atory by directing a spectroscope of sufficient power to the line 
of lead which the nebular line is sufficiently near, the slit being 
narrow, and the electrodes of lead near each other ; and then 
causing, with the necessary precautions, the light of burning 
magnesium to fall also upon the sht, 'i'he lead line will be seen 
to mil within the end 01 the band, and to form with it a double 
lihe. 

It may be mentioned in this place that this line of lead, and 
the iron line at 4957 at the position of the second nebular line, 
can be conveniently lused in the laboratory in any chemical re- 
search on the nature of the nebular. No terrestrial line which 
does not fail almost exactly at these positions in the spectrum 
can have any claim to further consideration, 

( To be continued, ) 

Paris. 

Academy of Sciences, August 12.— M. Des Cloizeaux, 
President, in the chair.— Remarks in connection with the “ In- 
troduction h I'etudedes Races humains," Part II., pre.^jcnted to 
the Academy by M. A. do Qn at refag es. In thi-i second part the 
author passes from the genera] questions touching the evolution 
of man to those touching the evolution of the human races, of 
which he reckons at least one hundred and seventy- two, exclu- 
sive of minor varieties, all however reducible 10 the three 
fundamental black, yellow, and while stems. Adhering to the 
natural method of classification, as understood by Jussieu and 
Cuvier, he divides these stems into branches corresponding to 
primary and secondary divisions, under which come the Jiimtiicf 
and ^rou/s. Much stress is laid on the early migrations of man, 
resulting in crossings of all sorts, and the general dUplacement 
of pure by half-caste races, rhe position of fo&sil man in the 
general scheme of classification in also studied, the five or six 
known varieties discoveied in Europe being divided into two 
distinct branches allied 10 the white stock. Two distinct 
Quaternary types are also recognized in Anicrica, that of the 
Pampas affiliated to the Siberian, and that of the Lagoa Santa 
to the Eskimo branch of the yellow stock. Some bold specula- 
tions are indulged in regarding the primfleval homes of the three 
fundamental groups and their subsequent dispersion from com- 
mon centres over the face of the globe. In this scheme the 
north of Asia is considered the cradle of mankind, whose three 
primary divisions grouped themselves round the great central 
tableland, whence they gradually spread over the continents 
during Tertiary and Quaternary limes. In the Oceanic world 
the Eastern Polynesians are affiliated to the white, the Melane- 
sians (Papuans) to the black, and the Malays to the yellow stock, 
each division migrating from the mainland in the order already 
indicaxed by Prof. Keane (** Indo-Chinese and Inter-Oceanic 
Races and Languages”). The work is illustrated with 44r 
figures inserted in the text, four plates, and seven maps.— -On a 
general law of induction in circuits devoid of resistance, by 
M. G. Lippmann. In this study the author proceeds exactly aa 
in railonai mtclianics, where the fundamental laws are estab- 
lished, apart from the disturbing element of friction, which is 
after wanU considered as a particular force. He seeks the most 
general law of induction by assuming resistance to bo null, and 
Justifies this procedure o posteriori by the simplicity of the results, 
by their easy application and agreement with recent experitnems, 
— On the vascular apparatus in animals and plants, studied com- 
paratively by the surgical and thermochemical methods, by M. 
Sappey. In previous communications the author showed that 
in the vertebrates the thcrmochemickl method is not only useful 
but preferable to the older process for the study of certain organs, 
especially the harder parts. In the present paper he directs 
attention to the structure of the vascular apparatus in plants and 
animals studied both hy the surgical and thertnochcmical 
methods. The latter process is shown to yield as c^pUte, 
accurate, and satisftK:toty results as could be desired ; it is un- 
questionably superior to the former In the analysis of the veins 
and arteries 6f anunah^ and of the woody and other vessels of 
plants. ^Thb virus of diphtheria, by M. C. H. H. Sproock. 
The author ootppaunicates the results of the researches 00 human 
dBhtberia itosde by him; jointly with MM. Wingiens, Van dtn 
Brink, and Van HWerden, in Utrecht, llie disorder is studied 
dtn^in eofmeotion with its action on the region of the kidneys. 
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Th«te researohes seem to lea^e no doubt that the baciUusof Kkbs 
is the real active priAt^ple in diphtheria. — On the rotatory ^ar* 
isation of quartr# by M. H. Le Chatelier. Having already saoarn 
{Cimptes rendust Muy 1889) that towards 570° C. the di-* 
mensions of quarts uiilergo a rapid increasei if not an absolutely 
sudden change such as that noticed in dimorphic transformations, 
the author here endeavours to place beyond doubt this sudden 
change by resuming the study of the rotatory polarization of 
quartz alrMv begun by M. Joubert. From his investigations 
it seems evident that at the specified temperature tbU body 
really undeigoes a sudden allotropic transformation while retain- 
ing under both states its rotatory power as well as its crystalline 
symmetry,-«On the production of crystaliized cobaltous and 
ferrous hydrates, by M. A. de SchuUen. The author has ob- 
tained these hydrates in the crystallized state by using the same 
method that has enabled him to prepare artificial brucite and 
pyrochroite, as explained in the CempUs rendui^ ci. p, 72^ and 
cv, p, 1265. — Papers were contributed by M. C. Patein, on a 
source of error in the search for, and quantitative analysis of, 
albuminoid substances in the animal organism ; by M. Maupas, 
on theagamoQS multiplication of some rotifers and other lower 
Infusoria; and byM. Th. Monreaux, on the cause of certain 
disturbances in the curves of the tnaguetograplis. 

Berlin. 

Physiologieal Society, July 26. — Prof. Munk, President, 
in the chair. — Prof. Zuntz spoke on heat- reflation in man, 
basing his remarks on experiments made by Dr. Loewy. The 
store of heat in the human body at any one time is very laijge, 
equal in fact to nearly all the heat produced by the body during 
twenty hours, hence the heat given off to a calorimeter daring a 
^ven period cannot be taken as a measure of the heat-production ; 
mis determination must be based rather upon the amount of 
‘ oxygen consumed, and of carbonic acid gas given off. The pur- 
pose of the experiments was to ascertain what alteration the 
gaseous interchange of the body undergoes by the application of 
cold, inasmui^ as existing data on this point are largely contra- 
dictory. The observations were made on a number of men 
whose respiratory gases were compared, during complete rest, 
when they were at one time clothe^ at another time naked, at 
temperatures from la* to 15® C., and in warm and cold baths. 
Eacn experiment lasted from half an hour to an hour, during 
which period the gases were repeatedly analyzed. As the result 
of fifty-five experiments, twenty showra no alteration pf oxygen 
consumption as the result of cooling, nine gave a lessened! con- 
sumption. while the remaining twenty*six showed an increased 
using up of oxygen. This diversity of result is explicable on the 
basis of observations made by Prof. Zuntz, who was himself ex* 
perimented upon, as to h» subjective heat-sensations during the 
experiments. He found that after the first impression due to 
the application of Cold is overcome, it was quite easy to maintain 
himself in ajmrfectly passive condition ; subsequently it required 
a distinct effort of the will to refrain from shiverii^ and throw- 
ing the muscles into activity, and finally even this became no 
longer possible, and involuntary shivering and muscular coutrac- 
tion supervened, as soon as the body-temperature (in ano) had 
fallen v During the first stage of cooling, Zuntz's 

oxygen consumption showed a uniform diminution ; during the 
perm also in which shivering was repressed by an effort of the 
will, cooling led to no increased consumption of oxygen, but us 
soon as shivering became Involuntaiy there was at, once an 
increased uring up of oxygen and excretion of carbonic acid. 
This explains the differences in the results of Dr. Loewy's experi- 
ments, and may be taken to show that in man, and presumably 
in an animats, heat-regulaiion as directly dependent upon 
alteration (fall) in temperature of the sarrounding medhtm does 
not exist ; the increased heat-production is rather the outcome 
of the movements resulting from the application of obld to the 
bddy. In mail animals, on the other hand, there nndoubtiedly 
exists a heat-regulation dependent upon an increased activity m 
chemical changes In the tissues set up by the applicatirnt df cold 
to the Surface of the body, and in this case the therftiohMcic 
centres in the brain most prt^bly play some part. -^Dr« Herier 
give an account of exp^menti made by Dr. Popofif on the 
arrifiqlM digestion of vanous and variously cooked meats* Dean 
beef and Ihe fioA of eels and ftoonders were digested in attlMal 
gastric jttlce ; the amount of raw flesh thus peptonbed wal in 
m cam greater than that of cooked meat st^pariV tteatisd. 
Tha flesh was shredded «t»d heated by steam to ido'C The 
Midt was the same for beef as for fish. When oompared wUh 
each other^ hefcf was on the whole the most digestlm, hut the 


amount of fish-flesh which was peptfonieed was safiSoieatly great 
to do away with the evil repute which fish stilt has in Gennady 
as a proteid food. Smoked meat dhfered in no essential extent 
from raw meat as regards its digestibility*— Dr. Cowl described 
his experiments on the mechanical latent period of a muscle. 
The muscle was bung up by one end, and Its movements were 
recorded by a levei||^{ng ttuough the middle of the miiec 3 e» 
and writing on airing-myograph. When both electrodes 
(using a breaking induction shock) were appZiod to the half 
of the muscle above the lever, the curve obtained showed a short 
latent period, after which it rose above the base-line. When the 
electr<^es were applied below the lever, the same latent period 
was observed, after which the curve first fell slightly below, and 
then rose al>ove the base-line. When one electrode was applied 
above and the other below the lever, then the elongation 0/ (he 
muscle was now present, now absent ; in the Utter case the 
leqgth of the latent period was equal to the latency plus (he 
duration of the visible elongation. From this it follows that 
the elongation of the muscle accounts for part of the latent 
period. 
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THURSDAY, AUGUST 39, 1889. 

THE SCIENTIFIC OF SIR WILLIAM 

STEHENS. 

The Scimtific Works of Sir William Siemens^ LL.D.^ 
D,CMu 3 Vols. (London; John Murray, 

tSSgO 

T he “ Life of Sir William Siemens,’’ which was 
noticed in the pages of Naturk some months 
ago, has been followed by three most interesting volumes 
containing a reprint of his scientific papers. The task 
of editing the collection was committed by the executors 
to Mr. E. F. Bamber, for many years private secretary to 
Sir William Siemens, and it has been admirably dis- 
charged. The labour has been no light one ; for the 
volumes contain, besides the greater and more highly 
finished contributions to the learned Societies, a very 
large number of extracts from the published proceedings 
of the various Societies and from the scientific journals — 
reports of the speeches delivered by Sir William Siemens 
during the discussions at scientific meetings. 

Many of these papers arc of high scientific importance, 
particularly to various classes of engineers, electricians, 
and chemists ; and the whole collection forms a monu- 
ment of unusual interest, exhibiting the many-sided nature 
of Siemens' labours and inventions. Both the papers and 
the unwritten speeches arc very remarkable for clearness 
of thought and of style. Siemens was pre ’eminently a 
man who made up his mind with complete decision, after 
careful thought, on whatever came before him. This 
decisiveness gave him the power of taking hold of a 
matter by the right end in the exposition of it ; and 
the consequence is a clearness of thought and of 
diction which are alike unusual and satisfactory. The 
reader seldom requires, even in the case of descrip- 
tions of complicated apparatus, to reperuse a sentence ; 
nor is it ever difficult to follow the reasoning on which 
an opinion is based. 

Of the three volumes before us, the first contains the 
contributions of Siemens to the subjects of heat and 
metallurgy. The second is mainly taken up with elec- 
tricity and miscellaneous subjects; while the many 
lectures and addresses, which from time to time he was 
called upon to deliver, are collected in the third volume.*. 

It is impossible, in a brief article like the present, to 
review in detail these substantial volumes, or ofifer any 
leingtbened criticism of their contents* We must content 
ourselves with such brief notice of them as will indicate 
to our readers some of the chief features in ^ life-work 
of this remarkable man* ' 

In the second volume, under the beading ''Miscel- 
laneous Subjects,^ will be found two papers of no great 
length, but of special Interest. These ps^rs contain an 
account of Siemens' improved water-meter. Of vriiat vast 
Importance this invention proved to the inveintor is prob- 
My not genmntiy known. To use a common exjpression 
ih ^ widest sense, It made bis fortune.'* It was his 
ibst ^roughly succesafni iavention j and it gave to the 
yenhg eikglh^ the pecuhimr/ asslstaeice needed 

ai^Uhe ti^ whi^ emdded him to push forward into 
and yet h%her region* of invention: and success* 
V014 1035. 


The meter was invented in 1850-51, and patented in 1853. 
It satisfied the tests of a committee of inquiry of the 
Manchester Corporation Waterworks ; and very soon a 
large number of the meters were at work, and were giving 
complete satisfaction. The general principle is that of 
using " various arrangements of screws or helices, which 
are caused to revolve by the passage of water or other 
fluid through them, and of fixed guides and channels in con- 
nection with such screws or helices to regulate and direct 
the current of the fluid, together with various contrivances 
for registering the number of revolutions of the screws.*' 
For the larger meters a many-bladed screw is used, the 
blades and guides being properly shaped that the blades 
may " partake fully of the onward motion of the water 
without sensibly impeding or agitating the same.” For 
the smaller meters a kind of Barker's mill is used, with 
conditions as to the inlet and outlet arranged to fulfi 
the object in view. 

From a practical point of view,” says Mr. Pole, in his 
“ Life of Siemens,” “ the Siemens water-meter has been 
one of the most useful and valuable machines ever 

brought into hydraulic engineering Down to the 

end of 1885 nearly 130,000 meters had been sold by 
Messrs. Guest and Chrimes (the first makers) alone, and 
in many cases it has been established as the standard 
apparatus for the sale of water.” The two papers con- 
tained in the present volume were contributed in 1854 
and 1856 to the Institution of Mechanical Engineers, and 
they contain a full discussion of the conditions necessary 
to be fulfilled by a water-meter, and descriptions, with 
illustrative drawings, of the inventions in this direction 
of the author. 

In the first volume are contained the papers of Siemens 
on heat and metallurg)^ These are well known to all 
workers in these departments of science and industry, 
and a brief notice must suffice here, in spite of their vast 
intrinsic importance. Very early in his life we find 
Siemens devoting his attention to the "regenerative 
principle ” in heat. The words " regenerator ” and “ re- 
generative” are most unfortunate— utterly misleading 
to those who attempt to, imagine the nature of the 
" principle ** from the name by which it is called. The 
names, however, were not due to Siemens, but to Dr. 
Stirling, inventor of the hot-air engine ; and it is worthy 
of being mentioned here that Siemens objected to the 
name, and wrote to Mr. Manby, a friend of Dr. Stirling, 
that "perceiving him (Stirling) to repudiate the name 
of * respirator/ I really think he would confer a benefit 
on posterity if he would give his child a proper name, 
that of 'regenerator' being certainly incorrect, and 
likely to produce misconception.” 

The naxtke "respirator” readily suggests the nature of 
the principle here spoken of. The metallic plate of a 
respirator, used by delicate people to protect the lungs or 
throat, takes up the heat of the outgoing breath and 
parts with it again to the air which is inspired ; and this 
is precisely the principle of the heat-saving arrangements 
with which the name of Siemens is so closely connected. 
It may be, however, that a better name than either of 
these couM easily be found. 

In this first volume of the papers we find the titles 
of many communications describing arrangements for 
heat-savinjg and tdr obtaining increased temperatures 

T 
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by causing what would otherwisie be waste heat to warm 
the air or gaseous fuel used in tbe process of combustion. 
Thus we have a “ regenerative condenser for high-pres- 
sure and loW-prj^sure steam-engines " ; a " regenerative j 
steam-engine ; the regenerative furnace applied to glass ■ 
houses and to various metallurgical processes— to the ! 
manufacture of steel, the puddling of iron, &c. 

Towards the close of his life, Siemens took up warmly 
the question of abatement of smoke in large towns, and 
economy in domestic heating and lighting, Accord- 
ingly we find interesting and important papers on the 
use of coal-gas as a fuel, and on gas supply both for 
heating and illuminating purposes. These papers con- 
tain a description of a regenerative domestic dre and a 
regenerative gas-lamp. It is veiy surprising that the 
views of Siemens on these important subjects have been 
so little appreciated by tbe gas companies on the one 
hand, and by the general public on the other. The 
anaoke nuisance becomes year by year more and more 
terrible in our large towns ; while the gas companies 
are undoubtedly neglecting to take advantage of sources 
of enormously increased profits to themselves. 

Space fails us to enter into any detailed account of the 
important papers on metallurgy contained in the second 
part of the volume just now before us. In these are 
elaborated the descriptions of his improvements in iron 
processes, The two main features of tbe inventions are, 
first, th^ production of “ mild steel,** as it is called, of a 
quality surpassing that obtained by older processes ; and, 
second, the production of first class steel by the “ direct 
process **•— that is, directly from the ore instead of from 
the pig-iron of the blast-furnace, or from puddled iron. 
It i$ probable that even now, when there are over a mil- 
lion tons of steel being produced annually in Great Britain 
alone by the processes of Siemens, we arc far from seeing 
in full the results of these improvements. It must be 
remarked, however, with regard to the direct process that 
the very e.Kistence of the enormous establishment of 
blast-furcaces in thiS' and other countries constitutes a 
formidable adversary to its introduction. 

The volume containing the papers of Siemens on elec- 
trical subjects is naturally divided into two parts : one 
containing papers on cable-laying, &c., and the other on 
the production of electricity by the dynamo-electric 
machine, and its application when so produced. The 
life of Siemens was intimately associated with the elec- 
trical developments which have made the last forty years 
startling in the rapidity of growth and improvement. By 
the electric telegraph, the commercial and social rela- 
tions not only of individuals, but of the nations, have 
been revolutionized ; while with regard to the dynamo- 
electric machine, much as its invention has accomplished, 
there can be no doubt but that its past and present are 
but infinitesimal compared with Us future importancef 
The papers of Siemens must always have exceptional 
interest in connection with the early history of these two 
industries. , 

We cannot do more here than mention a few of thent. 
First wc have three papers largely taken up with land- 
line telegraphs, and giving an account of the profinss 
which Dr; Werner Siemens wae making id Cermany, 
both in the constntoribn of telegraph liiii$ and tp 
iipipfovement of tel«igra{di instrmnents. Kent we mdet 


with a paper describing a machine for cohering telegraph 
wires with india-rbbben Then we Contributions to 
the tests of deep-sea cdblos ; and a paper on 

the outer covering of deep-sea, (gables. >A most interest* / 
ing paper gives an account steamship 

and her appliances for cahUr*li|^ing. The 
built with the object of laying the Direct United 
cable, and was fitted with every appliance^ which 
experience of former great submarine cables h^d Sug- 
gested as important. A number of minor papers give 
descriptions of accessory instruments and appliances 
connected with the work of laying down deep'-soa 
caViles. Thus we have a deep-sea thermometer, the 
bathometer, &c., described in short interesting memoirs. 

The papers connected with the production of electri- 
city by the dynamo-electric machine, and of the uses of 
the great currents so produced, deal with a department 
of science and industry in which Sir William Siemens 
and his brothers were pioneers. The Siemens family, 
and the manufacturing firms of Siemens in this country 
and in Germany, designed and produced machines which 
undoubtedly were the best of those early days, and which 
served Siemens in setting on foot the first electric rail- 
ways, the first electric furnaces, and first and only 
experiments on horticulture by electric light. 

Only a few lines remain to us in which to refer to the 
third of these volumes. A man of Siemens’s power and 
standing, and one who was able to speak with authority 
on so many subjects of high scientific and commercial 
interest, was naturally called on to give many more or 
less popular expositions of these subjects. Many lectures 
and addresses were therefore obtained on various occa- 
sions from this gifted and public-spirited man. These 
are collected in the third volume of the papers. Here 
we find addresses on deep-sea telegraphs, testing electric 
cables ; on fuel, a popular lecture to the working classes 
under the auspices of the British Association at Bradford ; 
on air-engines and steam-engines, in which tbe regenera- 
tive principle is explained ; on utiliration of heat, a 
lecture under the Glasgow Science Lectures Association ; 
on waste, delivered to the Coventry Science Clasaes ; 
several addresses and speeches on subjects connected 
with the production and uses of steel. Wc have also 
addresses which he delivered as President of various 
learned Societies— as President of the Mechanical Sec-^ 
tion of the British Association j two addresses to tbt 
.Society of Telegraph Engineers, two to the Iron and 
Steel Institute, his address as President of the British 
Association in 1882, and many other minor addresses 
and speeches. 

Among, o^er subjects on which Siemens had thcMight 
deeply, is highly important one of teclmicai edtica^ 
tion, which is exercising the minds of so many at the 
I present time. Me had more than common opportunities 
! for forming a correct judgment on the requirements Ofi 
I those who are to advance the various arts and indtistries 
of the worid ; and his knowledge of Germany and 
I England, and of German workmeh and English , work- 
men in very varied departments* gave him special title 
I to speak with authority on thU subject Tbci. Cdn** 
sequence is that in many of hU thoitter adchessda lUid 
speeches very vahtaMe remarks rfod criticisms ate 
fopnd on thu quMon so vital to our nariona) 
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In taking leavtt tkesfi itnportant volumes, wa cannot 
\but leOl that 9cani'|usttce has been done to them in this 
brief article. It is onljr a ver}^ small proportion of the 
/*U^6cts on which thought and wrote to which 

have been able cveti%lO allude. Very many subjects 
his active mind^ and it is most remarkable how 
'mtmgMy completely each one of them was worked 
out brought do^h to a dehnile conclusion. Much 
he attempted ; and pre-eminently he acted on the prin- 
ciple that ** whatever is worth doing is worth doing 


THE ADVANCEMEN 7 ' OF MEDICINE, 

Exports from the Laboratory of the Royal College of 
Physicians ^ Pldinburgh, Edited by J. Batty Take, | 
M.D., and G. Sims Woodhead. MJJ. Vol. I. (Edin- 
burgh and London : Young J, Pentland, 1889.) 

I T is a healthy and most welcome sign of the increased 
interest taken in pathological research that, at the 
conclusion of what is but the first year of its existence, the 
laboratory instituted by the Royal College of Physicians 
of Edinburgh has been able to issue a volume of Reports 
of such importance as the one lying before us. When, 
further, it is noted that this is, if we mistake not, the first 
volume of its kind published in the United Kingdom— the 
first collection of papers emanating from a single labora- 
tory, and treating of pathology alone-then the energy 
that is being displayed north of the Tweed in the advance- 
ment of medicine by research should gain the cordial 
appreciation it well deserves. 

Willing as our own Royal Colleges of Medicine have of 
late shown themselves to encourage investigation, they 
have, from a variety of causes, been unable to bring forward i 
their schemes to a practical issue with the rapidity and 
thoroughness displayed by their Edinburgh confrere, and 
although the idea of instituting a research laboratory has 
for long engaged the attention of the authorities in 
Lincoln’s Inn Fields, wc are still very far from seeing that 
laboratory in complete working order. 

It must be admitted that, to devise the details of a new 
departure such as this is far from being an easy task. 
Many and opposing interests have to be taken into 
account, and, as may be gathered from Dr. Sims Wood- 
head’s introductory article, at Edinburgh, despite tHe 
ardour of Dr. 15 atty Tuke and his Committee, nearly two 
years elapsed before plans could be developed to the stage 
at which they were at the same time feasible and accept- 
able to the College of Physicians. But, this stage once 
passed, no time was lost. A commodiouJ^^ house was 
taken, and adapted to the required] purpoeeij^a scientific 
superintendent appointed in the person of Dr. Woodhead, 
and In the course of a very few weeks the laboratory was 
ready. 

^■fhe regulations laid down by the College are con- 
edved upon a broad and generous basis. The labora- 
tory is wkhout fee to Eellowp and Members of the 
^dtlegCf and,, with the sanction of this Committee and 
Curator (Dr. Batty Take)i to any Ucentkitej and " to any 
teei^cal tnah ibr Luvestlgatotf who shall obtain the sanction 
Council Of the Cblle^ as well as of the Curator 
JS^Contmiktee, to use the laboratory for the purposes of 


scientific research.” The scientific superintendent, while 
himself undertaking the prosecution of original research, 
shall be prepared to assist, if required so to dp* in the 
work of the investigators, and it would appear that leave 
having once been given to work in the laboratory, little or 
no restriction is placed upon theinvcatigators with regard 
to the nature of their work beyond the broad control 
exercised by the superintendent. All these points are 
worthy of attention at the present time when a similar 
institution is in the process of development in London. 
This volunrte, coupled with the fact that during the first 
year two-and-twenty investigators in one or other depart- 
ment of medicine have made U'C of the laboratory, yields 
full evidence of the success of the scheme. 

We note with some curiosity what is apparently an 
effort to reconcile opposing views as to the functions of 
the new laboratory, in the regulation requiring the super- 
I intendent to furnish the Fellows of the College ‘^with 
I reports, . . upon the histology of morbid specimens and 
i of the chemical and microscopic characters of urines.” 

I Certainly, by undertaking work of this kind the laboratory 
j becomes of very definite service to the Fellows, and could 
! our English Colleges, for example, see their way to the 
j institution of departments to which members might send 
j any morbid material as to whose nature they desired 
I advice, they would, by adding largely to the possibilities 
I of a correct diagnosis, confer no little benefit upon the 
[ public, apart from the benefit they would bestow upon 
i their members. It is, however, questionable whether this 
form of work falls within the province of medical cor- 
porations ; it is still more questionable whether such w’ork 
can wisely be required of one whose time and energies, 
as director of a research laboratory, are liable to be 
wholly utilized in a very different direction. 

Coming now to the consideration of the papers which 
foim the volume before us, we may say that they well 
exemplify the tendencies and traditions of the Edinburgh 
medical school. Bacteriology is represented by the details 
of an investigation into the air of coal-mines; by Dr. 
Woodhead’s very able ** Notes upon the Use of Mercuric 
Salts in Solution as Antiseptic Lotions ” ; by the report of 
an inquiry undertaken in Japan as to the causation of 
cholera, the work of Dr. N. Macleod and Mr. W. J. 
Miller (tending to confirm Kooh's views) ; and also by 
the condensed report of Dr. Woodhead 's lectures before 
the Grocers* Company upon tabes mcsenterica and 
pulmonary tuberculosis. This last, and Dr. Bruce’s 
article upon a case of absence of the corpus callosum 
in the human brain, are both of very general scientific 
interest, and represent the accurate and thoughtful work 
done at Edinburgh in the domain of pathological histo- 
logy ; while the large proportion of four papers out of 
the eleven of which the volume is composed, refiects 
the prominent position long held by Edinburgh in the 
department of gynaecology. 

With scarce an exception, the reports bear upon practical 
matters, and have more than an academic value. But at 
the same time they exhibit the one especial weakness of 
the schooL Pathology, embracing as it does the whole 
of medicine save the treatment of disease, is capable of 
being advanced by two equally valuable methods, the 
synthetic ahd the analytic, as they may be termed : on 
the one band by studying the part played by individual 
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Retard in producing diseased conditions, and, on the other, 
by determination of those factors through examination 
of diseased ot^ans ; that is to say, by the methods of 
experimental j^Sthology and pathological anatomy re* 
spcctively. The first of those is almost unrepresented in 
the volume, save by the record of work done away from 
Edinburgh. We venture to express a hope that, the 
laboratory offering as it docs every facility, this neglect 
of constructive pathology is apparent and not real, and 
that it is due not to the absence of experimental inquiry, 
but to the fact that investigations along these lines have 
not become completed in the course of a short twelve 
months. 

The facts and suggestions contained in the article upon 
tuberculosis, by Dr, Woodhead, above referred to, are 
deserving of a far wider circulation throughout the 
country than is rendered |>ossibIe by the conditions under 
which they now appear. On the Continent, and, especially 
at this moment, in France, the infectiousness of tuber- 
culosis, and the appalling extent of its distribution, is at 
length exciting that serious and general attention which 
precedes active measures. No disease contributes so 
largely to the lists of mortality. As Dr. Woodhead points 
out, Xht maximum affection by mesenteric tubercle — by 
tuberculosis of the lymphatic glands of the intestines — is 
attained between the ages of one and five years, and a 
■ large mass of evidence would seem certainly to indicate 
that the cause is to be sought for in the milk derived from 
tubercular cows. 

“ Many Commissions on the subject have sat, and 
have delivered themselves of what must, to all who 
know anything about the matter, seem most sound 
judgments, but nothing is done. Where is our inspection 
of milk— not a mere chemical analysis — but a thorough 
chemical and biological examination ? Where are our 
clauses for the compulsory notification of disease, either in 
the farm or the farm-house ? Where are our regulations 
for the examination at regular intervals, and by competent 
veterinary authorities, Of the cattle from which the milk 
is derived ? ... We must strike at the root of the whole 
matter as 'regards the connection between bovine and 
human tuberculosis. We then not only remove one set 
of centres of infection, but in so doing we, in turn, 
diminish the number of human centres from which the 
disease may spread.'" 

Finally, a word deserving to be said concerning the 
appearance of the volume. No expense has been spared 
in making the reports worthy of their origin. The type 
is large and clear, the individual contributions are well 
and profusely illustrated ; the appearance of the volume, 
as a whole, is excellently calculated to make critics fulfil 
the motto of the College displayed ingenuously upon the 
hack — “ jVflw sim’i esse ferosJ* J, , G. A. 


TREATISE ON HYDRODYNAMICS. 

Treatise m Hydrodynamics. VoL II. By A. B, Basset, 
M.A. (London : George Bell and Sons, 1888.) 

T his second volume of Mr. Basset’s Treatise on 
Hydrodynamics,” the pubheation of which 
at no long intervid that of his first volume, is in all re- 
spects a fitting complement to that work, and fulfill the 


expectations of value and completeness aroused by its 
appearance. 

The prevailing impression on studying this volume and 
contrasting it with the first is, that many more avenues 
for research and discovery lie open in the subjects here 
treated, than can' possibly be found ip the more fujly, 
explored parts of hydrodynamics that constitute the 
subject-matter of the first volume. 

This impression is borne out by the fact that many 
results here collected together are the results of recent 
years, placed in this volume In a more accessible form 
than when engulfed in the original papers. When we 
find that this book enters fully into such diverse branches 
Of the subject as vortex motion, tides, and viscous fluids 
— not that these exhaust its contents — we can realize the 
width and variety of reading necessary to make the 
matter of the book as valuable and accurate as it un- 
questionably is, and also the probability that the author 
must expect to see these chapters rendered incomplete 
by the advance of knowledge in these directions. 

The chapters on vortex motion owe their results and 
form largely to the writings of Prof, J. J. Thomson : in 
the discussion of the stability of the vortex it seems im- 
possible to evade long and arduous algebraical processes, 
even though the kinematical surface condition used may 
be of the simplest. The author himself has given in 
addition an investigation of the fluted vibrations of 
a circular vortex ring, making use of toroidal functions, 
and obtaining the same equation for the periods as in 
the case of similar vibrations of a columnar vortex. 

We have read with considerable interest a method 
given in the first chapter on vortex motion, in which the 
principle of inversion is applied for the first time to a 
hydrodynamical problem. It is true that its success is 
restricted to cases of motion in two dimensions ; but a 
new field might be opened up if, by use of co-ordinates 
in an inverse system, the ordinary equations of motion 
would admit of yielding at once two solutions to each 
problem, in a way similar to the electrical method of 
inversion. Apparently, the co-ordinates cannot so be 
changed, nor is any simplification obtainable in the case 
of viscous fluids, where certain product terms are always 
disregarded. 

Another most interesting chapter is that on the motion 
of a liquid ellipsoid under its own attraction ; here the 
various shapes possible to rotating fluid are passed in 
review, and, placed as they arc in order, beginning with 
the familiar instance of Maclaurm’s spheroid, the neces* 
sary criteria that separate one possible surface from 
another are easily distinguished. 

The quesi^on of the stability of some of these shapes is 
considered, and reference made to the papers of Poincard 
in the A eta Maihemaiica, though certain ex cathedrA 
statements in Thomson and Tait's Natural Philosophy” 
have to go unexplained. 

To ent<^ on the discussion of waves and tides seems, 
by contrast with vortices, to begin a firesh subject, so 
totally distinct are the equations and methods ; yet these 
two chapters are not the least valuatfie in the book. Ths 
chapter on waves contains all kiiOwn sdlutiotit 
wave# in Canals or the liea, and also indudes Sir 
Stokes* masterly investigation :0f the Ibrm of 
front in the epa. In dhapter ontldea^ ;^^ 
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bnef account of the equilibrium theory, Prof. Darwin^s 
version of Laplace’s dynamical solution is laid under 
contribution. 

The last four chapters of the book are devoted to 
viscous duids, and include, besides the theorems usually 
given, the oscillatory motion of a sphere and cylinder, 
published first by Stokes in 1850, and also a solution, due 
to the author, of the motion of a sphere under any forces. 
In this latter, certain integrals suggested by the theory of 
conduction of heat are used to obtain the equation of 
motion of the sphere, the solution of which can be obtained 
by approximation. 

Certain miscellaneous theorems find a place in the last 
chapter, including an article on the effects of viscosity on 
a vortex sheet, which plainly has an important bearing on 
the practical determination of the stability of such a 
sheet 

The very full array of references to original papers 
adds considerably to the usefulness of this work, which 
is in all respects one of the most valuable on mathe- 
matical subjects that has appeared for some time. The 
results are accurate, the discussion of each branch is 
thorough and complete, and the analytical methods are 
powerful and in touch with the most recent develop- 
ments. 


7 HE LAND OP AfANFEED. | 

TAe Land of Manfred^ Prince of Tarenium, and King j 
of Sicily : Ram ^dcs in Remote Parts of Southern Italy ^ ' 
•with Special Reference to their Historical Associa^ 
Hons, By Janet Ross. Illustrated by Carlo Orsi. 
(London: John Murray, 1889.) 

''T^HAT part of Italy lying to the south-east, forming 
■L the ** heel,” was once a land full of stirring events, 
but it has long lapsed into a state of semi-oblivion ; to 
tell of its past glories and its present prospects is the 
object of this charming little volume by Mrs. Ross. 

Italy seems possessed of powers of rejuvenescence, and 
the time appears approaching for the revival of some of 
the past glories of this “ Land of Manfred.’’ The tra- 
veller from Naples can now journey by rail from Naples 
to Taranto and Brindisi, and thence by the East Coast 
line north to Bari and Manfredonia ; but, to get some 
idea of the beauty of this fair portion of Italy, one must 
leave the iron road and wander over flowery meads, climb 
up the gently sloping hills crowned with many an ancient 
castle and overlooking the grey olive gardens and out to 
the blue encircling sea ; then in some measure can the I 
land’s loveliness be comprehended. This district of ; 
Apulia is not only out of the range of the ordinary { 
tourist, but is even to this moment so little known to 
the inhabitants of Northern Italy that it is regarded by 
them as not safe to travel in ; the liewly-made lines of 
railway, the building of a great harbour for the Italian 
flaet at Taranto, will no doubt speedily dissipate such 
notions^ These pages of Mrs. Ross’s will undoubtedly 
tempt many of her compatriots to vUU this fair unknown 
Utodi to and the travellers' benefit ; and they will also 
that the perils of Apulia eonsist solely in bad inns 
getting less and less each season, 

"V'C,''' 


Many of the towns along (he coast were visited by 
Mrs. Ross, and ihe leading events connected with their 
history are very graphically described ; such as Manfred- 
onia, Trani, Barletta, Bari, Brindisi, Otranto, and Tar- 
anto. Of the more remarkable inland places visited 
I may be mentioned Castcl del Monte, Foggia, Lucera, 

1 and Benevento. 

As the chief events associated with each city or town are 
recorded, it is diflicult to make a selection. At Bari the 
immense fortress- like priory attracted deserved attention ; 
the crypt is described as formed of pillars, apparently in- 
numerable, with their capitals richly carved in every 
conceivable design. Under the silver altar were the 
bones of St. Nicholas. The Cathedral of St. Sabinus 
was even more ancient than the Priory of St. Nicholas, 
its crypt being said to have existed in 733. 

To tell of all the churches and cathedrals mentioned, and 
castles and fortresses described, would be but to reprint the 
volume, so we must content ourselves with transcribing the 
charming description given of Sir James Lacaita’s residence 
at Leucaspide. The loggia,^ or arcade, running all along 
the south-west front of Leucaspide, overhangs a garden 
full of orange trees, wallflowers, stocks, Parma violets, 
carnations, and roses ; beyond, an expanse of bi^illiant 
green com grown under the colossal olive trees, said to 
be 2000 years old ; then a belt of cultivated land, across 
which now and then the white smoke of a rushipg train 
reminds us that we really are in the nineteenth century ; 
and last a long line of dark pines, which fringe the Gulf of 
Taranto. On the opposite side of the Bay rise the Basili- 
^ cata Mountains, tipped with snow, and further to the left, 

! dimly perceptible on a clear day, are the wild and rugged 
hills of Calabria. The whole country is redolent of rose- 
mary, and in the Gravina or deep ravine of Leucaspide, 
the myrtle, white and pinkgum-cistus, the lentick and wild 
pears, were in a blaze of bloom. 'I'roops of small black 
sheep, with eyes like topazes, graze upon thyme and other 
fragrant herbs among the rocks, while their shepherd 
dressed in a waistcoat and trousers of goat-skin, all made 
in one, leans against a tree or a wall, and plays wild and 
melancholy music on a little pipe made out of a cane. 

The clever sketches by Carlo Orsi assist in illustrating 
a country about which Mrs. Ross tells us much, but 
about which it seems evident there is much more to be 
told, and about which we may hope to have from the 
same pen some still further details. 

OUR BOOK SHELF. 

The Zoology of the Afghan Delimitation Commission. 

(Trans. Linn. Soc.. Zoology, Vol. V., Part 111.) By J. 

E. T. Aitchison, M.D., CLE., F.R.S., &c. 

Althouuh this is very far from being a complete account 
of the fauna of North-Western Afghanistan, there is good 
reason to congratulate the author on his success in collect- 
ing a fairly representative series of the animals inhabiting 
the frontiers between Afghan and Russian territory. As 
Dr. Aitchison explains, his special calling is that of a 
botanist, and he undertook the office of collecting the 
I fauna under considerable difficulties. The specimens 
! obtained, representing 16 mammals, 123 birds, 35reptiles, 

2 batrachians, 7 fishes, about 100 insects, and a few 
Arachnida^ MyHoppda^ and Crust acea^ were determined, 
and the new fbrtns described! by the officers of the British 
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MiMumi notes on distribution^ &:c., being added by Dr, 
Aitchison- 

The publication bytheLinncan Society of the whole series 
of descriptions in one fasciculus is a manifest advantage. 
If it has no otheff^eflect, it may perhaps convert from error 
some of those who, like the contributor of the part ^'Aves” 
to the last four numbers of the Zoological Record^ still retain 
the mistaken idea that the Afghan fauna belongs to the 
Oriental or Indian regfon Not only does the prevalence 
of genera like Af^okokiy EllobiuSy Cricetus, tina A laclagay 
among mammals ; Pica, Accentor ^ and PhasianiiSy amongst 
birds ; Terntosancusy rhrynoccphalusy Scaptetra, Taphro^ 
mehpony and Vi per a,, amongst reptiles ; and SchisothoraXy 
amongst fishes, show plainly the Palacarctic character of 
the fauna, but there is a remarkable absence of Indian 
types, with the exception of wide-ranging forms like the 
tiger, which is found here and there in suitable localities 
throughout Central Asia, from the Caucasus to the banks 
of the Amoor (and which, as its absence from Ceylon 
shows, is doubtless a comparatively recent immigrant 
into the Indian peninsula), A few species, like the 
wild ass and Ovis cyclocerosy extend into the extreme 
north-west of India, but cannot possibly be said to form 
a part of the typical Indian fauna. Even amongst non- 
migratory birds, only two or three kinds, like Pratincola 
gaprata and Lanins vittaiuSy are characteristic Indian 
species, and the forms named have a considerable range 
beyond the limits of the Oriental region. 

It is interesting to find that some of the naturalists who 
have described the invertebraia notice affinities between 
the forms collected and those inhabiting the Mediter- 
'ranean -basin. The Vertebratdy on the other hand, are 
characteristically Central Asiatic, as is shown by the 
genera already noticed. 

The illustrations are excellent, and the representation 
by figures of all species of insects and Arachnidn described 
as new is much to be commended. W. T. B. 

A Tcxkhook of Paper-making, By C. F. Cross and 

E. J. Bevan. (London ; E. and K. Spon, 1889.) 

An increase in the number of technical schools and insti- 
tutes will no doubt call for a number of trustworthy text- 
books on various chemico-mechanicai industries, arranged 
not only for the student proper but for the manufacturer 
as well ; indeed, it is perhaps the latter who needs and can 
use a good text-book to greatest advantage. 

It wouM be well for us if we had other text-books as 
commendable in their particular connection, and as clear, 
concise, and thorough, as this on paper-making chemistry, 
for that is what it amounts to. 

The authors state in their preface their belief in the im- 
portance of a scientific tiaining for paper-makers. This 
of course would apply to many trades besides paper-mak- 
ing with equal force. As the earlier and most important 
operations in pa per- making are of a purely chemical 
nature, or at any rate more chemical than mechanical, the 
authors have very rightly treated this portion more fully 
than the mechanical operations proper, which would 
involve descriptions of complex mactiines and details 
not exactly fitted for a text-book of an instructive nature 
as this. 

The introductory note and chapter i. treat of the 
chemical pmperiies and composition of cellulose and its 
varieties as far as is known at present. It is a somewhat 
concentrated chapter on the natural history of this class 
of substance, and to appreciate it fully the reader should 
alreat^ have a fair acquaintance with the more common 
chetnical processes and feleilnentary principles. It b a 
useful and valuable chapter, and nobody is better able to 
discuss it than the authors. The same applies to 
chapter v., in which processes for isolating cellulose from 
plant substances are considered. 

The chapter on the special treatment of fibres is a very 


exhaustive one. The remainder of the book— with the 
exception of short sections on chemical analysis” for 
paper-makers, and paper-testing,^' and the “ Willcaden 
paper”— i.s taken up with the more mechanical part of 
paper- making. They arc very fully illustrated with large 
diagrams. 

Many besides paper-makers will find interesting matter 
and much information in this book. W. R. H. 

Boilers : their Construction and Strength, By Thomas 
W. Traill, F.E.R.N., M.lnst.C.E,, Engineer-Surveyor- 
in-chief to the Board of Trade. (London ; Charles 
Gritfin and Co,, 1888.) 

As a hand-book of rules, formula;, tables, &c., relative to 
material, scantlings, and presstires for boilers, this volume 
will prove most useful. The name of the author is a 
sufficient guarantee for its accuracy. It will save engineers, 
inspectors, and draughtsmen avast amount of calculation, 
ana the fact that the information is calculated from 
formula? embodying the Board of Trade practice will add 
greatly to the confidence of those using it in any particular 
design. The tables contain over 60,000 results, and in- 
clude in their scope most of the information required in 
any ordinary case. Engineer inspectors will also find 
valuable information pertaining to the qualities of iron 
and steel generally in use, and many good hints as to 
what ought to be allowed or prohibited in the ordinary 
working of the material. Among the many duties of the 
Board of Trade inspectors is that of determining a safe 
working steam-pressure for old boilers. In the tables 
relating to this subject thin plate scantlings are given- 
The decision as to a suitable pressure must, of covirse, to 
a large e.xtent depend on the actual condition of the old 
boilers under inspection, whether the plates are corroded 
or pitted, and on the condition of the stays and rivet 
heads. One hears an occasional ” growl” about the 
severity of the Board of Trade inspection, but there is 
no branch of engineering more carefully and conscienti- 
ally done than that under Mr. Traill's control, and the 
present volume should be of great service to his inspectors. 
The work is the result of much thought and labour, 
and the author deserves the cordial thanks of all who 
have to design and superintend the construction of 
boilers. N.J.L. 

Lord Howe Island : its Zoology^ Geology ^ and Physical 
Characters, Printed by order of the Trustees of the 
Australian Museum, Sydney. (Sydney ; Charles Potter, 
1889.} 

In 1887, by the order of the trustees of the Australian 
Museum, Sydney, a collecting party was despatched from 
Sydney to Lord Howe Island. Most of the results of the 
expedition are described in the present volume. An 
excellent epitome of the general zoology of the Island, by 
Mr. R. Etheridge, Jun., is first given. Then come detailed 
descriptions of the specimens obtained by the members 
of the par^. Mr. A. J. North deals with oology, Mr. J. 
Douglas Ogilby with reptiles and fishes, Mr. A. Sidney 
Clltffwith insects, Mr. R. Etheridge, Jun., with geology 
and physical structure, and Mr. T. W. Ed^worth Davia 
with rock specimens. The memoir also includes descrip- 
tions of various collections msdein Lord Howe lsUnd,by 
Mr. Alexander Morton, in 1882 ; of collections, chiefly 
entomological, made by Mr. George Masters, in 1869;* 
and of some gatherings . made by Mr. E, H. Saiwwws 
after the return o^ the Museum ^rty. The contributors 
to the volume have evidently striven to write accurat^^ 
concisely, and cfeaiiy* and everyone who may have 
occasion to consult, their work will admit that it is 
done. The various papers are carefully iDustrated. Vv^ 
may note that the descriptive account df the Moliusdi Is 
not yet ready, but that th6 plated arc here issucid fill 
advance. ^ ^ 



Augusi 29, 1889] 


NATURE 


4 ’ 5 


LETTERS TO THE EDITOR. 

I7%e Ediiitr d&ts fMt himself n^pmsibU for opinions tX’ 
prtmd by his corrnpondenis . Neithtr he underiaht 
to returHt or to correspond with the wrUers of rejected 
manmtripU intended for this or any other part of Nature. 
No notice U taken of anonymous communications,^ 

Sunset Glows at Honolulu. 

There has just been at Honolulu a reappearance of the 
henomenon of sunset like those so ramiliar in 1883-84. 
l was first noticed after sundown of July 13. It seemed 8o:we- 
what brighter on the 14th and 15th. After this it declined in 
intensity, but could be distinguished until the 20th. 

AsMce of 15*^ radius around the sun was occupied by a whitish 
£low like that in *'Bi»ibop^s ring.” The outer coloured ring 
seemed to be entirely wanting. 

We have no cable, and no foreign mail has arrived since the 
6th. By a mail due to-morrow, we hope to hear of a probable 
cause to which this remarkable appearance may be due. 

I note the following difil'erences between these sunset glows 
and those of 1883-84. These are very much loss bright than 
those ; possibly equal to whal those became after one year’s con- 
tinuance, Perhaps the most notable difference is the appearance 
of a tertiary glow after the primary and secondary. This con* 
sisted of a delicate rosy flush occupying a large tract of sky above 
the western horizon, from the altitude of lo* to that of 45*, and 
about 60" horizontally. This shaded off into purple at iho edges 
against our clear blue Hawaiian sky. 1 think: this the most ex- 
quisite and lovely tint I have ever seen in the sky, comparable 
only to that of some perfect jewel. 

The larger stars were visible at (he time of (his tertiary glow, 
It continued for only a very few minutes each evening. A faint 
purple tint extended along the horizon quite to the south. This 
third glow failed to gather down upon the horizon like those 
preoecUng it. 

Another marked peculiarity is the much earlier lime at which 
the primary and secondary take place. The primary glow 
gathers soon after the hun is down, and makes its display while 
the sky is still bright. So it fails to be very effective as a show, 
although casting iqHjn the western sky broad streaming radiations 
of glowing surmce. 

The secondary glow promptly follows and makes the chief 
display. It differs from the secondary Krakatao glow in the 
earlier time when it takes place, being nearly finished before any 
stats are visible. The Krakatao secondary lingered until after 
full darkness, settling down into a low blood-red stratum simu- 
lating the reflection of a remote conflagration. That peculiar 
RiffluTation was entirely absent from the l^ite appearances. Both 
at its close and throughout its course this secondary glow sub- 
stantially resembles the primary glows as seen in 1884, It 
especially resembles the latter in presenting a well-defined and 
serrated upper edge bordered by dark skv. That, however, h.;d 
small and numerous serrations, apparently due to cumuli upon a 
very remote horizon. The serrations of this, on the contrary, 
are large and broad, the interspaces being apparently the inverted 
ahadowB of cloud-masses upon a somewhat near horizon. 

It seems evident that the reflecting stratum of haze in the late 
appearances was very low down as compared with the Kmkalnb 
haze. Hence the rapid succession of the glows. The reflected 
rays of the sun, traversing a much smaller extent of the lower 
atmosnherc, show less red, having less of the other colours intcr- 
cepteo. For the same reason, they retain force enough for a 
third reflection I in which a very pore though faint red appears. 

Honolulu, July 25. Serena E. Bishot. 

Globular Lightning. 

The following account of a display of globular lightning will, 
J think, be of interest to your readers, as it was well observed 
by several Independent db<er4W, and diflfort in some respects 
firom those previously recorded. It is greatly to be wished that 
tbii i^henomdnon could have iu place assigned to k in electrical 
thec^. 

Oh UcmAhy, the stb instant, at midday, this district was 
vitohed by a violent storm of rain, which last^ hatlTan hour, and 
iMsa gceo^npanied W thunder and lighthitig. When the storm 
hh4 pmad ovtr and the sky was getting ht^ht, a rod-like object 
wda ieepn ^ deieend the sky. It U described av being of a 
pate^yellhw colour, Uke hot iron, and apparently about tj mckm 


long by 5 inches across. These dimensions are given by an 
observer who estimated its distance (about correctly, as it sub- 
sequently appeared) at too yards, and are not therefore affected 
by the uncertainty attaching to estimates of the sizes of objects 
whose distance is quite unknown. This object descended 
“moderately slowly,’* “ not too fast to be followed by the eye ” 
and quite vertically. 

On reaching a point about 40 feet from the ground, atid in 
close proximity wUh a chimney-stack belonging to a hous^ in 
Twickenham Park, the object seemed to “flash out horizontally 
as if it Ijurat,” showing an intensely white light in the centre and 
a rowy red towards the outer parts. At the ^amt• instant a violent 
explosion was heard, and soon afterwards a strong smell was 
perceived* which in described by the observers as “ resembling 
that of burning sulphur," for which the smell of ozone and nitric 
oxide might easily be mistaken. 

Ordinary lightning is frequently most capricious in its action. 
In this respect this globular flash was in nowise behind. 

I examined the outside of the chimney stack carefully, but 
no external effect whatever was \fisibie. Inside, however, remark- 
able effects were produced, and I quote the following : — 

“The back room^ consist of (i) bawement kitchen ; (2) ground 
floor dining-room ; (3) first and second floor bed-rooms, and at the 
top a half attic. A stack of chimneys runs up the whole, and 
projects about 6 feet above the roor There are no chimney- 
pots, No one was in any of the rooms except the kitchen, m 
which the servants were, and in which a fire was burning. 

“The explosion filled the kitchen with smoke and soot. The 
dining-room akso was filled with smoke and soot, lliough no fire 
was burning in it. 

‘^The master of the house was ju^i coming into the dining- 
room (rom the conservatory when he heard the detonation and 
simultaneously saw a bright flash of light. He staggered back 
a moment, and then r«n through the smoke and soot to the hall, 
itnd called out to know if anyone was hurt. Finding all •>afe he 
returned into the dining-room. A Jt^pancse umbrella set open 
as an ornament in the empty grate, but not fixed in any way, 
was undisturbed, though the hub of it was hot to the 
touch. Piles of soot spread out in a semicircle to 
the centres of the side walls of the room, and an 
arm-chair, which had been standing close to the firc-placc, W'as 
6 feet from its previous position, and had evidently been turned 
round and thrust against the wall. In the bed room, on tlie first 
floor, soot was on the floor and in the fire-place. The slab of 
marl)le forming the architrave under the mantel slieif, and ex- 
tending the wnole width of the fire-place, had been tlirust out 
from its setting, and was, with a number of bricks, lying 6 fiMt 
away on the floor. The mantel -shelf and pier-glass were undis- 
turbed. In the sec md- floor Ixid-room, soot and moriar were in 
the fire-place and on the floor ; one end of the grate w'as broken 
and a piece of the detached cast iron (some 3 inches square) was 
lym;5 against the wall 6 feet to the right. In the attic bed room, 
mortar reduced to the condition of hnc silver sand was lying in 
the fire-place and on the floor; the wash-stand, which stood against 
the fire-place, was pushed some 2 or 3 feet towards the centre of 
the room, but not overturned ; arid the carpel was rumpled up, 
Tnere is in this room a bell on the wall opfm-iite the fire-place, 
and a helical check-spring passes from ihife bell to an attachment 
in the wall. At this point of attachment a piece of plaster of the 
size of one's hand had been detached from the wall, and was 
found near the firc-pIacc, *8 feet off at the other end of the 
room.” 

At this time, when electrical theory is receiving so much atten- 
tion, the views of a theorist such as Or. Lodge vyouUl, I think, 
be of great interest on the subject of these r.arc discharges. To 
all appearance a detached portion of something— is it atmo- 
spheric, or ethereal ?— is carried along bodily through the air, 
h^arinij; with it a very considerable potential energy, and at the 
same litne radiating light. At an instant determined, perhaps, 
l»y its proximity to the chimney-stack, its comsiramt is suddenly 
relieved, and a discharge Uke ordinary lightning seems to occur 
between it and the earth, vid (as it seems) the heated air of the 
chimney, Has anyone an ejqflanalion for this ? 

^ ' A. T. Hare. 

NesUta Lodge, East Twickenham* August 24 . 

On spme Kffecta of Lightning. 

t CAN fully corroborate Mr. A. K. Griffith’s account of the re- 
markable way in which two trees in a wood near St. Albans 
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)MiTe bwn broken in two^ end rent to splinters^ by lightninff* 
The iirst tree which he menUoxiTii however, soggeetByeij forcibly 
that the ** exploBioa ” must have occurred at tMcore 0/ the tree, 
for long wed^«hkjfirplinteTs of the* wood have been forced out- 
wards, and are now projecting from the stem, The fact, also, 
that the whole of the bark was in each case tom off, and pro- 
jected in every direction round about the trees, can be accounted 
for only by an impulse probtMing from the middle of the stem 
southwards. One feature of the case which Mr. Griffith did not 
mention Is the twisting which seems to have occurrejd with the 
second tree : the portion which is nearly broken off appeared to 
have been twisted through about 90^, and the portion of the stem 
which is left standing is also considerably twisted in the same 
direction ; as to the stem, however, it is cfifficuU to estimate how 
much of the twisting may be due to the growth of the tree. 

That any part of the eflccts are due to wind, is, 1 think, quite 
out of the question. It is indeed a curious sight to sec two 
sound oak-trees, some 6 or 8 feet in circumference at their base, 
broken off, twisted, and torn to splinters, as if they had been so 
much matchwood ; but one of the most remarkable features of 
the case appears to me to be, that there are two trees which have 
been treated in almost exactly the same nuinner. If it were the 
effect of one shock, that shock must have divided itself into 
nearly equal portions, and must have struck two trees which are 
some 30 yards apart, which do not stand in any isolated position, 
and which are separated from each other by several other trees, 
all of which remained untouched. On the other hand, it is quite 
inconceivable that two shocks of such an exceptional character 
should have occurred within a few yards of the same spot, and 
should have produced identical effects of such an extraordinary 
character. 

The case is one which certainly deserves investigation. 

Harpenden, August 18. Spencer Pickering. 

Some Lake Ontario Temperatures. 

There are, among the great lakes of the St, T.awrence, ex- 
ceptional opportunities for observing the effect of heat and cold 
upon large bodies of fresh water. The vast area and depth of 
the lakes, the different latitudes in which they lie, and the ex- 
tremes of heat and cold of the Canadian seasons, all combine to 
render observations of interest. 

It thus far appeara that, in their main expanse, Lake Siq>erior 
and the Georgian Bay (the eastern basin of Lake Huron) con- 
stitute, in midsummer, great bodies of colder wafer»-the former 
registering at the surface as low as 394*^ F. (Hind), and the 
latter at 10 fathoms indicating 45® F., and. at llie bottom, even 
lower than F. (Boulton). On the other hand, tJie lower 

lakes, including Ontario, are shallower than Superior, lie in 
wanner latitudes, have some affluent streams from even farther 
south, and may be said to have perceptible, though light, cur- 
rents through them. The temperatures of their waters are thus 
very different from those of Ijdce Superior and the Georgian 
Bay. Thus, on May 6 of this year, at 4.15 p.m., Commander 
Boulton, R.N., found the surface of the water off Griffiths 
Island^ in the Georgian Bay, 35’ F., and the bottom, at 60 
fathoms, 35J® F. ; whilst on May 23, at 11 a.m,, near the outlet 
of I.4ike Ornario- my first .soundings there— I found the air (the 
day being calm and cloudy) 55" the surface-water 524** F*, 
ana the bottom at 13 fathoms 304® F., and this Was after a cool 
and exceptionally windy spring. 

Some general results, which seem warranted by very numerous 
thermometer-readings near Kingston, may be of interest. The 
north-east end of Lake Ontario here docs not usually exceed 
20 fathom* in depth, but through it flow into the St. Lawrence 
all the waters of the great lakes. 

of fVaUr of Differtnt J'tmpcfaiures.'^Ki the surface 
the water is not uniform in temperature, even at points rtlaiively 
near each other, and which appear to have the same conditions 
— the variations being generally from 1“ to 3". At different 
depths down to the bottom there ^re equally marked variations. 
In the tributary streams stmi^r results appear. In a shallow 
creek fully exposed for an eighth of a mile to the sun’s rays, and 
slowly flowing over a succession of limestone ledges, the mer- 
cury, in 14 inch of utater on a warm Tunc afternoon, could be 
seen rising and follmg between 8i* and 83® F. Here there were 
exertional causes, but in the line of outflow from the lake to 
Vfae St. Lawrence the flitctuatlon* ore to be ascribed rather to 
the ipeat evaporation at the surfact;, and the cool«r waters be- 
neath oscendmg to supply the place of the evaporated water. 


As the evaporaiion would be irregular, vorylDg with the posting 
clouds, and ihe^^ts of wind, the ascending currents would also 
be irregular. These aseending waters would give rise to on 
inflow at the bottom from the deeper and cooler parts of the 
lake to take their place, and both these currents would be affected 
by the general light onward flow of the lake waters towards the 
entrance of the St. Lawrence. 

Gradual Absorption of Afrrtf.-^The general rise in the tem- 
perature of the Lake Ontario waters the summer advances is 
at first slow compared with the general rise in the temperature 
of the air, but as midsummer h reached, the rise is more rapid 
both at the surface and at the bottom. A comparis<m with 
temperatures from Lake Erie will, eventually, better explain 
this. The circumstance, however, has its bearing on the well- 
known modifying effect of great bodies of Water on the climate 
of the immediately surroundine land. In illustration of it, on June 
14, at noon, when the air indicated 79}® F., the surface water 
in the main channel— 2 miles from Kingston— was still as low 
as 574* F., or only 5® higher than on May 23. On July 5, the 
readings in the same place had increased to 694® F\, with the 
air at 79” F., and on July to to 74}® F., with the air at 92!® K., 
the thermometer always being in the sun. The most marked 
change was between June 25 and July 5 » when the advance 
registered was 9®. The bottom tcmixiratures indicate somewhat 
similar results. On May 23 at 13 fathoms the deep sea ther- 
mometer registered 50J® F. ; on June 14 at 12 fathoms, 52® F. ; 
on July 10 at 17 fathoms, 53® F. ; and on July 25 at 1 2 fathoms, 
67® F. 

The absorption and retention of the sun’s heat is, however, 
most noticeable in the small streams and quiet pools. There we 
find well illustrated the general proposition that in high tempera* 
tures the surface of comparatively still water, where unaffected by 
deep under cun ents, absorbs and retain^ the heat of the sun to a 
much greater degree than the immediately overlying air. A 
marked example of this was observed in the shallow lightly flow- 
ing stream already referred to, where on June 14 at 3.15 p.m. 
the air at 3 feet above the water indicated a slight breeze yy F. , 
and at the surface 76®, whilst the water at 14 inch registered 
83® F., at 4 Inches varied between 794* and 824®, and at 7 
inches on the bottom fell to 724® F. The records of other 
creeks did not indicate such extremes, but showed that each 
stream in its current, bottom, and surroundings, may have cir- 
cumstances which vary the temperature. In very shallow, still 
pools, exposed freely lo the sun ami breeze, the difference be- 
tween the air and water surface temperatures is even more 
marked, the water on sunny afternoons in Juneond July showing 
about 11® higher range. In such shallow, still pools, however, 
the water, though indicating some variation, is tolerably uniform 
in temperature, even to the bottom. 

Efect of Channel Currettis, — Near Rock port, among the 
Thousand Islands, there is a broad and deep channel where the 
current down the river runs at about 2 miles on hour. Here at 
37 fathoms, in different localities, the deep sea ihernnometer 
gave the same readings os the surface thermometer, showing that 
the water was completely churned up, 

Another illustration was in the Gananoqui River immediately 
below the falls. The temperature at the bottom here on June 
10 was 6aj® F, ; a quarter of a mile down stream at the outlet to 
the St. Lawrence, it was 614** F. ; in the St. Lawrence, 150 
yards off the outlet, 57® F, : and 200 yard* further up the St. 
Lawrence, 544® F. ; the surface water at each of these points 
varying only between 62I® and 63® F, These records show bow 
the deeper and colder waters of the St. Lawrence gradually 
asserted themselves on coming into contact with the Oonahoqui 
River waters. A. T. Drummond. 


The Yahgan, ^ 

The tribe" in TSetra del Fwego described ^ the Rev. C 
Aapinall are called the Ya^an (Ji^an being a German form and 
not the English). The m issionaries have translated the Gospels 
into Yahgan with some mterpolation* of special English 
There are two or three other distinct languages for the scast^ 
population, It can be seen that the Vahgan is a language of CMa 
World toots, and word* can be rec€^i£d that philologists de- 
termme to he typical Aryan roots, ^e vuriiHy of J^nguagb Js 
a flmt nottoable among small e^og^tOous and ft ik 

a matter of interest m find such variety at the ^tremfty^of thor 
New World* & : 
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Bktitrolyais of PotMaium Iodide. 

The foilowin^: forin iA thiA exj^riment dilTers from that 
producing blue iodide of atUrch utuaJly g[iven in text books, and 
M t am not aware of it being known it may be of interest to 
those engaged in teaching the subject to which it belongs. 

Into a U-tobe pour a solution of the salt coloured with red 
(slightly acid) litmus solution, then, on introducing the electrodes 
(carbon foir the anode) and passing a current, the solution in the 
anode limb is turned brown, due to the solution of 1 in Kl, 
while at the kathode the liquid turns blue from the liberation of 
potassium. 

This form of the experiment Is very pretty, and is suitable for 
large classes. 

For small classes the poles of a battery may be drawn over 
red litmus pai:>er moistened with Kt solution. 

It is well to exhibit the action of iodine and potassium (potash) 
upon separate portions of the red solution before conducting the 
experiment. E. F. Mondv. 

Dacca College, Bengal, July 24. 

Spherical Eggs. 

Will you allow me to thank Profs. Greenhill and Liveing for 
their notes in reply to mine on the question of the packing of 
spherical eggs. 1 he chief drawback of life in New Zealand is 
the inaccessibility of works of reference, such as those mentioned 
by Prof, Greenhill. W. SteaijMAN Aldis. 

Auckland, New Zealand, July ii. 


ANOTHER PHOTOGRAPHIC SURVEY OF THE 
HE A VANS. 

gather from two circulars received from Prof. 

Pickering that another photographic map of the 
heavens is to be made, in addition to that arranged for 
at the Paris Conferences. The first circular runs as 
follows : — 

It is proposed to establish an Astronomical Observa- 
tory on one of the mountains of Southern California, 
under climatic conditions probably superior to those at 
any similar institution now existing, with possibly one or 
two exceptions. It is therefore extremely important to 
increase these natural advantages by a plan of work and 
form of instrument which shall give results such as can- 
not be obtained elsewhere. Moreover, in California the 
interest in astronomy is wide-spread. There are many 
persons of large means who might be willing to make an 
important contribution to science if they could be -sure 
that the promised results would be attained. The plan 
detailed below provides for a telescope with which stars 
could be studied that would be beyond the reach of any 
other instrument. The amount of material accumulated 
would be far greater than that obtained by telescopes of 
the usual form. A satisfactory test of the work could be 
made before a large part of the money had been expended. 
No great delay would probably arise, so that the donor 
could soon see the results arising from his gift. When 
money is ^ven to erect a building without sufficiently 
endowing it, the value of the gift is greatly diminished if 
the name of the donor is attached to the building. This 
objection does not hold in the present case, since a large 
art of the expenditure is for current work. On the other 
and, the donor^s name would always be honourably 
aigociatcd, not only with the instrument, but with the 
woric done with it. As in the case of the Henry Draper 
Memorial, it is believed that by such a living reminder 
a patron of science wlU be more widely known and 
t^P^ciated than by a much larger expenditure for a 
buudmg 0^ fhad. 

Photography is rapidly changing the older methods of 
^onomipal study. It gives an accurate representation 
of many oljijects at the same time } and, since copies may 
ea^y be niadie^ it permits the msults to be studied at 
nay piace and time, In a recent paper before 
mg Academy of Science^ the writer recom- 


mended the construction of a large photographic tele- 
scope of the form described below. The lens should be 
like that used by photographers rather than like that of 
an astronomical telescope, and should consist of two 
achromatic lenses. Its aperture should be 24 inches, and 
its focal length 1 r feet, thus giving images of objects on a 
scale of I millimetre to a minute of arc. Its great 
advantages would be the large region covered by a single 
photograph, since 5* square could be represented by it 
upon a plate 12 inches square. This is six or eight times 
the area covered by a telescopic objective. The time 
required to photograph a given portion of the sky would 
be reduced in this proportion. Such a lens, if mounted 
in a favourable location and kept constantly :it work, 
would add more to our knowledge of the stars than could 
be obtained by a large number of telescopes of the usual 
kind, A telescope of this form, but of one-third its size, 
is now in use at Cambridge, and illustrates the advantages 
and amount of work which can be obtained by such an 
instrument. 3186 photographs have been taken with it, 
and from them a catalogue of 28,000 spectra of 11,000 
stars has been prepared ; also a catalogue of 1 200 
stars near the equator as standards of brightness, 
and a catalogue of 1000 stars within of the Pole, 
where the most extensive existing catalogues only con- 
tain about forty stars, A search for new nebuJse was 
made on a small number of these plates covering 
about 1/250 of the entire sky. Eighteen nebulae were 
already known to exist in this region. Twelve new 
ones were found upon the pbtes. These results are 
derived from a small portion of the entire series o( plates, 
and much additional material will be extracted from 
them. The large telescope should first be used in making 
a map of the entire sky. All the stars north of - 30'-' can 
be advantageously photographed in the latitude of 
Southern California. This region, covering three-quarters 
of the sky, has an area of 30,000 square degrees. If each 
plate covered 25 square degrees, 1200 plates would be 
required. There are about 3600 hours of darkness in a 
year. Allowing one- half for clouds and moonlight, and 
one-third of the remainder for imperfect plates, the whole 
work could be done in one year, allowing an exposure of 
an hour to each plate. Perhaps lonjger exposures would 
be found advisable, and two years should be assigned to 
this work. An equal time should be spent in repeating 
the work, since it is essential that every part of the sky 
should appear on at least two plates, to verify all sup-, 
posed discoveries. By using a prism to cover the lens 
the spectra of all the stars may be taken in the same way 
and in the same time. When this work is completed, it 
should be repeated, since we ought to have a complete 
map of the sky at intervals of about five or ten years in 
order to detect changes. Moreover, the improvement in 
photographic processes would perhaps be so great that a 
second series of plates would be desirable. The recent 
applications of erjihrosin and other coal-tar products to 
photographic plates render them much more sensitive to 
red and yellow light. The difficulty of photographing 
satellites, asteroids, comets, nebula?, and red variable 
stars may therefore be diminished. 

The telescope should be mounted in a place having 
the best possible climatic conditions, preferably on a 
mountain where the air i$ as clear and steady as possible. 
No work need be done there except taking the photo- 

n hs and developing them. Accordingly, the work might 
one by a single onserver ; but, to avoid interruptions 
due to illness or accident, at least two would be required. 
Since their duties would be a routine requiring only 
ordinary skill, such services would not be expensive. 

The results would take the form of a series of glass 
photogtapha about a foot square, each of which would 
depict all the stars visible in a part of the sky 5'' square. 
Glass positives could be made from these by direct 
printing, and copies could be furnished for about a dollar 
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piece to any astronomer desiring to discuss them. Or 
an edition of paper {^oto-engravings could be issued. 

A. complete set of about isoo plates could probably be 
furnished for' about $300. This would be a very small 
sum compared with the cost of a telescope which* would 
•show far less. The cost of the lens should not exceed 
i#»o,ooo ; of the prism, $5000 ; of the mountingj ^5000 ; 
■*of iiho building, $5000 ; total, $35,000. A large additional 
^um might be spent upon a building, but the experience 
of modern astronomers has shown that the best results 
-are obtained by mounting each instrument in a small 
detached building which will readily assume the tem- 
perature of the air It is more difficult to estimate the 
current expenses. The photographic plates alone would 
cost $i 500 annually. The total annual expenses would 
not be less than $5000, not including superintendence, 
reductions and discussion of the observations, and publi- 
cations. An outlay of $50,000 would probably complete 
the instrument, and secure photographs of the entire 
northern sky. If the anticipated results are attained, 
this should be followed by an endowment of $100,000, 
which would keep the instrument permanently at 

W^k. 

The faintest stars photographed with the 8-inch 
telescope in Cambridge are invisible with the 15-inch 
telescope. The inner satellites of Uranus have been 
photographed at Cambridge with a 13-inch lens, although 
they arc among the most difficult test objects known. 
We may therefore expect that stars too faint to be 
detected with any other instrument might be photo- 
graphed, with a 24.-inch lens. We thus see that any 
person could obtain at a comparatively small cost a map 
of a portion of the sky showing stars too faint for him to 
observe in any other way. Many investigations might 
be carried on by means of these plates ; for instance, a 
search for double stars, for nebulas, for asteroids, for 
variable stars by comparison of plates of the same region 
taken on different nights, for stars having large proper 
motion when we have plates repeated after a considerable 
interval of time. In all these cases the plate furnishes 
an accurate measure of the object discovered, which is 
^ten wanting in the fir.st observation of an object by the 
eye. Studies of the distribution of the stars can now 
scarcely be undertaken in any way except by photo- 
graphy. The stellar spbetra might lead to the discovery ' 
of planetary nebulae, variable stars, bright-line spectra, 
and other interesting objects. The number of stars 
shown on the charts would be so vast that it would 
probably be impossible to catalogue them all In some 
cases it is estimated that twenty or thirty thousand stars 
have been photographed upon a single plate. A syste- 
matic examination of all the plates for the detection of 
objects of interest would itself be a laborious undertaking. 
Such work could, however, be done at any place and time, 
and therefore under the most favourable conditions as re- 
gards expense. One great advantage of the work would be, 
not only that we could discover certain objects of a given 
Idnd, as a particular class of double stars, but that we 
could make our catalogue complete, and be sure that no 
other objects of this kind existed, which in visual work is 
an extremely difficult matter. 

There is always dan^r of failure in the construction of 
a new instrument. This danger is duninished in the 
present case, since an instrument of one- third the sire is 
already in successful operation. Moreover, the front 
portion of the proposed doubJe lens should form a good 
photographic objective, and might be made of the rever- 
Kh\t form, which may be used either for visual or photo- 
graphic purposes. The I3^incb lens referred to aboye is 
of this form, and proves that such an instrument Is 
entirely practicable. We 'Should thus be able to OSe the 
telescope inthreeways: for visual purposes, as e telescope 
having an aperture of 24 inches, and a focal ]en|^ of 
t; feet ; aa a single photp^aj^ic lens of the same 
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sions ; and as a photographic doublet covering a large 
field, and having a focS length of 1 1 feet. The prism 
could be used with each of these, making really six in- 
struments in one. The short focal length would greatly 
diminish the cost of the mounting, and of the dome re- 
quired to contain the instrument. The difficulties from 
exposure to violent winds and storms would also be much 
less than in an instrument of the usual form. 

Should the proposed plan be carried out successfully, 
a contribution to astronomy would be made of continually 
increasing value, since cadi year would increase the 
facility with which slow changes in the stars might be 
detected by the comparison of later photographs with 
those first made. 

hi connection with the second circular we may remind 
our readers that we lately referred to the fact that the 
Astronomical Observatory of Harvard College has re- 
ceived from Miss C. W. lilruce. of New York, a gift of fifty 
thousand dollars to be appliea ‘'to the construction of a 
photographic telescope having an objective of about 24 
inches aperture, with a focal length of about 1 1 feet, and 
of the character described by the Director of the Obser- 
vatory in his circular of November last ; also to secure 
its use under favourable climatic conditions in such a 
way as in his judgment will best advance astronomical 
science.’* 'J his, then, is a very concrete reply to the first 
circulan 

The second circular contains full details of the in- 
strument, which will differ from other large telescopes 
in the construction of its object-glass, which will be 
a compound lens of the form used by photographers, 
and known as the portrait lens. The focal length of such 
a lens is very small compared with its diameter, and 
much fainter stars can be photographed in consequence. 
The advantage is even greater in photographing nebulae 
or other faint surfaces. Moreover, this lorm of lens will 
enable each photographic plate to cover an area several 
times as great as that which is covered by an instrument 
of the usual form. The time required to photograph the 
entire sky is reduced in the same proportion. A tele- 
scope of the proposed form, having an aperture oi 8 
inches, has been in constant use in Cambridge for the 
last four years, and is now in Peru, photographing the 
southern stars. It has proved useful for a great variety 
of researches. Stars have been photographed with it, 
too faint to be visible in the 15-inch refractor pf the Ob- 
servatory. Its short focal length enables itJt^ photograph 
as faint stars as any which can be taken wi^h an excellent 
photographic telescope having an aperture of 13 inches. 
The h-inch telescope will photograph stars about ^wo 
magnitudes fainter than can be taken with a similar in- 
strument having an aperture of 4 inches. A corresponding 
advantage is anticipated from the increase of the aperture 
to 24 inches. Each photograph will be 13 inches on a 
side, and will cover a portion of the sky 5“^ square, on a 
scale of U to a millimetre. The dimensions will be the 
same as those of the standard charts of Chacornec and 
Peters. The entire sky would be depicted upon about 
two thousand such charts. 

In an article in the for August the Action 

takeiv by Prof* Pickering in making the appeal for f 
money grant to carry out the new map is diatipc^ly 
challenged on the. grounds —(i) that in the appeal thfiwn* 
was no statement made that very nearly similar work 
was about to be comthenced by oh the cl vuised nation!^ of 
the world after most careful consideration of the >hQi)o 
question by the strongest gathering of astronomers that 
has ever been seen ; (i) that Proi, Pickering sugifeahki 
to the ConiferenGe the use of a :teiescope shnitarib fte 
one be has induced Wss Bruce to supi^y t and 
there are conditions of ctfostrnqtion aiui execohon, 1^ 
such ,th|ct Prof. I^ickei^ngf^ ^an 

i aifogether. 
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THL JOURNAL OF MORPHOLOGY- A 
RECORD OF PROGRESS. 
have before us the third and concluding part of the 
second volume of this excellent publication. It 
Contains five papers (260 pages) with seventeen plates (with 
one exception folding ones) and fifty-four woodcuts* The 
iUiliStTations are most admirable, and the plates, which 
bear the magic names of Werner and Winter, possess an 
exceptional charm. While all familiar with this Journal 
must admit that it has, from the first, taken high rank 
among its contemporaries, few will have been prepared 
for the magnificent display of the part now under review, 
With respect to its get up, the editors may well-nigh 
defy competition, so liberally have the publishers re- 
sponded to their demands. Much that is proffered is truly 
American, in its revolutionary and highly sensational 
character ; but, contrary to that which so often prevails, 
the startling deduction is based upon a solid foundation 
of fact, whereby the thing becomes tolerable, and the 
reader’s attention is arrested, A refreshing thoroughness 
permeates the whole, and the work teems with originality. 

The senior editor and Dr. W. Patten each contribute a 
short paper embodying facts and conclusions .... 
stated in advance,” of papers to be published in full in 
forthcoming numbers of the Journal. It is in connec- 
tion with these that the revolutionary element to which 
we have alluded is most marked ; and the reader is 
worked into a tremor of enthusiasm by the following 
among other declarations : — 


diffuse or non-toetameric arrangement, exemplified in 
and some other forms, has been secondarily acquired.” 

Dr. Patten’s ^^vorldufige^^ is entitled “Segnier^fel Sense- 
organs of Arthropods.” His concluding remarlu read as 
follows t — 

“ The ventral cord and brain of Arthropods is at first composed 
entirely of minute sense-organs, which in Scorpions have the 
same slrnctnre as the segmental ones at the base of the legs. On 
the lateral edge of each ganglion of the ventral cord of scorpions 
are two of these sensc-rrgans, conspicuous on account of their 
size and dark colour. 1^* each segment of the brain are similar 
but still larger ones. All these sense-organs are converted into 
the ganglipn cells of the brain and ventral cord.” 

The deductions above cited involve absorbing topics of 
contemporary research* We eagerly await the full papers 
and the discussions which they will raise, in the earnest 
hope (on a knowledge of that which has gone before) of 
an amicable settlement. 

Prof. A. E. Dolbear contributes a paper on “The 
Organization of Atoms and Molecules,” in reply to the 
senior editor’s re narks upon “ The Seat of P'ormative and 
Regenerative Energy,” previously noticed in these pa^e$. 
The author deals only incidentally with the biological 
aspects of the question ; he claims that 

•*in lale years chemists have adojjted the term Chemism m 
place of chemical affinity, and have given to it a greater range 
of proclivities, finding no difference but one of degree lietween it 
and cohesion 



** The eyes (of certain leeches) are Regmenlal in origin, and 
strictly homologous with the segmental sen^e organs . . . The 
only evidence of an eye U a single large visual cell, on either side of 
the head, without a trace of pigment investment. In view of 
these facts , . . , we can no longer regard pigment ns an 
essentia] element of the leech eye. It will not d 1 tt) fall back on 
the hypothesis of degeneration ; the visual cells are here 

OR perfectly developed as in the pigmented eyes, and the same is 
true of the optic nerves.” * 


Again-- 

** The segmental sense-organs of thtj leech arc identical with the 
lateral lino organs of vertebi-ates,” and when we find strong 
grounds for thinking that the lateral line organs have served as 
the point of departure for the formation of gustatory, olfactory, 
and auditory organs, our suspicion in regard to the eyes no 
longer appears incredible, * 

']^e paper in which the above cited statements occur is 
entitled “Some New Facts about the Hirudinea," and 
the author defines these animals as “a group, character- 
iaed by the possession of sense-organs on the 

first ring of every somite.” Writing of the leeches in 
especial relation to the progressive development of sense- 
org^s, he tells us that “ nowhere is the transition from 
kwwr to higher sense-organs so perfectly illustrated as in 
the leech,” and he then gives us the following remarkable 
passage 


** SrttnM/ta/fstX and Bhudo reveal all the inter- 

mediate st«p<, l>eginning with the purely tactile organ ; then 
advancing to the compound organ, in which a few of the cells 
have been modified to serve the purpose of vision, while the rest 
have retained their primitive character ; ami finally, culminating 
after a long series of progressive encroachments^the visual 
eletnents Increasteg gradually at the expense of the tactile —in 
an m^n jh whl^ the miglnal funcrion has been entirely 
8u|^;tfeB0«d and a ^ one snbstitated for it.” 

Jigain, we read-t- 


the rhetometlc otrangetnent ef these sense-organs 
mtm marine as well aa, fresh-water and land leeches, and 
evftywh^e agree th certain remarkable details of 
, iopo^phy, and structitre« 1 am led to believe that the 

that vkvn have been poWuliwed, fijr th* by* 

8, pj sue), and Ibr tne MSte Beard . 



that 

“ chemists have not attempted to give a physical explanation of 
the cohesion of atoms into molecules, but have stopped with 
chemism, as if it were an ultimate fact or property ; ” 

while he attempts, as his chief object, to give 

‘*a physical explanation of chemism or atomic cohesion, and to 
extend it to the building up of geometrical crystalline forms.” 

To this paper the editor adds some trite remarks, for 
which, in his modesty, he asks the reader’s forbearance. 
The editor claims that the article in question “ cannot 
)yt said to come strictly within the scope ” of his joumaL 
With that we cannot agree The physicist’s view of the 
nature of organic phenomena is very welcome, and we 
arc of opinion that much good would result could we 
replace many a purely discursive biological article with one 
such as this, if only ’with a view to a more definite agree- 
ment with the physicist than at present exists, upon a 
sound basis for future work. 

The papers which will attract most attention are those 
of Minot and Allis, upon the mammalian placenta, and the 
lateral line system in Amia, respectively. Each is a 
masterly monograph : the chief interest of the first-named 
centres in its revolutionary character ; that of the last- 
named in its solidity and thoroughness. Prof, Minot 
deals in full only with man and the rabbit, and he pro- 
ceeds at the outset to supplement previous work in 
matters of detail. He seeks to show that “ the changes 
in the uterus during gestation” are “a prolonged and 
modified menstrual cycle,” and that “the ovum has no 
power of initiating the development of a decidua^ but only 
of modifying the menstrual process ; hence pregnancy can 
begin only at a menstrual period” In discussing the 
views of others he is dogmatical but nev'er disrespectful, 
and the following may well be cited in example : — 

<*We know posittvely scarcely more than that the maternal 
and fo'tal circulations are brought very close together in the 
placenta. We infer thjit there must be a transfer of nutritive 
material from one Ubod to the other. As to toAtU material U 
transferred add We have only theories, but of them an 
abundance. Under these circumstances, the best beginning is 
imdottbtedly a ffank acknowledgment of our ignorance?* 


■'/♦a®,'"' ' 


TIm Audior Contends that ** tre are brought ^uarely lo 
the eonduefon that the teui ptaceota choriooic " and 
that this ftremiee fhylogenetic epccalation most 

etart.” He teUsle tW^ so far as our present knowledge 
enables us to judge, the dUcoldal h probably the primi- 
tive placental With this we heartily agree, and it 

has always app«»ir»dtb Ae writer of the present artiqle 
that the Same condusion is^ on the Balfourian hypothesis 
(fiotn wh^h Prof. Minot di^nts) that both the yolk-sac 
and allantois were prinmtively cqacerned in rendering the 
chotion vascular, by far the most natural one warranted by 
the facts. The oeuef in the primitive nature of the diffuse 
placenta is, beyond doubt, largely attributable to its non- 
deciduous character. With Dr. Minot, we are opposed 
to Ryder’s theory of the origin of the discoidal placenta 
by constriction of the villous area of the zonary placenta." 
we would rather reverse the order, and regard the zonary 
type as transitional between the more primitive discoidau 
one and the more recent and modified diffuse cotyle- 
donary and metadiscoidal varieties, regarding the re- 
placement of the discoidal in the zonary type as primarily 
due to extension consequent upon the complete with- 
drawal of the yolk-sac from the chorion. Under this 
hypothesis the simple nature of the villi of the difTuse 
placenta might well be considered secondary. 

Dr. Minot’s paper furnishes a moral which cannot be 
too often borne in mind, viz. that it is not necessary to 
look beyond the most familiar organisms for material for 
legitimate work r nei her a ** new body ” nor “ a hitherto 
undescribed organism" are indispensable to the building 
op of a reputation. 

Mr. Allie’s paper is one for which we have eagerly 
watched, it being (as our readers will be aware) the first 
of a promised series The author maps and classifies the 
sense-organs of the head with minute accuracy, at the 
leading stages of growth. When he tells us that “as 
many as thirty-seven hundred " pores “ were counted on 
the bead of a single large specimen/' some idea of the 
laboripusbess of hw task may be formed ; and on finding 
that he has w’orked out the detailed relationships of the 
parts to the individual bones, that he has, in addition to 
working out their development, determined the limits of 
individual variation and taken cenmt of abnormalities, it is 
clear that his labour is a labour of love. The thorough- 
ness of his work and the beauty of his illustrations must 
be seen to, be appreciated ; and should he complete his 
task, maintaining the standard of excellence with which 
he has started, he will have merited the regard of biologists 
for all time. He has brought to l}g[ht the surprising fact 
that many of the first farmed openings of the cutaneous 
canal system fuse form pores, and that the dendritic 
systems and gjroups of pores which, in the adult, re- 
place these, arise to a large extent from their repeated 
dichotomous division. 

The author deals neither with polemics nor generalities,^ 
nor does he even allude to striking facts which his figures I 
vhoWf foreign to his immediate inquiry. Consideration of 
these is doubtless deferred. He deals incidentally with 
the neuro-epithelium of the spiracular cleft discovered by 
Wright ; this he regards as a sense-organ, which was 
“regularly developed in the epidermal covering of the 
head along with the other organs of the infra-orbital line, 
but, lying near the edge of the spiracular cleft, it wahdered 
into this cleft as it was closed.*' Indeed, it is upon this 
observation that the author’s co-editor confessedly bases 
bis belief in the migratoty origin of the gustatory organs j 
and Mr. Allis's aUfed dfsoovery that “ the nasal pits are 
hido^ in the same way that the lateral canals ate^’ will 
be gloomed with especial interest by embryologists of 
theW. 

We havh often wondered that our American bre&ren 
should hayh been so ^drdy in working out the 

pupsr by Fdtidi, ttt’ 


and develdpmhnt of their native Thehr 

Opossum and their Urodeles are now receiving attentfen, 
a beginning has been made with Lepidosteus, the Gym- 
nophiona remain. Zoologists of the OM World coOM 
desire nothing better at the hands of their New World 
confrh^cs than a series of exhaustive monographs upon 
the structure and development of the animals named, 
uniformly with the dne nOw under review. A better 
model of conscientious work it would be difficult to 
produce. G. B. H. 


THE AUGUST PERSEWS OF 1889, 

'T'HE moon being full on the morning of August it, it 
was hardly to be exp^ted that the Perseid meteors 
would exhibit a notable display this year. Apart, how- 
ever, from the ill effect the moonlight must certainly have 
exercised upon the visible character of the shower, there 
is no doubt that the phenomenon has proved one of minor 
importance. I have never observed, during the previous 
twenty- two years, so scanty a fall of the August meteors. 

I made observations on July 26, 27, 29, 30, 31, and 
August 3, for the express purpose of determining the 
radiants of early Perseids, but failed to secure an adequate 
number of paths to carry out that intention. In watches 
extending over eleven hours I counted 89 meteors, but 
not more than 6 of these could have been Perseids. It 
was evident that this system was very feebly represented. 
Yet in 1887 it formed a very distinct ana fairly active 
display as early as July 19 and 22^ and I have sometimes 
remarked decided traces of it m the second week of 
July. In 1878 and several other years I observed that 
the Perseids made a prominent shower towards the close 
of that month, and it was easy to find the position of its 
radiant on every clear night. But this has been quite 
impracticable in 1889, owing to the exceptional scarcity of 
mteors. 

On August 7, 1889 , 1 looked towards the eastern region 
of the firmament during the 2^ hours from Ilih. to 
I4h., and recorded 28 meteors only. Amongst these 
were lo Perseids with a radiant point very sharply defined 
at 41'’ -f 58^ They were rather small and traversed short 
paths ; nearly all of them appeared near the centre 
which they radiated. The shower was, however, of greatly 
inferior character to what was expect^ on a date so near 
the maximum. The ensuing nights were pretty clear, 
but in the brilliant moonlight meteoric apparitions were 
very infrequent. On August 10 only 8 Perseids were 
noticed in one hour before midnight. 

My recent observations would seem to indicate that we 
have passed through a minimum of the August meteors. 

The Aquarids which are generally very .abundant at 
the end of July were also we^ly displayed this year, i 
registered 6 of them between July 27 and August 3, from 
a radiant at 336'’ - 1 f. Of the other streams which dis- 
tinguish this epoch 1 saw several, the principal of thm 
being a shower of Cepheids from 329° + 62® and of 
Cassiopeids from 8* + W. F. DEwmNa 


NOTES. 

We print to*day the Report of the ComtUittee a ppotnted hy 
the Treasury pn the Scientific Collections at Qouth Iten^hgtah, 
under the oonuol of the Science and AH It k 

some eeventeen years since the Bake of l^elimshire's 
: mission recommended their fcvmationi end it wOuld aeem Upw 
I that something may i^ly hedeine after 10 long a dehly^ Tkk 
Conmitiee, it WIH he seen, dbOu^s hhth the^^iestku of a 
hulM^ and that of life pn^er oiigankatiim pf s^ cotleO^^ 
Tlk emkence of 'ipemheH of 

wi»kiht to; thrir racoktitiendafick:^ ttk fins *4^ ; 

'-fevu«d:^y t^Ved^hy'theTr^ * vv. 
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Dveetiog jOf the Iron end Steel Institute in Peris on the 
■^ 4 ^ hud following days of September promiMs to be of great 
jntmtt. A Utrge Attendance of meinbertt is expected. They wUl^ 
he received and entertained by an Influential committee under 
presidency of M. Eiffel ; and the French Society of Civil 
Engineers wUl entertain them at breakfast on the Eii&l Toner. 
Among the papers will he one by Sir Lowthian tiell on the sub^ 
Ject of water gaS| and Prof. Jordan will deal with the mining j 
And metAllurgicAl exhibits at Paris. Excursions will be made to . 
the iron«works of the Loire and St. Etienne^ and of the Nord, | 
and to other centres of the iron and steel industry. Luxembourg I 
and the works of M . Schneider at Creusot will also be visited. 

PROV. X.»6wiq has resigned his appointment as Director of the 
Chemical Laboratory at the University of Breslau. He has seen 
nearly sixty years of academical service. ^ 

A SEVERE shock of earthquake was felt in Greece on August 36 . 
According to a Reuter's telegram from Athens, the direction of 
the earthquake was from north-west to south-east* Its effects 
were most severe in the district of Acarnania. Most of the 
houses in the towns of Amerinion and Aetolikon have become 
uninhabitable, and chasms were formed emitting sand and water. 
The centre of the shock is believed to have been in the Golf of 
Corinth, where the telegraph cable was broken. 

The National Home-Reading Union has now opened its office 
at Surrey Mouse, Victoria Embankment, W.C. Miss Mondy 
has been appointed Secretary to the young people’s section, 
and Mr. George Howell, M.P., Secretary to the artisans* section. 
A (1 communications concerning either of these sections should 
be addressed to them re8j>ective]y. Miss Mondy has also been 
appointed Office Secretary, and communications concerning the 
general work of the Union, as well as concerning the general 
readers’ section, should be addressed to the tion. Secretary. 
Letters of inquiry should be accompanied by a stamped and 
addressed envelope. 

The Vietorian A^afuralist for May and June contains a most 
interesting paper, by Prof. Baldwin Spencer and Mr. C. 
French, describing a trip through the district of CroAjingolong. 
Speaking generally, they describe West Croajingolong as com- 
posed of Lower and Upper Silurian strata— slates, .shales, sand- 
stones, more rarely conglomerates, and at times metamorphosed 
by contact with irruptive rocks. The latter are in the form of 
(l) continuous bands of granite, or (2) a series of knobs 
of granite, both running along tines lying roughly north and 
south. In the former cose they are traversed along their length 
by river- valleys. In districts where there are isolated knobs 
of granite, the rock masses stand out, forming prominent peaks 
and ridges. The weathering of the granite on Mount Ellery is 
described os most striking. On the surface it has been formed 
into huge boulders from ao feet to 75 feet in height, Which lie 
piled up on one another in indescribable confusion. One huge 
mats, the egg shape of which gave to the mountain the native 
Ktame of ** Goonegerah,** stands out high above the dense forest, 
which, save in this instance alone, clothes to thdr summits the 
iolog ridges and many peaks of tbU wild district. So far as the 
InSAct life of the district is concerned, the most striking pheno- 
tnonon Aeems to W the Vast number of ant-hills in every part. 
Over large Areas the mounds of ** jumper ants were so thick as 
to rcmi^ the, ^yellers of mole-bills” at home. In their 
study of the wf i>OA)htgDlo»g tjhey were most impressed 
by the nAntmus specimeoiof the cabbage-tree palm (ZMrueo 
and the warmtah ( The existence of 
the letter qc^edes, pecuilaf to Victoria, wa^ dwt d^oqvercd 
Bom von MmsUer during his jotiriwyibg through the <?enoa 
diff^ V K*«t Ci^ibgolobg- Thi* tree, wWeh sotacUmes 
^ feet, grd^ with equal prbfuriott bad 


Tttk Board of Regents of the SmithsonUn Insti^tion have 
issued Part t of the Annual Report, showing the operations, 
experiments, and condition of the Institution, forthey^r ending 
June 30, i886. A general appendix contains papers tWating to 
, anthropology, l^y various writers ; a paper on certoin parasites, 
commensals, and dou^liares in the pearl oysters, by R. E. C, 
Stearns ; a paper on thne- reckoning for the tw^eutieth century, 
by“S. Fleming ; a report on astronomical observatories, by G 
H. Boehmer; and a catalogue of publicaiions of the Smithsonian 
Institution, W. J, Rhees. 

Mr. J. H. Hart, Superintendent of the Botanic Garden'^ 
Trinidad, refers, in his Report for 18S8, to the comparatively 
large number of American and European tourists by whom these 
gardens are now visited Mr. flart has been more imi>res8ed by 
the energy and enthusiasm displayed by visitors from the north 
than by “‘anything seen from the European side of the world.” 

In fact,” he says, ** Europeans must look to their laurels in 
these matters. Speaking as one myself, it cannot be said that any 
prejudice dictates this expression of opinion, but I record it as a 
fact worthy of the attention of my countrymen.” Tourists of all 
classes at Trinidad, it seems, agree in one respect—in their love 
of photographing forms of plant life which are new or strange to 
them. Mr. Hart is so unkind as to describe this as a ** prevail- 
ing epidemic,” The expenditure of dry plates in the Trinidad 
Gardens is “so large as to afford a rich harvest to the 
manufacturers. ” 

The Committee of the Chester Society of Natural Science 
and Liteiuture has issued its Report, with statement of accounts, 
for 1888*89. This Society was founded by Charles Kingsley in 
1871, and has made steady progress in every department of its 
work. It has now 617 members. Originally, it included only 
three sections ; now there are seven, ** with the prospect of an 
eighth in the coming year. ” During the past year the debt on 
the present building was entirely wiped out through the liberality 
of some of the members, and the Society looks forward with 
8ati.sfac(ion to an increase of accommodation. 

A PAPER on the soft palate in the domestic cat, by Dr. T. 
B. Stowell, has been reprhltod from the tenth volume of the 
Proceedings of the Ameiripaa Society of Microscopists, It is 
offered as a preliminary contribution to a more general inquiry 
“ as to the phylogenesis and the function of the uvula of the 
palate, or the condition^ which favouretl or led to the uvula of 
the palate, or the conditions which favoured or led to the 
development of the uvula of the soft palate." On March a, 
1 888, the same writer read before the American Philosophical 
Society, a paper on the glosso-pharyngeal, the accessory, and 
the hypoglossal nerves in the domestic cat. This paper has 
also been issued separately. 

Ztf Nctiurt of August 17 contains an interesting account, 
by M. Angot, of the laboratories and instrumental arrangements 
of the Central Meteorological Office in Paris, which now 
occupies a large building and grounds formerly connected with 
the Emperor’s stables, with an entrance In the Ruede I’Uni- 
ver^itii. The building is lighted, when required, by electricity, 
and contains, in addition to the usual offices, several rooms for 
the verfficaticn of instruments, of which a great number 
tested annually, darkened chambers for the photographic regis- 
tration of earth currents and magtwstic elements by instruments 
desigued by M. Mascart, These instruments are Indncnoed by 
surrounding liuildings, and are principally intended for t^ie 
Instruction 6? visitor® ; the more accurate records ar® mAde At 
the Obeetviiory ;oif the Parc St. Maur, Another large room 
Is devoted to the appamtus invented by M. Weyber for 
reprodudng atmospheric whirls artificialty. In the grounds are 
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mipontion ttixUs^ and a platform for anemometers of various 
descriptions ; the records of one of Richard’s sensitive instru* 
ments are compared with a stmliar instrument on the Etifel 
Tower, and it is said that the comparison has already led to 
acme interestidtE results ; the platform ahu contains an actino* 
meter on M, Violle's principle, with two spheres, one blackened 
and the other f^ilded. It is intended to erect in the garden a 
whirling machine for anemometer experiments, having a Oir- 
cumferenoe of 40 metres, with a maximum motion, by electricity, 
of one revolution per second, which is equivaietit to about 90 
miles per hour. 

Das WdUr for August contains the first part of a lecture by 
Dr, W. Koppen, entitled Biological Considerations upon 
Cyclones and Anticyclones." He points out that the word 
cyclone was first proposed by Piddington, in his ** Sailor's 
Horn*Book," in 1848, to describe the violent hurricanes of the 
tropic?, in which the wind rotates, in the northern hemisphere, 
in a direction opposite to the hands of the watch. The term 
aivticj’clone was first nsed by Mr. F. Galton, in his ‘‘Meteoro- 
graphica," in 1863, to represent the opposite class of atmospheric 
disturbance, in which the wind circulates in the same direction 
aa the hands of a watch. The use of synoptic charts, with 
isobaric lines, drawn for large areas, shows that the same 
cyclonic motion occurs in our latitudes, in all degrees of force, 
down to a gentle breeze. I'bis constitutes one of the most tm> 
portnntdiscoveriesof modem meteorology, which dates from about 
the year iSfio. The author points out that the circuitous motions 
of the atmosphere, whether cyclonic Or anticyclonic, consist of 
three component parts, which can be proved by the laws 
of mechanics, viz. one rotating motion, one in the direction of 
tbe radius, and one perpendicularly to both of these, parallel to 
the axis of the whirl The behaviour of the atmospheric 
motions in the higher regions is more difficult to describe, but 
80 much seems certain from observations of clouds, &c., that the 
rotation is similar to that below, but the component falling in 
the direction of the radius is the opposite to that below, viz, an 
indraught below corresponds to an outflow above. He explains 
the more frequent gyration of the wind- vane to the right than lo 
the left by tlie fact that stations in our parts are generally to the 
right of the storm-areas. He also shows how the ascending 
current of cyclones produces cloud and rain, by cooling and 
condensation of vapour,' and how the descending current in 
anticyclones produces dry and bright weather. The remaining 
article is a discussion by Dr. Kremser, of the extraordinarily high 
temperatures -in North Germany during May and June last. 
He has compared the daily temperatures of the last forty-two 
years with those for 1889, and shows the result in a diagram ; 
from which it U seen that for the ^hole period (April 19- 
Jane 20) the temperature was on an average 9° above the normal 
value. The author states that the Berlin observations, which 
date back to 1719, show that no May has been so wanUt 
and that the temperature of June has only once been slightly 
higher, viz. in the year 1756. 

Mr. Koward STANroRD has published a little volume con- 
taining useful Alg<trian Hints for Tourists/’ by Mr, Charles 
E. Flower. The writer intends that it shall be used as an 
appendix to the guide-books. He tells his readers what there is 
in Algeria to see, and “how to get to see it." For further 
Information they are directed to the guide-books properly 
so called. 

Wk have received Parts ti aftd 12 of the TransactioiU of 
the X^cester Literary and Philosophical Society. Part 12 
inchides the Report of the Council, and the Annual Reports of 
the Sections, presented to the general meeting on June 24- 

Messrs. OtoaoE PHiLir ani> Son have issued, in two 
sheets, an excellent top^^aphical Inap of the Riviera, It has 
been published by A. Donath, in Genoa. 


The Calendar of University College, Dundee, for the eeventh 
session, 1889-^, has been issued. University College, Bilatdl, 
has also published its Calendar for the session 1889^90. lii a 
prefatory note attention is called to the fact that the Brlsttil 
College particularly kffords appropriate instruction in those 
branches of applied science which are more nearly cooneoted 
with the arts and manufactures. 

“ Flowercand," an introduction to botany, by Robert 
Fisher, is about to be issued by Messrs, Bemrose and Sons* 
The work includes 150 illustrations. 

At a recent meeting of the Vaudols Society of Natural 
Sciences, Prof. Blanc gave some Intercast ing information about 
lake trout reared at the agricultural station of Champ de TAir. 
The peculiarity of the experiment was keeping the ova in com- 
plete darkness throughout the time of incubaiion. The water 
used had a temperature of 4’ ’8 C. Prof. Blanc compares the ex- 
periment with one at Moudon. There, with a temperature of 
2®*3, the hatching occurred after 145 days. At Champ de PAir 
(temperature 4° '8), it occurred after 160 days, a difference of 
15 days, due to the darkness. There are sundry advantages in 
prolonging the incubation : f i) the young fry put into the strearoh 
in April or May more readily find food than in February or 
March ; (2) they are found to be more vigorous ; (3) there are 
few or no monstrosities. 

Some curious facts bearing on the morale of the lower animals 
are given by a correspondent of the Revue Scientifique. One 
source of animal sociability is a permanent sexual fncndlinesa, 
making individuaU mutually agreeable. Thus in stables without 
stalls, it is desirable to put animals of opposite sex next each 
other, to avoid injuries, A mare may be safely put into a field 
containing a horse unknown to it, but if two unacquainted hones 
be thus put together they will fight. A stallion, indeed, will 
sometimes get injury from an unknown mare put into a field with 
it. Again, the authority of the oldest and strongest in a group 
of males often favoitrs sociability. In the Spanish ganaderias, 
a horseman will lead about a numerous troop of bulls, by means 
of five or six bulls who obey him and maintain order. In the 
Madrid circus the writer saw three of these animals bring to it$ 
stall A vicious bull which had ripped up five or six horses and 
mortally wounded its Espdda* They mode a slight move- 
ment of the horns, and the creature, after a little hesitation, 
turned and followed them. Once more, when flocks of wUd 
ducks and geese have to go long distances, they form a iriap^e 
to cleave the air more easily, and the most courageous bird tikes 
position at the forward angle. As this is a very fatiguing post, 
another bird, ere long, takes the place of the exhausted le^er. 
Thus they place their available strength at the service of the 
society. 

The attention of the French Government has recently been 
drawn to the deedmetion of small fish, especially flat-fish, 
round the coasts, by shrimp trawls, and the question wa^ in- 
ferred to the French Fisheries Committee to be inquired intto. 
The Committee have now published their report, in the yout'Hoi 
OJkcUl^ in which they recommend the entire prohibition of 
ing for shrimps with trawU, and advocate in its place the 
adoption of two other methods which were brought to thflif , 
notice at Crolsic and at Saint Gilles, where they are idready lik 
practical use. At Crobic the engine ooqaieta a trap, 
what on the principle of ith ordinary lobster-p^ ; it is a Wooden 
framci in shape like a barrel, and about a fi^ d inchat tnng, 
covered with a small meshed net drawn in at the endf^ thue 
forming two funnels. Each funnel tcrmlnales m a small oponkMIf 
through whi^ the shrimps Are attractAd by bait su«pon4M 
mside the trap. Th« machine, whi^ t# weighted with ; 
mode fMt to the friuno, is fUrtbet provided with n mooring |Ni» 
and Me float, TboEe oTw^ eadh flshArtnan imiy filAi. 
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fi^m twenty*five to thirty, are kept permanently on the ^ahing^ 
^rountis durh)g the shrimping season, and are visited daily, 
when the catches are taken out through a hinged opening at the 
aide, and fresh bait put in. The second method recommended 
consists of a conical pocket of small meshed net about t8 inches 
deep, fixed to an iron ring with a diameter of 2 feet 6 inches to 
3 feet. Four short lines are attached to the ring, and are made 
fast to a rope and cork float. The bait, which consists of bits of 
fish, is either placed at the bottom of the pocket or on two lines 
stretched across the iron ring. These nets require to be raised 
every 15 or 30 minutes ; they should be sunk so that the ring just 
rests on the bottom, the supporting lines bein^ kept clear of the 
bait by means of a float fastened at the junction of the lines with 
the mooring rope. This method is said to be most successful 
when carried on at low water in the early morning. 

A RECHKT number of the China Ktvkw (vol. xvii. No. 3) 
contains a paper by Dr. Maegowan on the alleged avenging 
habits of the cobra in Indian and Chinese foikdore. The belief 
in India U tliat a wounded cobra which escapes will sooner or 
later revenge itself on the man who has caused the injury, 
wherever he may go or whatever he may do. Dr. Maegowan 
says that this belief is prevalent in Indo China and China as 
well as in India, liut in China there is also a strong prejudice 
against killing the cobra, lest its spirit should haunt the slayer 
ever after. Cobras, therefore, are shunned rather than pursued 
and attacked. Popular stories of the dire consequences of 
slaying them kec}> up the superstition : a high olficiol who 
had killed one died *oon afterwards of some mysterious disease, 
and the death is attributed to the slain snake ; again, the spirit 
of the snake enters into possession of its slayer, and employs the 
vocal organs of the latter in tittering imprecations on himself 
until death mercifully removes him. Dr, Maegowan give.s a 
large number of stories of this character. A number of others 
refer to the retribution on snake -killers after their own 
deaths. Gratitude, as well as vindictiveness, is ascribed to 
snakes, of which some characteristic stories arc given. In 
conclusion, Dr. Maegowan observes that the recently established 
vernacular press in China furnishes inexhaustible stores of 
folk-lore. ** Paragraphs describing popular superstitions, im- 
poStible occurrences, nioitttrosities, and so forth, constitute a 
great portion of their matter.*' In regard to snakes, the marvel 
is that any are killed at all in China, so many dreadful punish- 
ments are supposed to overtake their destroyers ; and, indeed, 
it is considered a work meriting favour here and hereafter to 
purchase captured snakes and liberate them. Nevertheless, 
poisonous snakes are not numerous in China, probably liecaiise 
their presence is inconvenient to Chinese farmers, and they arc 
therefore destroyed, folk-lore notwithstanding. 

In connection with the recent discussion, in Parliament and 
eUe where, respecting emigration to South America, it may be 
interesting to reproduce certain observations of I)r. Alfredo da 
Duy, at a late meeting of the Academy of Medicine at Rio, 
on the efihet of climate on race. They are quoted in a report 
from the British Legation in Btaidl, which has recently l^en 
pabltished^ I have long noticed/’ ho says, ‘'that Brazilians 
In general are more pallid, omd are less vigorous and energetic, 
thim persons comii^ from temperate and cold climates. Here 
lb Kio de Janeiro the degeneration of the Portuguese race may 
alsq l)a noted. In fact auch inlmbkants of Rk? de Janeiro as 
are not ctoloared persons are generally pallid, weak, of short 
nature, and of but Iftlle mmicular strength. I have found that 
an atisr:mic condition Is vety ocMamon among us, and, in most 
cas^ la our country, malarious infection fa the cause of the 
iibj^verlshmcmt of blood, wh«mver this impoverishment exceeds 
physloiogical limits. t believe^ however^ that such malarious 
of blood slddom kilts by ^self, but this It is 
w^m%Jr^ka'ehi^r«n in Rio do janeiiro show so Bttle resistance 
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to other maladies, and it is one of the causes which conO't*' 
to produce the great infant mortality in the city of Rto de 
Janeiro. The average annual mortality of children in Rio de 
Janeiro, up to seven years of age, was 2900 in the five years from 
1882 to 1886, excluding those born dead. It is chiefly among 
the children of Europeans resident in Brazil that I have met 
with the most accentuated impoverishment of blood and debility, 
and I believe the explanation to be marshy mila’ia (tw/a- 
/udismo). I have noticed in my practice that the children of 
Portuguese and Italians do not fare so very badly in the 
Brazilian climate, but that the children of foreigners coming 
from the north of Europe show a noted physical degeneracy, 
and a frail vital resistance, so th.at the greater part of them suc- 
cumb at a tender age, and even if they reach adult life they never 
show any grade of robustness and energy comparable to that of 
their progenitors. Although I am fully |>ersuaded of ihe good 
moral qualities of the European colonist, I think it my duty to 
stale that Germans, French, Belgians, and other persons from 
climales very dififerent from ours, will never be able to give a 
prosperous colonization to our warmer province-, c icept in the 
case of crossing with races better adapted to hot climates.’' 

In Consul-General Playfair's Repot t to the Foiclgn Office on 
the agriculture of Algeria, it is said that viticulture in that country 
is beset with many dangers. In spring, hailstorms frequently 
destroy the young shoots ; the flowers are often ruined by fogs ; 
and the ripe fruit by the sirocco. 'I’lie most seiious enemy is, 
of course, the PiyKoxtra, but the ofiicials have been (airly suc- 
cessful in dealing with tliis pest. Another is the a small 

beetle that causes great destruction, particularly when in its larval 
condition. The mode of killing the altUe commonly adopted 
is to place bundles of grass and vine-cuttings around the vine- 
yard when winter is approaching; in these the insects conceal 
themselves in large compact massC'?, and the whole is then set 
on fire. Other diseases are the otdiim^ authrachnod^, perono^pera^ 
and chlorosis. It is calculated that the want of intelligent treat- 
ment of these diseases c.tuse.s the owners of the vineyards to lose 
annually nearly a third of the crop. 1he olive facems to grow 
everywhere in Algeria except in marshy ground, and attains 
climensiona quite unknown on the northern coast of the Mediter- 
ranean. At present, however, from careless cult ivai ion, the 
plant has not proved as remunerative, nor have its products been 
as good, as in Europe. 

The British Consul at Bogota, in his last Report to the 
Foreign Office on the agricultural condition of Colombia says 
that for tolMcco cultivation in that country no manure is used, 
and the same land is used over and over again for an indefinite 
number of years. In some districts, where disease has completely 
exterminated the tobacco plantations, it has been found that 
when plants are brought from other districts they are not 
attacked for a few years, but ultimately they are aI.so destroyed. 
This, perhaps, might be avoided by constantly importing fresh 
' seed ; but the experiment was tried on some of the best tobacco 
I land in Colombia, with the result that a# the seed brought from 
inferior districts began gradually to improve by transportation to 
the better soils, it became more liable to disease, while the plants 
grown from seeds brought from the better districts wore attacked 
at once. Another instance of the ignorance of scientific agricul- 
ture ill Colombia appears in the case of cocoa. It is most care- 
I lessly cultivated, though it is a crop which requires constant care 
and labour to weed and clean the ground, aiad free the trees of 
the numerous insects, especially the caterpillars, which infest 
them. A moat destructive disease has lately attacked the trees 
In the south of the Tolima, which U one of the very richest 
districts in, Colombia. This disease does not seem to have 
been investigated, and no remedy has been suggested, but 
the extent of Its ravages will be undetfitood from the, fact that 
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tm of the pUmtations attacked produced only 175 pounds 
instead of iS,ooo pounds of cocoa. 

Tus additions ^ the Zoological Society's Gardens during the 
past week include a Foitnosan Deer {Ctrvus laHtanus d)> a 
Japanese Deer {Cervkis sika 9 ) from Japan, two Three^striped 
Paradoxures {PaiNid<^xHrut a Great Eagle Owl 

{Bubo masimus) froin China, presented by Capt* C. Taylor 
S.8. Abir^ttn;^ Common Fox {Canis vulpts 9), British, pre- 
sented by Mr. Edward Hall ; a Bewick’s Swan {Cygttus beitncM) 
from China, presented by Mr. Jansen ; a Peregrine Falcon {FcUco 
pa'egrinus) from Cyprus, presented by l^r. W. Iload ; a Mant- 
churian Crane (Grus viriifirostHs) from North China, eighteen 
Spaitish Blue Magpies {Cyan&polius cooki)ix^m Spain, an Indian 
p3rthon {Python violurm') from India, two Water Rattlesnakes 
{CTotalus adamanteus) a Mocassin Snake {T'ropidonotus fasci- 
North America, deposited ; five African Eepidosircns 
{Proiopd^^s annectand) from the River Gambia, West Africa, 
purchased ; a Royal Python {Python regiii$) from West Africa, 
received in exchange \ an Indian Muntjac {Co'vulus muntjac d ), 
bom in the Gardens. 


New MiNOk PLANKts. — Two new mtnpr planets were dis* 
covered on August 3; tbe one, No 185, Herr Palisa at VieUnUr 
the other, No. 286, by M. Charlbis at Nice. 

New Double Stars.— Mr. Burnham reports that n OphiUchf 
is a close double, the two components being of nearly eouat 
magnitude. The pesent position of the fainter is angle «« 374^7, 
and distance « o'' *35, It will probably bo found to be a binary 
of somewhat short period. 

0 Cygni has a small companion at position-angle 43**9, and 
distance 3" 63, recently discovered by Mr. Burnham. The com- 
panion is about the fourteenth magnitude* 

Stars wtTii Remarkable Spectra. —The examination of 
the photographs of stellar spectm taken at Harvard College in 
connection with the Henry Draper Memorial has sm>wn 
DM -f 43* No. 3571 to have a spectrum crossed by bright lines, 
and similar to tho^e of the three star* discovered hy Wolf and 
Rayet in 1867. Two other stars, DM + 66“ No. 878, and 
DM -f 84" No. 516, c8)^cittlly the latter, have the most strongly 
marked siiectra of Secchi’s third type which have yet been 
recognired, except in the case of some variables of long period. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEN 1889 SEPTEMBER 1 - 7 . 


OUR ASTRONOMICAL COLUMN. 

Comet 1^9 (Bitooifs, July 6. )— The following elements 
and epliemeris for this object are by Herr Ouo Knopf {Astr. 
Nath.f No. 2916) ; — 

T = 1889 July 12*3616 Berlin M.T. 


a « 29 4 56 > Mean Eq. 1889*0, 

, * « 5 44 7 1 

logf t= 0*35280 

Error of middle place (O - C). 
dx cos B 2= + 20'^ ; - 2". 

The observations on which these elements are based were 
obtained at Lick, July 8 ; Vienna, July 21 ; and Dresden, July 30. 


Ephomoris for Berlin Midnight. 


18B9. 

R.A. 
h. m. t. 

Decl. 

L:>g r . 

Log A. Bright- 
ness. 

Ang. 31 . 

.. 0 730 ., 

.. 5 si'* s. . 

.. 0*3665 

0*1326 ., 

. 1*37 

Sept. 4 . 

.. 0 6 29 .. 

■ 5 4«'4 „ • 

.. 0*3686 

.. 0*1324 . 

.. 1*36 

8 . 

.. P 5 *4 ‘ 

.. 5 43'8 • 

.. 0*3709 .. 

>■ 01333 . 

• ' 34 


Tbe brightness on July 8 is taken as unity. 

On August 1, Mr. Barnard observing at the Lick Observatory, 
found the comet to be composed of three distinct adjacent 
comets, perhaps more ; and Prof. Weiss, under date August 6, 
reported it as fourfold. 

Comet 1889 ^ (DAViriSox).— Dr. Becker gives the following 
elements and ephemeris for this comet, derived from observations 
made at Rome on July 26, Vienna on August 4, and Dun Echt 
on August 15. 

T =s 1889 July 19*29538 G.M.T. 

T - <l = 34? 53 ^*9 1 

SI ^ 289 8 i 6'2 / Mean Eq 1889*0. 

, ei 59 S97 ) 

log tf = o‘<^6949 

AX co8^ = + 6"*6 ; AB = - o"*3 ; (O - C). 


Ephemtris for Qrumoich Midnight. 


jW9. 

R.A. 

h. m. *, 

DecI, 

Log A. 

Log r. 

Bright- 

ness. 

Aug. 28 . 

■ 'f S^S- 

.. 24 87 n: . 

.. 9'943a * 

.. 0*0919 . 

.. 0*12 

Se^. 1 . 

. 16 18 58 . 

• »5 47'5 » 

.. 9*9794 < 

. 0*1043 - 

.* 0 10 

5 • 

. 16 27 38 . 

■ IX ' 

.. 0*0135 . 

. 0*1170 , 

.* 0*08 

9 • 

. 16 3S S3 • 

. 28 18*8 

.. 0*0439 .. 

. 0*1299 .. 

. 0 06 

*3* 

. 1&4349. 

. 29 17*6 

o'07o8 .. 

. 0*1428 . 

. 0 *0 J 

17 • 

. 16 51 34 . 

. 30 87 

.. 0*0^6 


. 0*04 

21 . 

1659 u . 

30 5**3 N, . 

.. 0*1205 . 

. o'ldSs . 

■■ 0*04 


The brightness on July aa has been taken ns unity* 


/pOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 
is here employed.) 

At Greemvich on September i 

Sun rises, 5h. JSm. ; souths, iih. 59m. 46*7s. ; daily decrease of 
southing, 18 '9s. ; sets, i8h. 45m. ; right asc. on meridian, 
lOh. 43*im, ; dccl. 8“ 8' N. Sidereal Time at Sunset, 
lyh. 30m, 

Moon (at First Quarter .Scpteml>er 2, 2oh.) rises, i ih. J9m. ; 
souths, i6h. 50m. ; sets, 2ih. 31m, ; right asc. on meridian, 
I5h. 33’9»n* i deci. 15“ 29' S. 


PlaiWt. 

Rlne'i. 

Souths. 

Sets. 

Right oac. 

on 

Bod deelinatio* 
meridUn. 


h. m. 

h. m. 

h. m. 

h. m. 


Mercury,. 

7 10 

.. 13 H 

... 19 18 

... 11 58 0 

... S SN. 

Venus 

I 33 

*■ 9 23 

... 17 13 

8 6*4 

... >9 33 N. 

Mars 

2 59 

.. JO 33 

... 18 7 

9 l6'i 

... X7 5 N. 

Jupiter. ... 

15 16 

.. 19 9 

... 23 2 

.. «7 53'6 

... 23 26 S. 

Saturn..., 

3 54 

.. ir 11 

... 18 28 

•• 9 S4'i 

... 14 I N. 

Uranus ... 

9 3 

.. 14 30 

19 57 

•• >3 '3'9 

... 7 12 S. 

Neptune.. 

21 39* 

5 29 

.. 13 19 

.. 4 U7 

... 19 26 N. 

* fndicntas that the riding is that of the preceding evening. 


Sept. h. 

4 ... 2 ... Jupiter in conjunction with and 1° 3' south 

of the Moon. 

7 ... 8 ... Neptune sialiojiaiy. 


Variable Stars. 


Star. 

R.A. 

Deci. 





h. in. 




h. m. 

S Arietis 

I 58*7 

12 0 N. 

... Sept. 

L 

.Tf 

K Arietis 

2 9*8 ... 

24 32 N. 

... 41 

7i 

M 

k Ure« Majoris ... 

12 31*3 ... 

60 6 N. 

... ,, 

5. 

M 

R Bobtis 

*4 32‘3 > • 

27 13 N. 

... ,, 

2, 

M 

U Librsc 

14 55'» -• 

8 sS. 

*«• II 

5i 

a 22 m 

U Coronee 

*5 13^7 * • 

3» 3N. 

... 1, 

3. 

2 i m 

U Ophiuchi... ... 

17 10*9 ... 

1 2b N. 

... ,, 

34 

0 46 m 




II 

3> 

20 54 « 

X Sagittarii 

17 40*6 .. 

27 47 S* 

... fi 

2i 

1 0 Jlf 

W Sagittw:U ... 

17 57*9 - 

*2 35 f- 

... II 

2, 

22 oAf 

Y Sagittarii... ... 

18 14*9 

18 55 S. 

... „ 

L 

low 

0 Lyrm 

18 4:6^ 

33 *4 N. 

• ** #1 

4. 

23 

K Lyt® 

iB 52^ ... 


PI 

5> 

M 

U Aquilw ^ 

19 ^’4 

7 *6 S. 

... It 

5* 

tom 

T Vttlpoculw ... 

flQ 40*8 ... 

a? soN . 

... ,1 

1* 

0 oM 

9 Cephei 

sa 23*1 ... 

57 5* N. 


3 

23 0 w 

Af signIBes miudiaum i m mlatmum ; secaadary ssiahnum. 




Near p Pemi 
„ nCipA 
„ 7 Fiectum 


43 

30s 

347 . 


39 N. 

■ O''.. 


..... 'Strict i 

... sw« ) tam 

0Kpw f pn|pii* 
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THE SCIENCE COLLECTIONS AT SOUTH 
KENSINGTON. 


'T^HE foUdwing is the Report of the Committee appointed by 
the Treasury to inquire into the Science Collections at 
South Kensington i— 


1. Qur original instructions are contained in the Treasury 
Kin tte of the it^ib Kebruaiy 1889^ which will be found in the 
Appendix (No, 1), Upon consideration, we found that some 
ampli^cation of these instractions were necessary, and we 
accordingly communicated to Government the resolution which 
is printed in the Appendix (No. a). In reply to this resolution 
we received a letter from the Trealmry under date of the 23rd 
March, Appendix (No. 3). 

2. AAer some preliminary deliberation, and an inspection of 
the collections which form the sul^ect matter of our inquiries, 
we proceeded to take evidence from representatives of the 
Science and Art Department and others who had been practi* 
cally concerned in the formation and arrangement of these 
collections ; and, during our inquiries, we have again inspected 
the several liranches of the Museum in company with professors 
of the Normal School of Science and others specially conversant 
with the contents of each ; we have aUo been furnished with 
detailed catalogues of the collections. By these means we trust 
that wc have secured an acquaintance with the contents of ihe 
science collections sufficiently exact for the purpose of our 
present inquiry. 

3. It may be convenient that we should recapitulate the differ- 
ent collections with which we have had to deal, noticing at the 
same time the manner in which they are at present housed. In 
these respects, the changes since Sir P’redcrick Bramwell’s 
Committee reported have been not inconsiderable. 

The collections have been classified by the Department 
(January r888) under two main divisions : — 


I. Instruction and Research. 

II. Industrial Applications, 

Division I.— The collection of Scientific Instruments and 
Appliance.s for science teaching occupies 6325 square feet on 
the ground floor and 15,840 square feet on the upper floor (in 
all 22,165 square feet) of the Western Galleries,'^ 

It is grouped by the Department under the following heads, 
corresponding in the main with the arrangement of the Science 
Directory. 

A. — Mechanics and Mathematics. 

B. — rhysicB. 

C. — Chemistry, Metallurgy, and Principles of Agriculture. 

D. — Biology. 

E. — Geology, Mineralogy, and Mining. 

F. — Navigation, Nautical Astronomy, and Physiography. 

The collections illustrative of Mining are, however, housed in 

the Geological Museum in Jermyxi Street, in connection with 
the Royal School of Mines. These we have not examined or 
considered. 

Division ff,— Industrial Applications. 

(tf) The collection of Machinery and Inventions (including 
the selected specimens from the old Patent Museum, and also 
sQire few illustrations of metallurgical operations) occupies 
18,476 square feet on the ground floor of the “ Southern 
Galleries.^^ » 

{//) The collection illustrative of Naval Architecture and 
Machinery occupies 15,374 square feet in all on the upper and 
ground floors of the Southern Galleries," the machinery being 
00 the ground floor. 

(r) llie Fish Culture collections and some miscellaneous 
objects occupy 5630 square feet in a wing at the west end of 
the/* Southern UaJllerlefi/' 

^ In addition to these branches of our subject we should, in 
Older to complete the li«t of scientific collections) mention the 
two following) which He beyond the terms of our reference i — 
(1.) The BSucatioaal Library of Science. 'I’hisia now placed 
in the Museumjt to tne east of Exhibition Road, in connection 
with the Art and Ocnerol Library, 

(li.) The uollectionx of Food , and Anhnal Products, formerly 
at South Kensington. These ai^e now housed in the Bethnal 
Oreen Branch Museom. 

Ittnay, lie convenfent to add that about t6,poo square feet on 
the two floors of the eastern end of the Southern Galleries 
* 


-i Osflede* are rhou adloining Ouevn^s Ost* aod aorch of 


af« those axtvfidiea iiOia IgxbibJtian Kewd to 
Wthr lOUth of iHe tmptdM latdtuw Kbad. 


(formerly the National Portrait Gallery) are now occupied by a 
collection of modern industrial products, furniture, and orna- 
ments, removed thither from Bethnal Green, which belongs to 
the Art division of the Museum, and has no connection with the 
Science collections upon which it is our duty to report. Further, 
about 9200 square feet on the ground floor of the Western 
Galleries are nsedonly for examination rooms, 

5. It will be observed that in our enumeration of the branches 
of the Science Collections as at present cxistint;, we have made 
no reference to two branches mentioned in the Report of Sir F. 
Bramweirs Committee 

(u) The Educational Collection. 

The Structural Collection. 

For these sections spaces of 7000 square feet and of 15, oca 
rising to 25,000 square feet respectively, were demanded by the 
Committees whose recommendations were adopted in that 
U^ort. 

These sections have been suppressed for reasons given by 
General Donnelly, the articles of which they were composed 
having been returned to the lenders or otherwise disposed of. 

It was probably the aspect of these collections which, upon a 
superficial view of them, led to the severe strictures sometimes 
passed on the contents of the Southern Galleries. 

As regards these two sections, we may here say that in our 
opinion the necessity for the exhibition of school furniture and 
fittings, such as are required for schools receiving grants under 
the Elementary Education Acts, no longer exists ; but (under 
proper limitation) a scries of diagrams and models of the liest 
forms of construction and a collection of specimens of material, 
spedally designed for scientific and technical education, might 
with advantage l)C exhibited in connection with the subject of 
mechanics as taught in the Norman School, and with that 
subject and with building construciinn as taught in science 
classes, and with the general collection of applied .science. 
Such n collection should be strictly technical in character ; 
otherwise there would be a risk of indefinite extension in this 
department. 

I 6. The order in which we have described the collections in 
our third paragraph follows the arrangement adopted by liie 
Science and Art Department in January 1888, ami agrees with that 
suggested in paragraph 26 of Sir F. BramwelTs Report, where 
the “instruction given in the Normal School of Science'* 
coupled with “ the leaching of science generally throughout the 
United Kingdom,^' precedes " the acquisition of other objects in 
the interest of science or of the ails,'* 

It is indeed evident that the collections in the Western 
Galleries, containing instruments and appliances indispensable 
for the teaching of science, are more closely connected with the 
work of the Normal School and the* science classes in connection 
with the Depurtment than the machinery, to which, however, ^ 
Borne of the professors refer by way of illustration in their 
lectures ; and the machinery is more closely connected with the 
Normal School .and science classes than are the ship nriodels, 
which (U present are not used at all for the scliool ; whilst the 
fish collection serves no direct educational purpose at all. We 
learn from the Treasury Letter of March 23 that the view as to 
the object of theNC collections expressed in paragraph 26 of Sir 
F, Bramwell’s Report has in substance been adopted byGoyern- 
ment, with the qualification that “the leaching of science 
generally" must be subject to “ reasonable regulations." 

Prof. Huxley, who, m one capacity or another, has had a very 
Urge share in the formation of these collections, maintains that 
the connection of the c^dlections with the Normal School of 
Science is “ accessory and accidental," the essential object of 
them being, firstly, “to facilitate practical instruction in science, 
particularly in the teaching in the science classes connected with 
the Department, by enaWing teachers to acquaint themselves 
with the various apparatus, models, and specimens which are 
indispensable to primr scientific instruction, or which have been 
found especially useful in such instruction, and in original invest!' 
gation," and, Secondly, “the preservation of apparatus and 
models which possess historical interest as marking stages either 
in the process of discovery or in that of the application of 
scientific prineij^es to art and industry." 

Without attempting to determine the relative value of such 
collection^ as redded from different points of view, we would 
State that in our opinion their direct educational bearing docs 
not afford an adequate test of their value and importance. 

7. Wc proceed to cone^ee sma/im the several aeclions of the 
CoUeefioO, beginning with the '^Appliances for Instruction and 
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Research " now in the Western Galleries. For this section, 
which now occupies a little over 23,000 square feet, the co n* 
tnJitee of professors, whose report was adopted by Sir F. Bram- 
well and his coUiagues, estimated that 37,000 square feet were 
require<l, with an addition of 3,000 square feet in the neat ten 
years, i.f. nearly double the area at present available. The 
space now provided is well filled but hardly overcrowded ; the 
objects exhibited ate> speaking generally, either of historical 
interest as illustrative of the developaaent of scientific diswery, 
or representing the latest and most improved forma of scientific 
instruinents and appliances. The collection is clearly of great 
use to the hludents in the N armal School, the professors of which 
draw upon it largely f jr illustrations of their lectures, or bring 
their classes into the galleries when that course is more 
-convenient ; and these remarks apply to the historical aide of 
the collection almost as nmch as to its more immediately prac- 
tical portions. It is of no less use to such of the teachers and 
students iii science school# throughout the country (which 
receive grants from the Science and Art Department) as have 
opportunities of visiting it, whether singly or in organized classes. 
A special feature in the collection is the series of appliances for 
the teaching of science which it contains, sometimes systemati- 
cally arranged ready for class u<e, s jmetimes shown as a group 
of similar objects made by different makers, with prices attacheil. 
Wc think that these samples (as they may be callerl) require vei7 
careful administrative watching in order to keep the selection 
exhibited up to the latest date and the best quality. For such 
specimens the Department hasi especially in the early stages of 
the collections, been largely indebted to the assistance of private 
firms; for whom proper consideration must therefore he shown. 
'Phese samples are doubtless of service to teachers, especially in 
the present comparatively undeveloped condition of elementary 
^scientific teaching in ibis country ; and the space occupied 
‘by them* (mostly in wall cases) need not be large. 

The collections now under consideration ap[->ear to have been 
on the whole carefully watched by a committee of professors in 
the Normal Hthool, when under the exicenciesof a limited space, 
have eliminated from them almo« all objects of an obsolete 
-character. Little further wee ling is possible in them as they 
now stand, except jjcrhaps in the case of some of the samples 
described above. Turning to the other side of the question, the 
complaints of want of space do not appear to be very serious ; 
and the future development of such coUeclions can, we think, be 
met id part, but not altogether, by the e Urn inn* ion of objects 
which, appropriate and necessary to-day, will become obs detc 
in the inevitable progress of scientific knowledge and procedure. 
We .say, “not altogether," because there ought to be retained a 
limited number of object# illustrating the historical development 
of the more important implements of scientific research ; more 
-over, some.paiural incrense must Iw contemplated arising from 
ihe introduction of new methods of scientific investigation. Wall 
Hpftce is all that is required for the exhibition of diagrams, which 
can often be usefully employed in lieu or in aid of actual objects 
or instrumenU. 

The need for the exhibition of the appliances for elementary 
^tcicncc classes may be expected to diminish as the organization 
of scientific erlucation improves, in the same way as the universal 
extension of primary schools has removed the necessity for such 
an exhibition of school desks and fittings as formerly existed in 
this Museum. 

Included in the 40,000 square feet provided for by Sir F. 
Braraweirs committee are 4000 square feet for ** agriculture. " 
At present only a very small collection exists in connection with 
this subject. Lectures are from time to time delivered at the 
Normal School, on the principles of agriculture, and the De- 
partment holds exathinations in the same subject. But it in 
obvious that for the portion ^ of this subject in which instruction 
-cm usefully be given in lectme-rooms* the iliustratlve collections 
required need oCoup); only a very modera'e amount of apace. 
Any complete collection of objects illuatrative of the study of 
-all branches of agriculture w utld require a space at South Kens* 
tpgtoh far larger than could be allotted to a mere brs^nch of a 
Science Museum. The pilncif)al agricultural implements ihould 
^)e rcpre!ictjtc<l by m,>deU in the department of Machinery dnd 
Inventions ; and provkion seems ti> have been made <br this 
purpose in the scheme for that dcp&riment, to which we Witt 
subsequent ly" refer. 

The Western Oakeries #t present in use are fairly sotisfac^tory 
, os regard# constmeUem and lighting, and allow their nominal 
area and wall apace to be utilized to the fuH extent of their 


capacity. They are, however, inconvenlenily situated as regfttds 
both the Normal School and the rest of the Museum, and we 
have little doubt that a building giving an et^oal accommodation 
could be provided at a cost less than the cajutalized value of the 
rent (;faooo per annum) at present paid for them. 

On the whole, we are of opinion that, having regard to the 
financial exigencies which must always be present to those in* 
trusted with the ex)^nditure of public funds, a moderate increttoc 
on the present space should, subject to one important proviso, 
suffice, for some thne to come, for the needs of the Normal 
School and other requirement# of this section. 

The provit.0 to which we - refer is, that there should be a well- 
organized system of management of the collection. We will 
revert hereafter to thk point, which, in our judgment, affords 
the key to the whole question now before us. 

8, Passing to the section devoted to Machinery and Inventions, 
we have to observe that this is of the nature of a technological 
museum rather than of a collection for the special benefit of the 
Normal School, or of the Science Classes connected with the 
Department. It is, however, to be observed thtat the Professor 
of Mechanics attaches great value to this colleeiion for the pur- 
poses of his teaching ; and that the objects used as illustration# by 
the Professor of Metallurgy (so far as he doe# not use diagrams) 
are practically included in this division of the Museum. Re- 
garded from a broad point of view, the value and importance of 
this section must be admitted ; and we approve of the policy 
which has l^en adopted by the Department in recent years, of 
developing it at the expense of less important collections. In 
pursuance of this policy the area of this section has increased from 
11,000 to over 18,000 square feet, now occupied to nearly its full 
capacity. This i# still very far short of the sp.ace of 45,000 in- 
creasing to 60,000 square feet arlopted by Sir K. B ram well’s 
committee, and even of the more moderate demand of 40,000 
square feet put forward by Mr. F., A. Cowper in his evidence 
before ns, and based on carefully-detailed calculations. That 
gentleman bos devoted a great amount of time and trouble to 
this coUeptim, which bears the mark of his patriotic laViours in 
the evident endeavour to utilize the available space to the best 
advantage. There arc a few objects, but only a few, in this col- 
lection which could properly be eliminated ; but we consider 
that care should be taken not to acquire or receive full-sized 
machiites where model# can be made to serve the same purposes, 
and also to avoid unnecessary multiplication of part# in either 
model or machine. For example, two or three rows of bobbins, 
dec., on a spinning fraipe show as completely the principles on 
which a machine is constructed as would a complete series, 
such as U to be found in actual use. Inferior nr obsolete ex- 
amples mmit be eliminated as better or more recent specimens 
arc obtained, subject only to the retention of a few typical illus- 
trations of historical development. Moreover, the development 
of the collection must inevitaldy be gradual, »f properly carried 
out, as the right objects cannot be obtained off-hand, and the 
temptation to obtain or accept inferior examples should be 
avoided in every possible way. Even with these restrictions, we 
awreewith Mr. Cowper that ultimate, if rtot immediate, provision 
of a maximum space of 40,000 yjuare feel should be made foe 
(his branch of the Museum j and we believe that, under well- 
Organized and efficient management such as we have already 
pronounced essential, this H)ace, if provided by means of suit- 
able buildings, ought to sumce to contain a technological collec- 
tion worthy of a great manufacturing country. As a temporary 
measure, space might l>e found for the expansion of tbit section 
tjy the removal of the decorative objects which occupy the 
eastern end of the ground floor of the Southern Galleries. 

9. piaval Vnder this head are included complete 

models of vessels of various kinds, actual or proposed, fenrmmg 
an historical series, and mostly on toon ; moaeU illustrative m 
naval construction \ and models of marine machinery, many of 
historic Interest. |n r^ard to this section of the Museum^ 
have had consider the very d«l)atabfe question of the suit- 
ability of South Kensington as a rito for a marine coUectiohf 
Though classes are examined by the Department in naval ton* 
struction, no provision is at present made for teaching the subject 
in ihk locality. It fe rjght, however, to say that ’'sUimner 
classes" in this subj^ are comemplated I ^hd a chum is mi- 
tended to be held iieiit autumn, it remembered Chet 

the School of Ndvd Architecture (in cohnectton vwith which thk 
collection was origMly fermed!) hoa been 

wich, and has ossuined a more pwmihehiiy 

It U not easy at drei oidJR to regard tlhe w^tt eha V" ^ 
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the most convenient centre for tho^e intereftted in «hip consinic- 
tion, e$peci«iUy coneidering the small amount of ship'building 

r ations now conducted on the Thames. But it has been 
that there is a very strong sentiment among those inter- 
ested in shipping in favour of the retention of the ship models 
in their present bome, and the following are some of the prac- 
tical reasons given in support of this view, by the Institute of 
Kaval Architects and others 

(t) The shipping companies and othrr owners of the large 
ornamental models have, it is said, declined to lend their 
property for permanent exhibition elsewhere than at South 
kensWton. 

(a) The navni collections are closely connected with the 
Machinery and Inventions Section of the Museum. 

(3) Being at South Kensington, the departmental system of 
drculation can, it is said, be applied to them. 

This Utter remark only applies in practice to a small portion 
of the collection, viz, the models, &c., illustrative of the details 
of ship construction. The Urge models of ships do not belong 
to the Department, and in any case are too large and too 
valuable to be sent round, under the pica of some slight educa- 
tional utility, to local schools of elementary science ; though, 
under special circumstances, some of them have been Icftt by 
their owners to Exhibitions in the provinces, or even at I^aris. 

On the whole, we have arrived at the conclusion that it would 
be practically impossible to reconcile public opinion to the 
removal of thi'; collection elsewhere, and that space must 
therefore be provided for it at South Kensington. 

For this collection 10,500 s^juare feet vi'cre demanded at once 
by the committee referred to in Sir K. Bram well's Report, with 
an increase of xo,ooo square feet. The space at present occupiwl 
*5'374 three fourths of the maximum desired 

by the special committee, AVc consider that the present space 
should suffice, under proper administration, for an adequaic 
exposition of the methods and results of the very important 
national industry of shipbuilding. In connection with this 
concluaion we would observe that, in our opinion— f 
(1) A certain number of the objects now exhibited could he 
eliminated “ without injury to the value or reptetteiUaiive 
character of the collectiona ; and the fact that so much of the 
Space is occupied by large ornamental models of ships, many of 
them on loan, would facilitate; such elimination, when required 
for the introduction of new examples. 

(a) Having repjard to the fine historical and practical collection 
of war shipsi which cxisii at Greenwich, anH is readily accessible 
to the general public, the portion of the South Kensington col- 
lection which relates to ships of war should be reduced to a 
inioimum- It now occupies twenty pages of the catalogue, in 
which fifty-three numlwrrs arc described. 

(3) The additions to the collection, other than in substitution 
for objects eliminated, should mainly consist of diagrams or small 
models -of /or/j of ships or machinery, suited fur practical in- 
struction in the art of ship-building. Such objects would be of 
use for circulation, and would not occupy any considerable 
araoti^ of space. 

10. /V/A Culture r/itw.— No mention of this collection is 
made in the departmental scheme of classification dated Januaiy 
rSSS ; and indeed it seems to bear little relation to the instruc*^ 
tion given in the Normal School, to the leaching in science classes 
connected with the Department, or to the other s^tions of the 
Science Museum. Nor is South Kensington a situation naturally 
well adapted for fish-breeding operatiems. We beg to refer to 
the weighty opinion of Prof. Iluxley os to the want of connection 
between this collection and its present surroundings, and the 
small educational or scientific value which it possesses in its 
present condition. 

The greater part of this collection was beqneaihed to the 
Department in 1^60 by the late Mr, Frank Huckland, and a 
aefies of British fi^hes has, since that date, been presented to it 
by Dr. Day. This state of things would, however, in our 
oplnipn, hardty prevent the Department from transferring the 
coBktion to soini other public InstUution. The Auckland Fro- 
fessorship, if the funds for its support are stilt available, might 
well be attached to the Maarlne Biologieal |.^boratory at 
%mdoth, under regulations to by the Science and Art 
With eons^nt of the donom (itHhen obtainable), 
toipe itdw forttdng part this oolledion might find a 
pwe in (he IlirfUfiAd Bigtuty Huseam ; and the wenainaer might 
fa Martne Bi«>k^cal Aasoclatiop, smd the ] 

provided that eho^e bodies arh able and | 


willing to receive them. In any circumsiaucez we are of opinion 
that there is no necessity for the collection being retained at 
South Kensington, and certainly no provision shouldbe made for 
it in any building scheme there. 

The large State barge and Venetian gondola now housed in 
the same galleries as the fish collection should also be removed. 

IX. CircuJaiivn . — With regard to that portion of the reference 
to us which relates to the system of circulation of objects in the 
provinces, we should explain that two different syrterns are 
comprised under that name. Under one of these, objects 
forming an integral part of the collections are lent by the 
Department, for a limited ^^eriod, to local museums. This in 
the case of the science collections is only done on a small scale ; 
the space so vacated is insignificant and cannot be utilized fur 
other purposes, and it has therefore no practical bearing on the 
housing of the collections. The other kind of circulation Is 
confined to science schools in connection with the Department. 
It consists in the loan of a typical set of objects and apparatus 
suitable for the teaching of one branch or another of rcicnce, 
such as chemistry, geology, &c., with a view to improve ihe 
]mictical portion of local teaching. 'I'hcsc circulating sets arc 
never regularly exhibited at Souih Kensington, and therefore 
can only require a small a t ounl of warehouse space for storage 
and arrangement. H the system pf circulation grows, Rome 
additional warehouse space may be required, but no increase in 
the exhibition apace would be involved. 

( 3 . The frequent mention in this Report of areas of exhibition 
space suffices to indicate how inevitably the question of housing 
the collections has been forced on uur attention, notwithstanding 
that it does not cxpliciily form part of the terms of reference to 
us. In suggesting certain areas as, in our opinion, sufficient to 
meet the requirements of the case, we have assumed that the 
exhibition buildings should he well arranged, well lighted, and 
of a durable character. These requisites, however, are tiot 
fulfilled in the case of the Southern Galleries, the upper* floor of 
which is, we are informed and l>clicve, incapable of .supporting 
considerable weights, so that collections* of machinery cannot lie 
placed in that portion of the building. It may al.so be observed 
that these galleries apjiear not to be well secured against fire. 
1'hc rent of ^^1500 per annum is paid for the central block of 
this building, for the capitalized value of which sum a larger and 
moie convenient building could apparently be erected. 'I'he 
present state of dispersion of the Museum involves extra expense 
in c<mnection with the entrances, attendants, and police, and 
also increases the difficulty of an efficient superintendt nee by the 
Mqicrior officers in charge of the collections. We feel bound to 
coil attention to these facts, which have been forcibly impressed 
on n» by our observations on the spot as well as by the evidence 
wc have received, 

13, We have already adyerted to another matter which, 
though outside the literal terms of reference to us, is in our judg- 
ment of the very greatest importance in regard to the substance 
of the questions under consideration. We alUide to the organiza- 
tion for the custody and management of the collections At 
present this duly reals, under the Secretary, with the staff of the 
Director of the Museum, whose functions cover both the Art and 
the Science divUions, which differ \videly from one another. 
Attached, however, to each section of the Museum is a separate 
consultative committee ; which, for the collections of scientific 
instruments and appliances, consists of the professors of the 
Normal School ; wKUe in the case of the other sections, the 
committees consist of gemleihen external to the Department. 
These committees ciUn only recommend, not decide ; and even 
when their recommendations are adopted, it does not follow that 
(hey can see that they are carried out. To committees of (his 
kind the task of refusing unsuitable loans is also peculiarly 
dtfficuU and irksome ; and there is also some danger of different 
committees causing overlapping between different portions of the 
collections, although we have no reason to think that this has as 
yet happened. On th^ other hand, there seems to be no syate n 
of regular meetings of the committees at prescribed imervals- 
(oftaner than once a year),^ and regard being nad to the composi- 
tion of the commhtees, U is not to be exjiecied that many mem- 
Ws nf them should be able to devote much time to this work, 
ccrtnbly not to the detailed and continuous supervision which 
collections require. It must not be supposed that nothing ha^ 
been gained faom the existence of these committees ; on the con- 
trary, Mr, Cowper’s work on the machine collections is an. 
instance of the excellent Service which individual meml>ers have 
rendered. But we consider the system defective in principle, 
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apaK from tlfe personal qualities of those worVinf; under it t and 
having formed a very decided opinion to this enect, we feel It 
our duty to call attention to the aubiect^ in the Interests of 
economy as well^os of efficiency. The xespcmsibiliiy for the for- 
mation and supervision of these collections should certainly be of 
a more definite kind. 

14. Suggestions have been made that these collections might 
encroach on the field occupied by other scientific museums. 
With rcMitl to this point we woula call attention to the evidence 
of Prof. Judd as showing that a practical distinction can readily 
he drawn evw at a point where two Museums cloUly approach 
one another in character. 

15. In conclusioni ^ve may summarize the results of our in- 
quiries by expressing the opinion that little, If any, space can be 
-gained hy weeding the existing collections, and that, subject to 
tile reservations we have made as to effective oT]^anization 
and administration, and as to the character of the buildings to 
he assigned to the collections, an exhibition space of about 
90,000 square feet should be provided without delay, and would 
suffice for the requirements of a creditable Science Museum^ with 
adequate space for all the departments for which it appears at 
prcsjcnt necessary to provide. This space includes pro virion for 
a scientific structural collection on the lines indicated in para* 
graph 5 of this Report, but does not include any provision for 
offices, W'arehouses, workshops, or other accessories to such a 
Museum. 

JC)HN Kvans. 

Francis Hervkv. 

Ravleigh. 

B. Samuelson. 

DOUGt.AS G ALTON. 

Henry E. Roscoe. 

Stephen E. Spring Rice, Secretary. 
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AN ITAJJANK^ VIEW OF ENGLISH 
AGRICUL 7 URAL EDUCA TION} 

T N this brochure^ M Italo Giglioli, Professor of Agricultural 
Chemistry at Portici, has collected together a large amount 
of information upon agricultural education and agricultural re- 
warch as carried out in the United Kingdom, A similar work 
upon the teaching of agriculture throughout Europe, by the 
same author, appeared last year. It is, however, noticeable 
that the volume on English agricultural educiUion is three times 
the bulk of the earlier effort. M. Giglioli, as a foreigner, 1 ms 
considered onr methods ‘worthy of a much more detailed Re- 
port than those of the Continent, This can only be regarded 
as a tribufd to the excellence of English agriculture. We have 
heard- a great deal of late upon the small amount of interest 
taken in agricultural education in England compared with Con- 
tinental countries. An Italian Professor finds material for a 
portly volume on our systems of agricultural education and re- 
search, while he is able to compress hU information upon the 
German, French, and Hungarian systems into a pamphlet of 
comparative thinness. 

As a matter of fact, the Continental nations have been, 
at least in the past, ahead of us in these matters. The 
value of what is done in England rests rather upon the 
quality of our agriculture than upon our efforts to systetnatically 
teach it. Continental Professors of Agriculture find it as 
essential to visit England and to study English agriculture, as 
would an American Professor of History to visit Europe, or a 
Biblical student to virit Egypt and Palestine. The most noted 
breeds of cattle, sheep, and pigs, the best types of implemehtH 
and machinery, the beat artificial manures, the best systems Of 
farming, have originated in England and %otland, and hence 
the attention which is paid to agricultural e^preh as ptoMonted 
in Britain, So far. however, as the study of Agriculture is 
conemed, or painstaking and w^e-'spread mvestlgation goes, the 
Continental nations are before us, It is not by any means' cer^ 
tain that with these advantages they wilt excel tw in the actual 

S r^iceof ogricttlture. As anatfoo we are more adapted for 
oing than for study, and our progreasdl generally the resuU of 
Wksnre under eomtmtiticm, and the apontaneous adoption of 
the best practices, as they are publifhed in the press. Our 

Brltaakui,** rtUikiM dt Italo OigTSflU* (dadaf ^ 


improvements are less likely to emanate from technical schools 
than from the promulgation of new ideas, newj)roce8ses, new 
materia], new appliances, adopted by leading agrioultui^a, 
exhibited and reported up<m. 

M. Giglioli, like all Continental visitors to England, wonders 
with great admiration at the spontaneous character of our efforts. 
Here, we succeed without Government help* There, both teach- 
ing and research off en languish, although supported by hugegranta, 
and are always discontentedly a<-king for more. ** 11 carattere 
pill salierite che le distingue da tutte le altre scuole agrarie dt 
Eurnpa, ^ quello della loro com pi eta autonomia, anche finanziaria. 
Esse non ncevono sussidio alcuno ah dal Govemo, nh da pro- 
vincic, ne da associazioni agrarie : vivono complctamente sopro 
quello che quadagnano. II contrasto tra le scuole ingtesi e le 
I continental! appare nel seguente quadra.*’ The author then re- 
counts, in tabular form, the coat to the student, and the incom- 
parably greater cost to the State, of agricultural education in 
Germany, France, and Italy ; and, after showing that each stu- 
dent costs bis State from 70Q to 2500 lire, in addition to his own 
I costs, he triumphantly writes in the column showing 

i the cost to the .State opposite the chief English agriculturcd 
schoob. 

Th’^ author’s introductory remarks having been concluded, 
the pruicipal Societies engaged in agricultural education in these 
countries are next passed in review, and their methods, examina- 
tions, prizes, diplomas, are described. Such matter will no 
• doubt be more interesting to Italian agriculturists than to 
j ourselves. The number of these means of instruction is probably 
greater than many Englishmen are aware of, and, as a point of 
j considerable interest at tlie present time, we take the following 
I list from M. GiglioU’s book : — 


The Royal Agricultural Society of England (an examining body). 
The Rothamated Experimental Station (for research only). 

The Royiffi^riCttUural College, Cirencester (instructional and 
exafiil^ng body). 

i The College of Agriculture, Downton (instructional and 
examintng body), 

'I'hc Colonisd College, llollesley Bay (instructional and 
examining). 

The Department of Scieniee and Art, South Kensington 
(inst^ctional and examining)* , 

The Darlington Chamber of AdPi^ure (Lecturer employed). 
The Normm School of Science^ Edath Kenaingtou (Agricultural 
Professorship), 

The University of Oxford (Sibthorpian ProfesBotship). 

King's College, London (AgticuUural Lectureship). 

City of liOncion College (Agricultural Lectureship). 

The Worleston Dairy School, Cheshire. 

'fhe Sudbury Dairy School. 

The Wea;ld of Kent College of Agriculture. 

The School of Agriculture, Aspatria, Cumberland. 

The Agricultural School at Alvecote, Tamwortb, 

The agricultural inajiittctlon given at various County Schools. 
The facilities for , IgrliCttltttral instruction in rural Eletentary 
Schools. 

The Forestry Depa^eftt at Cooper’s Hill 
The Surveyors’ Institution, 12 Great George SUcet, West- 
minster (examining body). 

The Royal Veterfnaiy QoUege, Camden Towa 
The Brown Institute. 

The Highland and Agricultural Society (examlnlngbody). 

The Agricultural Department of the University of E^nbuxgb. 
The Agricultural Department of the College of Science M>d 
Technolo^, Edinburgh. 

Course of Agriculture at Qaa^w Technical College. 

The Agricultural Pepartwem m Aberdeen University, 

The Royal Veterinary College, Edinbu^b. 

Tbe New Veterinary CaUege, Edinburgh. 

The Veterinary College. Glasgow. * 

The AgriGullural Sefiooi at Tempfomoyle, Ireland. 

The Royal Aforirt Itiititutfon, Glasnovln, Dublin^ 

Tbe Dairy School foi^ Females, Glaaneyin* 

The Manner Dairy Scbboli near Cork* 

Canon Bagot^aCreatn^f , Irtfond- 
The CoverhmmtM agricnlmnd krtruction k 

Ireland; „ / , , , / ■, ■: , , v 

The above $odetles, Cc^egee, aa^ tbe 

- work of agricultural -'’The 

lin have tHum 
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to be 9 .vfW of vadouit dairy and other agricultural schools 
which have beeo recenlly founded, or are now being promoted. 
Among theie may be especially mentioned the Travelling Dairy 
School of the Bath and West of England Society. 

John Wkic.utson. 


*UIVFEJ^N/TOJ^ 

COME strange natural phenomena are described in a recent 
report from the United States Consul at Maracaibo in Vene- 
mela. That part of the department of Colon situated between the 
Rivers Santa Ana and Zulia and the Sierra of the Colombian 
frontier is very rich in asphalt and f>etrolcum. The informa- 
tion we have regarding this extensive and interesting region, 
which is an uninhabited forest, is derived chiefly from the reports 
of the searchers after balsam copaiba, which abounds ; but the 
following data were taken from the personal observations of an 
American gentleman who made a special exploration. Near 
the Rio de Oro, at the foot of the Sierra, there is a very curious 
phenomenon consisting of a horizontal cave which conslanily 
ejects thick bitumen in the form of large globules. These 
globules explode at the mouth of the cave with a noise loud 
enough to be heard at a considerable distance ; and the bi^ifiitien, 
forming a slow current, falls Hnally into a lar^e deposit of the 
same substance, near the river bonk. The territory bounded by 
the Rivers Zulia and Catatumbo and the Cordillera is rich in 
deposits and Hows of asphalt and petroleum, especially towards 
the south, where the latter is very abundant. At a distance of a 
little more than 7 kilometres from the confluence of the Tara 
and the Sardinete, there is a sand mound of from 2$ to 30 feet 
in height, with an area of about ^cxx> square ^eet. On its 
surface arc a multitude of cylindrical holes of diflerent sizes, 
which eject with violence streams of petroleum and hot water, 
causing a noise equal to that producca by two dr (hre^. Steamers 
blowing off simuUaneously. Ror a long distance the site 
of this phenomenon the ground is covei^ or imprej^ted with 
petroleum. The few explorers for copaiba who have visited 
this place call it the **Infernito” (little hell). Among other 
things, it is stated that from one only of these streams of petro- 
leum was fllled in one mioutft a receptacle of the capacity of 
four gallons. This repfCi^nts 240 gallons in an hour, or 5760 
gallons in 24 hours ; and even K this calculation he some- 
what exa^erated, the fAct Itoi^ns that such a considerable 
number of petroleum jeU ip conkant active operation must 
produce daily an enormous quantiw. This petroleum is of 
excellent quality, with a density of 83^ which is a sufficient 
grade for foreign markets. Considering the immense amount 
of inflammable gases which must be given out by the flows and 
deposits of petroleum as described above, it may be easily 
believed that this has a direct bearing upon llie phenomenon 
known since the conquest as the Faro of Maracaibo. This, 
consisting of constant lightning without explosion, may be 
observed towards the south from the bar at the entrance to 
the lake, and Coddazzi in his geography explains it as being 
caused^y the vapours arising from the hoc wlscer swamp situated 
about one league to the east of the mouth of the Escalante, 
at the southern extremity of the lake. Neat Ihe mountains, and 
not for fVom the River Torondoy, there are various flows of • 
substance which seems to be distinct from either asphalt or 
petroleum. Jt is a liquid of a black colour, with little density, 
and strongly impregnated with carbonic ackl, and is almost 
identical a substance met with In the United States among 
the great anthracite flelds. 


SOCIET/ES AND ACADEMIES. 

Lowdon. 

Royal Society,^ May i.— On the Spectrum, Visible and 
Rhmographk, of the Great Nebula in Orion." By William 
HugipV D.C.L., LL.D,, If-K-S., and Mm. 

it inlgnt be sng^ted that the want of comoidence observed 
between the nebalar I* ‘ ‘ 


to X oeior9 aeari 
the hebnjla tosvi 



line and the magnhehtm band^ amounting 
' jbfcbe dqe to it molhm nij translation of 
I eaith> TN motion produce 

jk nhout rnty^Fseven a second. 

’Oif compalrliion 

re- 


cession from ihe nebula. This motion would bring the nebular 
line nearer the red, and dimmish the apparent interval between 
tl^t line and the termination of the band. If the nebula has a 
motion of approach, the earth ^s motion would bring the line 
back again* to an extent corresponding to about seventemi miles 
in a second, towards its true piaa^—Afay iS.] 

Z showed in my paper on this subject in 1874 (Roy. Soc. 
Proc., vol. xxli. p, 353), that, in the case of the Orion nebula 
and six other gaseous nebuldc— namely, 4234, 4373. 4390» 4447* 
4510, 4964, of Sir J. Hcrschel’s “General Catalogue of Ne- 
bul£e" — “in no instance was any change of relative position of 
the nebular line and the lead line detected,'* We should have 
to resort, therefore, to the overwhelmingly improl)able suppo- 
sition that all seven nebulae were approaching the earth with 
velocities such that, having respect to the earih’s motion at the 
di Cerent times of observation, they all gave a sensible shift 
corresponding (O 67 d: 15 miles in a second.^ There U little 
doubt in my mind, therefore, from these comparisons, which, 
considering the strong evidence we possessed before of the rela- 
tive positions of the nebular line and of the magnesium line, 
are, strictly speaking, supplementary and conhrmatory evidence 
only, that this line of the gaseous nebula; is not produced by 
“the remnant of the magnesium fluting.'* 

In the, diagram on p. 134 (Roy, Soc. Proc., voK xliii.), 
Mr. LocUyer represent-* this nebular line followed by fine lines, 
which give It the appearance of a fluting similar to that of the 
magnesium band placed above. 1 am unable to find in the 
paper any authority for this re presen i at ion of the line. In an- 
other place (Programme Royal Society Snrdd, May 9, 1888, 
p. 12) Mr. Lockyer says : “On one occasion, at Greenwich* it 
was recorded as a fluting in the spectrum of the nebula in 
Orion." Mr. Maunder’s words are (“ Greenwich Spectroscopic 
Results, " 1884, p. 5) ; “None of the lines (with two*prjsm train) 
are very sharp, \ 5005 showed a faint fringe mainly on the 
side nearer the blue." 

Mr. Maunder has recently sent ^ note to the Royal Astrono- 
mical Society, in which he explains that the observation was 
made with a second half* prism added to the half-prism spectro- 
scope. He says “ The three principal lines of the nebular 
spectrum were seen as very narrow bright lines, but none of 
them were perfectly sharp, each showed a slight raggedness at 
both edges ; but in the case of the line near X 5005 u was clear 
that this fringe, or ragged ness, was more developed towards the 
blue than towards the red. In the case of the other two lines, 
they were not bright enough for it to be possible to ascertain 
whether the fringes were symmetrical or not. Hut A 5005 was 
clearly a single line. There was no trace of any bright line, or 
series of bright iines, close to it on either side ; no trace of a 
fluting, properly so called. The entire line, fringes and nil, was 
only a traction of a tenth-metre in total breadth" {Monthly 
Nvtica A\A.S., vol. xlix., 1889, p. 308). [It should be 
noticed that, with the instrumental conditions under which Mr. 
Maunder observed, the second and third lines were not sharp, 
but also showed fringes.— d/a/ . 

My own observations of this line, since my discovery of it in 
1864, with different spectroscopes up to a dispersion equal to eight 
prisms of 6o^ show the line to become narrow as the slit is 
made narrow, and to be sharply and perfectly defined at both 
edges. 


* {The following ohservatioas of Orion fur motion in the line of ulisltt have 
fa«eii made at<^re«nwich : — 

1884. February t$ — About thirty-one miles approach. Nate, mtaxuns 
icKtativf. 

February About ftfty-one miles approach. Note, iht 
HOt trHtt%i}orthy^ 

March xo.-^Dirtci cemporiton. With neither one nor two prisms, 
after very careful direct comtumson. could any displare.ncnt be 
deteccad ; the coiaciden.e of the two spectra was evidently very 
close. ... 

M.a'*ch la.— jyfw/ . . . U.rect comparison with one 
prisro-traiiafihuwad coincidence as complete as could be dctecteil. 
coneiderinlpbb WOtncSN of the two spectra. ... No i^rt of the 
nebdla ahb^'ed any marked di«piacement, but at a point a hti la 
precedka theTrapejtium the pointer did not seem perfectly central 
on the 'title; but a little Iperbaps one-tenth, certaiiily not more) 
towards the red. .... . . 

October measures, three of which show approa^aod/he 

Wheir fliree recession. Now, lines In nebula fiiuit, and bisecUoo* 
very.rough. 

In, a letter dated May ty* Mr. Mauader permits me to state that the mea- 
sures and earimat-otta mad* In tBS4 'aod 1S87 are of no weight, but that he 
coBsidem the rweawrijeer k M#reh *084 to be m mdsfaciortr ^ {msibie 
witb sq IWrtt aft nfteet, and to idiow that the nebula has, very htde, if any, 
•ers'tle k i^he line 4 i sight.— 
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xmpoftktize attaches to Ihe precise character of thie 
‘^ine, 1 virr<>t« to Prof, H, C. Vogel for permission to <inoth fhe' 
ress^t of his experience, which has been nearly as long aj- W 
own, of the character of this line. He says in his reply, 

March ao, 188^; ** Beetle ich tnlch Ihnen mitxutheilen, dnss 
meine langjiihrtgen Beobachtungen liber die Spectra der Qas* 
Hebei voUkoftimtn mit den Ihrigen darin ubereinstimmen, dass 
die NcbellinleA 5004 schmal, scharf untl nicht verwochsen ist. 
Anch D' Arrest hat in seiner Untersachung liber die Nebel- 
Spectra (Kopenhagen, 1872) nicht erwahnt dass die heilste 
NebelUnie unscharf swi," 

Dr, Copeland permits me to quote the following sentences of 
a letter dated March 19, 1889 Respecting the appearance 
of the line K 5004 in the spectrum of the Orion nebula, I may 
say that I have always drawn and seen it quite sharp and well 
defined on both edges. About nine years ago 1 made a special 
effort to divide it, iT possible, with a large spectroscope in which 
the viewing telescope wait 3 inches in aperture. The lines were 
ahen seen as sketched,’* (The diagram shows the nebular lines 
with sharply ruled lines for edges.) “They were drawn by 
holding tne note-book 10 inches from the lefl eye, in such a 
position that the image seen in the instrument with the right 
eye was apparently projected on the paper. If I had noticed 
any peculiarity al^ut A 5004, it would certainly have been 
noted.” ‘ 

In an early observation of the dumb-bell nebula Prof. Vogel, 
indeed (“ Beobachtungen zu Bothkamp,” p. 59. 1872), describes 
this line as less defined towards the violet aide. In a letter 
(April 3, 1889) Prof. Vogel says this appearance of the line was 
probably due to a slit not sufficiently narrow. He says that he 
re-examined this line in his observations with the great Vienna 
refractor, and that it did not then appear otherwise than defined 
and narrow, 

, The other line in the spectrum of the oebulm upon which 
Mr. Lookyer mainly relies for the presence of magnesium is the 
line shown in my phOtc^iteMc spectrum of 1^2 (Roy. Soc. 
Proc., vol xxxiii, p, 4^), fpo (6 which 1 assigned the wave-length 
of about 3730. Mr. Lockyer says of this line (Roy. Soc, 
Proc., v6l. xUii. 1887, p. 122): “Inthebunsen as ordinarily 
•employed the fluting at 500 far eclipses the other parts of the 
spectrum in brltliancy, and at this temperature, as already ob- 
served by Messrs. Livcing and Dewar, the ultra-violet line 
visible is that at 373.” Passing by a minor point, which Livc- 
ine and Dewar have already pointed out (Roy. Soc. Pruc., 
voT. xliv., 1888, p. 244), namely, that their observation was made 
at the higher temperature of burning magnesium, this statement 
is insufficiently complete, for what occurs at this part of the 
spectrum, and is characteristic of the magnmum-flame spectrum, 
is a triplet, of which the line given hy*j( 4 teing and Dewar at 
about 3730 is the least refrangible meihbdr only. 

1 liave -given a representation of this trljdet at the wave- 
lengths given by Livaing and Dewar, namely A 3730, 3724, 
and 3720. -In the photograph of 1888, in which the strong 
line can be seen distinct from the lines near it, the line isfe^d 
to be very near the middle line of the triplet. I have therefore 
.assigned to this line the position of about A 372^ This line 
appears pretty strong, and therefore if it were really one of the 
lines of the triplet, the other two members of the triplet should 
have appeared on the plate. On one side of the star-spectra 
this line U a little broader than on the other aide, but as a 
Vimilar appearance is presented by G, and the stro^^r of the 
lines of the group, it may arise from some optical. photo- 
graphic cause. The line at 3724 impresses me as a 

single line, and there is certainly no trace of the Rhe of the 
triplet at 3730. Ibe line appear* to me stronger where it 
upon Uic star-spectra. 

As therefore there is little doubt that the remnant 
fluting at 500, which far eclipses the other parts of the specifath 
in brilliancy, ” is not coincident with the brighte»t nebub^ line, 
and the next most characteristic group ortihU apecirum, the 
triplet at 3722, 3724, and 3730, according to Liveing and Dewar, 
-does not appear to be present in the photographs, we may con- 


* Mr. Taylur, late of the South Keasmgt^ taboratorieR, obwrvmi at Sir 
Homy Tnomiwooi obserwatiwry iti November x88fl, tmyt The soox lino 
U by ter the briahtent m the »i^ruin. It ts never seen slia«|). but W.rth the 
narrowest slit always has n aulfy appearance, this being much more 
on the blue than on the red edge. This line was must oamflilly eaatnined 
for evidence of structure, but wtw always found to be sJagie, and ao 4e. 
dded evidence of Itutina structure could be made out. ft may be 
greater dispersion may show structtire, but with the dleperefon uik^ qo 
eiructure could beieen.''— ilfiwMjf/ vol xlbc. p, lOf. 


elude that the remarkable spectrum of the gaseous nebuhp has 
not been produced by bummg magnesiaro.^ 

I should mention that Mr, Dockyer attributes one other line 
occasionally seen in the gaseous nebulse to (he flame spectrum 
of mi^esinm^namely, a very faint line at about A 470D. 
Now, according to my experience, it is only in the apark atid 
arc that a line of magnesium appears at thU place, a condition of 
the si)eclrum when the lines at d are very conspicuous, and the 
hand at A 5006*5 is usually absent. When, however, the spark 
is taken in magnesium chloride, the band is present under some 
conditions, but the triplet at ^ is always bright. I therefore 
consulted Prof. Llveing, who says: — “ 1 have never seen the Kne 
at A 4703 in the spectrum of the magnesium flame. As it U a 
conapicuous line in the arc and spark, we looked for it in the 
flame, but did not And it.” 

With reference to the second nebular line at A 4957, Mr, 
Lockycr says (Roy. Soc. Proc., vol. xliii, p, 133) : *' The lines 
at 500 and 495 have been seen in ihe glow of the Dhurmsala 
meteorite when heated, but the origin of 495 has not yet been 
determined.” And further (at p. 135) ; “I should add that the 
line at 495 makes its appearance much thore rarely than the one 
at 500 in meteorite glows.” In the diagram on the same page 
this line is represented as coincident with the nebular line. 

The. circumstance of a line appearing at 495 can scarcely be 
regarded, considering the very great number of sj^ectral lines, 
as amounting to a presumption UiAt the material to which it is 
due in the meteorite is the same as that present in the nebulas 
which gives the line at 4957- If it should be shown that the 
unknown substance in the meteorite gives rise to a line at the 
position of the nebular line— namely, A 4957— in that case the 
observation would have sufficient importance to make it desir- 
able to compare the spectrum of the meteorite directly with that 
of the nebula. 


Liws Oisenv^ atifi Photographed in ihe Spectrum of the PPebula* 

Line meai^d by Dr. Copeland, probably) 

D« ... ( ^ 5^74 o 
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ChntUal Sigiiificana of ihe Lima, 

tTiitil t can obtain more photographs taken on different parts 
of ncbuU, I Amh to be understood to speak on this point 
with mnoh hesitationt and provisionally only. We know cer- 
Uitily that two of the lines are produced by hydrogen. The 
ffimtoess of these tines ^ints to a high ttinpcralurc and condition 
of great tenuity of the hydrogen from which the light was 
amUtedt This condition of the hydrogen may give us a clue 
as to the pobable interpretation of the other lines. These may 
come from substances of very low vapour-densit/t and under 
molecular conditions which are consistent with a high temper- 
ature. It is in acc(^rdance with this view that the recent niea- 
Sures of Dr, Copeland, since confirmed by Mr. Taylor cit.\ 
show with great probability that the line known as I '9, which 
has been supposed to indicate some substance of low vapour- 
density, which shows itself only at the hottest region of the sun, 
is present in the nebular spectrum. T\ifi great simplicity of the 
three pairs of lines seen in the photograph of 1889 suggests a 
sabntance of a similar chemical nature. 

If hydrogen can exist at half its usual vnpour-density, with a 
molecule of one atom only, we might possibly expect to find it 
in some of these bodies, but at present we do not know what its 
spectrum would he in such a condition. It may be possibly that 
it is in molecular states of our elements other than those we are 
acquainted with that we may have to look for an interpretation 
of some of the lines of these bodies. 

[With reiij'Mrct to the groups of lines which cross the star 
spectra, any statements must also be provisional only. 

These lines are di«.tinct and fairly strong in the star spectra, 
and do extend, some farther than others, into the adjoining 
nebular matter. Wlicther they are peculiar to these particular 
stars and the matter close about them, or whether they will l>e 
found everywhere in the nebula, or in certain parts of greater 
condensation only, can be known only from future photographs. 

The first group shows some general agreementa with a strong 
iron group, but tliere are also formidable discrepancies. 

The position of the third group suggested the wfcll-known 
cyanogen group, especially us this group, beginning at A. 3883, 
is the first to appear under the chemical coomtions which might 
have been conceived to exist under circumstances of condensa- 
tion (see Liveing and Devour, Roy. Soc. Proc., vol, xxxiv., 
1883, p. 128). Under these conditions this ^roup appears alone 
in a photograph, without the less refrangible group, as was 
probably the casein the photograph I took of Comet II., 18S1. 

I therefore took a photograph of an oxy-coal-gas flame, the coal- 
gas having passed through ammonia, and a magnesium -flume 
spectrum on the same plate for comparison. 

On comparing this pliotograph with that of the nebula it was 
seen by eye, ana afterwards confirmed by measurement, that the 
nebula group begins soooner by one strong line than the cyanogen 
group, and presents Iwsides in the relative strength and grouping 
of the lines a distinctly diflerent character. The evidence ap- 
pears to me to be against attributing these lines to cyanogen, 

1 took great pains to ascertain if the group of lines which ac- 
companies the triplet of the magnesium -flame spectrum could be 
made to agree with the nandi longer group of lines in the nebula 
at this part of the spectrum. Again, os in the case of the 
cyanogen group, the whole aspect of the grouping of lines is quite., 
different. The groups begin and end differently, and the rela- 
tive strength of different parts of the group is not the same. The 
great increase of strength which is seen in the middle of the 
magnesium group is not present at the correspurKling part of the 
nebula group. I do not think therefore there should be much 
weight given to the near positions of several individual lines o( 
the two groups, which in the case of so close a grouping might 
well be acoidental, especially as the wavedengihs can be but 
approximate only, (The strongoat lines of the magnesium -flame 
gtx>up are those forming the triplet which appears also In the 
spark and the arc. A nebular line is near the middle line of the 
triplet, but there are no lines corresponding to the other lines of 
the triplet. The other lines of the flame grois^ are too faint to 
be expMted to. appear, unless the triplet at, 5700^3730 were 
stwung the 

Thethmpahw oflinesinthe^tcffogmph^o^ tl^V^hich are 

that thaifHirk of nMauesI^ ta hydn^n 

thtt Oxy^TOgea WW I^lyJvoduvcV them lirost jUmPm ihs 
hyir^ b is la 'J^rasu, vOL'.,kllv^ Taylar 


doubtless rhythmically connected, appear to me to possess great 
intewift, especially if it should come to be found from future 
pboicigJCaphs that these groups are characteristic of the most 
tenuewa part bf the nebula. At prest-n^, I am not able to make 
any tugj^tion as to their chemical origin, Imt the suggestion 
presentflitself that we may have to do with some molecule of 
very low vapour density. 

The pair of lines on the more refrangible side of the line at 
\ 3724, may possibly be connected with the state of the nebula 
as it exists in the neighbourhood of the stars,— 26.] 

General Conclusions. 

It seems to me premature until we can learn more of the 
significance of the new groups of lines, and especially of their 
connection with the nebular matter generally, or with certain 
condensed parts only, to express more than provisional sugges- 
tions as to the nature of these nebulee. It may be that they re- 
present an early stage in the evolutionary changes of the heavenly 
bodies. 

As some physical importance, in the relation of these nebulae 
to each other, has been given to my inability, in consequence of 
insufficient optical means in my original observations in 1864, to 
sec all three of the bright lines in some faint nebula:, 1 may men- 
tion that in the case of one object, the King Ncbul.-i in Lyra, in 
which at that time the light appeared monochromatic, as only 
the brightest line could be certainly seen, as soon as larger means 
were placed at my disposal by the loan of the Royal Society 
telescope in 1870, I had no difficulty in seeing all three lines on 
any night of sufficient clearness. There is little doubt that the 
came cause prevented me from seeing more than the brightest 
line in Nebula 4572 of Herschcl’s General Catalogue." Vogel 
saw two lines (“ iJeobachtungen zu Uothkamp," 1872, p. 59), 

These bodies may stand at or near the beginning of the evolu- 
tionary cycle, so far as we can know it. They consist probably 
of gas at a high tcin|jeratttrc and Vm tenuous, where chemical 
di*>bociatu>n exists, and the constittiiis^ of the mass, doubtless, 
are arranged in the order of vapour density. As to the condi- 
tions which may have been anterior to this state of things, the 
spectroscope is silent. We are free, po far as the 5j)ectro8Cope 
can inform us, to adopt the hypothesis which other considerations 
may make most probable,' On Dr. Croll’s form of the impact 
theory of stellar evolution, which begins by assuming the exist- 
ence of stellar masses in ntotion, and comsiders all subsequent 
evolutional stages to be due to the energy of this motion con- 
verted into heat by the collision of two such bodies, these 
nebulae would represent the second stage in which these exist- 
ing solid bodies had been converted into a gas of a very high 
temperature. Tb^ would take the same place, if we assume 
with Sir William Tbonttoh (Roy. Instit. Proc . vol. xii. p. 15) 
the coming together of two or more cool solid masses by the 
velocity due to their mutual gravltotion alone, 

I pointed out in 18^ (Phil. Trans., 1864) that the gaseous 
nature of these bodies would afford an explanation of the 
appearance of flat disks without condensation which many of 
ihem^ present. The light emitted by the portions of the gas 
further from us would m in part or wholly absorbed by the gas 
through which it would have to pass, in this way giving to us^ 
the appearance of a luminous surface only. 

In some of these bodies there is al-o a very faint continuous 
spectrum, which if we had more light might be found to consist, 
in great pa^ at lea&t, of closely aqjacent bright lines. Huch is 
probably thflliature, in part, of the apparently continuous spec- 
trum of ^ltwbula with which this paper deals chiefly, the 
Great Nebitla in Orion. 

In other gaseous nebulae strong condensations are seen, and a 
stronger ** continuous " spectrum. When we come to nebulae 
of VShich the nebubi in Andromeda may be taken as representa- 
tive»'the Strong bright-line spectrum is absent, and we have 
what for convenieiiec I called, in my original observations of 
these bodies, a ** continuous " swetrum, though 1 was careful to 
point gut tbnt it was probably crossed by bright or dark lines." 

<^t pf liX out sixtV nobttltt and close clusters observed by me 
UP to 1866, I found a proportion of about one-third— namely^ 
nineteen-- to proscfit the s^clrum of bright lines (Phil. Trans., 
1866, p. 383)^ 

The stage df evoIttUon which the nebula in Andromeda repre- 
sents is no longer a matter of hypoth<.s‘s. The splendid photo- 
recemtly taken by Mr. Roberts of this nebula shows a 
planetary s)atem at a somewhat advanced stage of evolution ^ 
already aevtrid planets have been thrown off, and the central 




432 


NA TURE ag. rS $9 


gMOUfi Tnaftft has condenvecl to a moderate sitt a$ compared 
with the dimensions It must hnire possessed befote any pian^ 
had been formed. 

SVttNKY. 

Koyal SoAety of New South Wales, July 3.— Prof. 
Liversidge, F.R.S., President in the chair. — The Chairman 
announced that Mr, C. S. Wilkinson, the Government Geologist, 
hod kindly consented to deliver (gratuitously) a course of (three) 
lectures in connection with the Clarke Memorial, commencing 
in October or November next. — The following papers were 
read: — Notes on the hi(^h tide of June 15^17, 1889, by 
John Tebbuit ; and on the marine and fresh- water Inver- 
tebrates of Port Jackson and the neighbourhood, by Thomas 
Whitelegge. At the conclusion of the miter paper the President 
presented the Society’s bron?/e medal, which, together with a 
money prize of had been awarded to Mr. Whitelegge for 
his paper.' — Prof. Anderson Stuart showed a modification of the 
“kymoscope” which he exhibited at the Society's last monthly 
meeting. This form demonstrated the phenomena of inter- 
ference in wave motion— one series of tubes had one wave, a 
parallel series had the other, and both opened into a common 
scries in which the interference was m^e visible. The two 
waves came from pumps which could be so arranged as to vary 
the amplitude of the waves and to change the position of the 
straight lines produced when the waves met or interfered.” 

Paris. 

Academy of Sciences, August 19. — M. des Cloizeaux, 
President, in the chair. — Remarks on the conditions under which 
the fixation of nitrogen is effected in argillaceous soils, by M. 
Berthelot. Here is described a fresh series of experiments on 
the fixation of nitn.'jen in the ground with the co-operation of 
living organisms, microbes, and more highly organized plants. 
Kepj^ng to a recent communication of M. Schla^ing on the 
ne^tite results of hU studies, M. Berthelot accepts these con- 
clusions, and even clainta ^^pri^ty for them, adding, however, 
that they were given by him as defining the negative conditions 
of the . phenomcnon-^that is, the conditions under which the 
fixation of nitrogen does not take place. In a second paper M. 
Berthelot describes some further researches on the fixation of 
nitrogen by vegetable humus under the influence of electricity. — 
Note on the glacial epoch, by M. H. Faye. It is argued that 
glaciation does not depend on anv direct cause, such ns a passing 
obscuration of the sun at the beginning of the Quaternary epoch, 
but is due to a fer more remote cause— that is t«isay, the appear- 
ance of the seasons and of the poles of low temperature at a 
time when the sun had acauired its definite form and dimensions. 
A repetition of the great changes that touk place daring Tertiary 
times has been prevented by the oontinuaHy increasing thickness 
of the terrestrial crust and by the slower rate of progress of the 
cooling jfrocess.— Olwervations on the sardine frequenting the 
Mediterranean waters, by M. A. F. Marion. The results are 
here comifiunicated of the researches made by the author daring 
the fishing season 1888-1889, for the purpose of verifying and 
completic^ his previous observations on the migrations ana life- 
r history of the sardine periodically visiting the shores of the 
Mediterranean. — On the total eclipse of August 19, 1887, by j 
M. N. Egoroff. This is a sum nary of the Russian report on 
the observations of the eclipse of 1887 mSde at the seven Stations 
of the Ruitsian Physico-Chemical Society in accordance with the 
programme prepared by the Special Commissimk-rElectric 
figures produced by lightning, by M: Ch. V. The 

curious effects are described of on electric discbaigitf Wwch struck 
a silvered mirror during a terrific thunderstorm near Prague, on 
June 9, 1889. The mirror shows over ten points at wwch the 
electric fluid penetrated through its gilded frame, vdlatUuSi^ 
and transferring the gold to the anterior face of the glam, while on 
the opposite side the voJatUizatlon of the silver coatiOg piodnced 
the most beautiful electric figures. These figures show 
occurred repeated and successive disclunges, aa also Indieg^ by 
recent photographs of flashes taken with the osdUatCng cam(^ 
t^ura.^Oh«erafionoftheo^lutionorjtu>tteraiidJtsaitmtes < 
^ the moon, takeb at the Ob^vatory of Nice, by M> Perroriih 
The hoam of the various phases of the oocultadon that took 
on August 7, 1889, are tabulated at mean time |d Nice, The 
satelktos are sboSm to have disappeared, not htsbMtteimpttil/y 
but gradually during several tenths of a seconA-^-^m^atidfcii 
of the new j^anec dtseovered at the Obsereatoiy of bh 
Angust a, inflp, hf M.. Chariots. The observations art JCr 
period August 3-6, when the i^anet had the brjgtdueas .of:aaCar 
of magnitude 13-5 to 14.— On a new mode of teaching miftiCr 


based on the periodicity of the octave, by M. Ricaid. The 
author aims at a radical reform in the teacblDg of music, and 
expounds his system in a series of fundamental propositions, sudi 
as : musical enact quite different from acoustic effect ; tb^re 
can be no physical gamut, a major and a minor, but one only, 
that of the white notes of the piano, called the major, and so on. 
— On contraction in tolotions, by M. Charpy. The object of 
these researches Is to determine how the contraction produced in 
the process of aoluUon varies with its oonedutration.— On the 
phosphotungstic acids, by M. E. Pechard. The methods hitherto 
employed for the prej^ration of these acids have all been in- 
direct. But the study of metatungstic acid has suggested to M, 
Pochard the p^ibiUty of realizing the direct union of this add 
with phosphoric acid. The genetm method of preparation con- 
sists in evaporating, under suitable conditions, a mixture of both 
adds in determined proportions. — On the passivity of cobalt, by 
M. Ernest Saint- P)daie, It is shown that certain trentiscs on 
'chemistry are wrong in stating that cobalt in the presence of 
concentrated nitric acid becomes p€tssiv£ like iron and nickel — 
On the heat of combustion of some organic compounds 
(continued), by M. S. Oasipoff. The authors series of deter- 
minaiions is here concluded with teraconic acid, malic anhydride, 
methyl fum uate, and maleate of methyl. 
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THURSDAY, SEPTEMBER 5 » 


SIJ^ WILLIAM THOMSON'S POPULAR 
LECTURES. 

Popular Lecturts and Addresses. By Sir William 
Thomson, LL.D., F.R.S., F.R.S.E., &c. In Three 
Volumes, Vol. I. Constitution of Matter. With Illus- 
trations. (“ Nature Series.”) Pp. xi. + 460. (London ; 
Macmillan and Co., 18S9) 

'"pO review a book by the leader of British physical 
^ science in the ordinary sense of reviewing would 
be absurd. To attempt an estimate of merit and demerit 


a course of lectures or read some popular treatise on light 
a very good general notion of what is meant by the elastic- 
solid theory of the ether, and of the way in which the 
difficulties introduced by supposing light to consist of 
I ordinary mechanical transverse vibrations of an elastic 
medium have to be met. 

Then follows a perfectly beautiful series of di^ourSes 
or articles on the age of the sun's heat, which, looked at 
from the point of view of the general reader, perhaps 
form the gem of the whole. 

The cool collected way in which a possible and more 
or less probable way of forming our sun is gone into, 
with every detail clear-cut and closely reasoned out, forms 
a study than which nothing more instructive, more sugges- 
tive, and more wildly interesting is likely to be accessible 


or to offer a superficial criticism might easily become an \ with equal ease to the imaginative reader. ^ 

impertinence. A sustained power of attention, a period free from 

The object of a review in such a case as this is mainly interruption, and a power of forming vivid conceptions, 
to give persons who have not concentrated their attention are all that is needed for a comparatively uninstructed 
on physics some idea of the nature of the book, so as to reader to receive some of the most splendid cosmical 
enable them to form a judgment how far it is suitable speculations of our time. He may not know exactly why 
and accessible to them. when the two earlh-like bodies start to rush together it is 

For, inasmuch as the greater part of what is published stated that they will meet in six months, or that the col- 
by the author of this book is stiff reading for trained iision will last half an hour, and perhaps he may find some 
physicists and mathematicians, and inasmuch also as the difficulty in picturing the equatorial zone or disk and the 
subjects of which he treats even in popular lectures arc axial rod between which forms the mass will subsequently 
usually extremely abstruse, and such as require, if they oscillate till it settles down into a globular and white-hot 
are to be accurately stated at all, a very carefhlly-selected sun j but he may rest assured that none of these state- 
form of words and a rather involved construction of ments nor any such numerical statements met with in 
sentences, the idea may easily grow that anything by this book are random ones ; they are all the result of 
Sir William Thomson is mainly unintelligible. And exact mechanical knowledge and arithmetic, and whether 
unintelligible it probably is to the general public in they be precisely true or not, they are, at all events, 
their after-dinner arm-chairs. Unintelligible it quite rightcr than anything else he is likely to come across, 
possibly was to a large percentage of the audience in Irrespective of that on which stress is laid in the title, 
their after-dinner seats at the Royal Institution, though viz. the age of the sun's heat, we have in these essays a 
the personality of the man and the magnetism of his popular and very clear exposition of the solution of that 
enthusiasm could hardly fail to enchain the attention of long-standing puzzle— the means by which solar heat is 
the most cynical or casual hearer. maintained. 

In the printed book this personal charm is fainter ; it With lumps of matter of ordinary size {i.e. not incom- 
is not absent— to those who have ever heard him the parably greater or less than the human body) gravitation 
manner in which the illustrations arc brought forward, is a force altogether insignificant in comparison with 
the very tone of voice with which the ^tences were chemical affinity, and accordingly while the combustion 
delivered, are continually suggesting themaelves— but it of a lump of coal transforms great quantities of energy, 
is fainter; and it becomes a question how far these the force of grjivitative attraction between two such lumps 
lectures, which are undoubtedly scientific, are feaHy or between one lump and the oxygen it can Combine 
popular, are really adapted to intelligent persons with is so minute as to require a Cavendish and a Boys 
interested generally in the subject but who make no to demonstrate its , existence to an audience. But with 
claim to be specialists in it. To answer this question I lumps of matter of Sizes such as are found in the depths 
wiU run through the contents in such order as may be of space the case is quite otherwise. Between them 
convenient gravitative attraction is furiously greater than any known 

About the middle of the book there in a quite popular kind of chemical a/Snity ; and the work such masses can 
and easy essay on the sense-otgiapS of man, including do in falling together, nay even the work one lump can 
that most important and sense— the sense do in slowly contracting upon itself, is sufficient to main- 

of muscular exertion— without s^ch It is doubtful if we thia radiation at the sun*s prodigious rate, 
should be conscious of an eideiw at all, Insisting / Take a large enough mass of gas (t.c. of detached 
on a distinct sense of heat^ aht} together taste ajeomslv let fts parts gravitate together continually, and 

and snMsU;. an essay in much-needed you have a sun— a sun, moreover, obeying simple 

clatttying statemeots are some con- mechanit^ laws, and with a life-period, in its molten 

Atsiohs inti^dticed by imnre 11^ and thern^ tincrusted and radiative state, of roughly 

as, fbr instance, the relation* oalcidiaUe Idogth. 

tAkto bdtwe<m light It may , be worth while parenthetically to remark that, 

. Next coh^ n diamical (or electrical) attraction between 

In -ntNiaa W ^ atoms at any distance exceeds their gtavitativo 
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attraction at the same distance more than a thousand 
imllion biUion billion times, the atoms being regarded as 
spheres oppositely electrified each to about the potential 
of a volt, the gravitative attraction between two worlds 
the sire and density of our earth exceeds their electrical 
attraction when likewise oppositely charged each to a volt 
in just about the same ratio. The ratio of the forces de- 
pends, in fact, on the fourth power of the linear dimensjonf 
of the bodies concerned — other things being fixed- 
couple of small bullets the two forces would be apprbxIr'J: 
mately equal. 

Again, if every atom be regarded as separate y charged, 
and able to combine with each other, we get the maximum 
possible energy of combustion, which may be put down as 
at the most 30,000 therms per gramme. The heat of for- 
mation of our moon by combustion is on this estimate very 
comparable to that developed by the falling together of 
its materials from infinity under gravitation. But whereas 
the energy of combustion is simply proportional to the 
masses concerned, the energy of gravitation is propor- . 
tional to the product, to the second power of the 
masses ; and so we find that when a body is as big as the 
sun the gravitative energy of its mere earthquake sub- 
sidence as it shrinks is enormously greater than that 
which could be afforded by the combustion of an equal 
mass. 5o^ also it is shown to be greater than could be 
caused by any reasonably pennisslble hall of meteorites 
from in Bn it y : meaning bjf reasonably permissible,” such 
a hail as would not introduce planetar^ perturbations of a | 
conspicuously non-existent amount. | 

Returning now to the beginning of the volume, we find ! 
an altogether admirable, but rather stiff discourse on ! 
capillarity. How it can help being stiff when it enters 
into problems usually treated by the higher mathematics, 
and hitherto reserved for specialists, I do not know. It t 
is a serious mathematical essay done into ordinary 
language. The diagrams of the precise shape of liquid 
surfaces are beautiful, ^nd such as are nowhere else to be 
found. Tac a reader who will concentrate his thought 
upon this discourse, it will gradually become luminously 
clear, but perhaps the conscientious person who always 
reads books from cover to cover, may run the risk of being 
choked off by the accident of its coming first. 

Appended to it are three notes, one on the “ tears of 


up a body like a cobweb. Nothing but cobweb can cohere 
by gravitation, so it seems to me (perhaps wrongly, of 
course) ; and although one has gradually learnt that no 
hypothesis concerning reality is a priori absurd or un- 
likely, yet' this does not feel* nor indeed is it intended, as 
anything lllba) or satis^ctory. 

TlMilh comes a long lecture on electrical units of 
measurement, wherein the foundations of the conventional 
"absolute” systems of electrical measurement are ex- 
pired and illustrated by showing how by means of 
C^trical observations the fundamental standards of 
length, mass, and time might, if lost, be conceivably 
recovered. The subject is rather technical, and scarcely 
of sufficient general interest to repay the unelectrical 
reader, though there are here, as everywhere, numerous 
suggestive remarks. One might, perhaps, suggest that 
the distinction between the conventional and the 
essential is not always sufficiently borne in mind and 
enforced^ 

The lecture on the sire of atoms is intensely interest- 
ing to everybody. Physicists know by how many 
different lines of argument a limit of smallness for the 
spice occupied by an atom can be fixed, or an actual 
e^imate of the number of molecules in a given lump of 
matter can be made. A number of these methods 
suggested by the author are here stated, and, with many 
illustrations, explained. But, besides this, there are 
instructive mechanical models or images illustrating 
Prof. Stokes’s theory of phosphorescence, Cauchy’s 
theory of dispersion, and the polarization of light by 
small particles. 

The remaining subjects dealt with in this volume- 
elasticity regarded as a mode of motion, and a kinetic 
theory of matter— are closely related to each other, are 
wholly the author’s own^Und are among the most brilliant 
speculations of the <iedhiry. But a small inkling of the 
great field thus opened up is given here— enough, however 
to afford to the read^,.^me glimpse of the possibilities 
of developnaent lylhg iff this direction. 

Such artf the contents of the volume before us, and a 
more compiAj^sive collection of scientific addresses 
has seldom published. They do not, of course, 
really Sir William Thomson at his best : 

neither they any other intelltgible production of his is 


strong wine,” as explained by Prof. James Thomson ; one { 
on the author’s remarkable and 'beautifbl discovery of j 
the reasons why mist globules cannot form witheat a | 
nucleus, why big rain-drops form at the expsS^ cOf httie [ 
ones, and why put-away clothw get a j 

note on the sufficiency of j 

plain cohesion. This latter is a highl^ifilpnlbue Of 
special pleading. It is so easy to gravitation 

will not explain cohesion, on any of the comni^ly current 
mental ideas of what atoms are like ; but 
ing a sufficiently violent concentration knbi^nee 
certain regions, and suHBclent absence of 'm 
from other regions of an Atom, it is shown thht 
mny be explained by gravitation. At least, k 0^| jib 
that different atoms carl ding to each other, bUt -{l%itot 
clear how the various parts of the atoms 
together. No-how, it stioms to me, unles# ihi^ 
exa^ratedly fibrous structures, tmd unless the ends 
the fibres of one atom cBtig oO to the next, and thusbiuitd ‘ 


able to copVey to the general reader an adequate notion 
of the magnitude of bis sd^ work, or of the grounds for 
the veneration with whtw^ contemporaries regard him. 

Such as they are, howsVer, every physicist will be glad 
to read these papers in this handy form, and every 
intelligent and man who feels an interest in the 

strong thought science during this eventful 
century will a serious effort to grasp at 

least the maitt profound studies shadowed 


forth in this 

; ‘ '(Lausanne : 

appearance'^'^:^ 
us a bpj 


Oliver J. Lodge. " 
'rniUL THEORY OR 

f^coNok.y. . . 

Par L^. W«ita» 
■■gditSoB' 



Sep ^. 5, 1889] 


NATURE 


435 


to whom belongs the honour of having made a discovery 
in political economy. The title of Ricardo to the theory 
of rent is not better than the title of Prof. Walras to a 
theory more comprehensive than that of rent, it is a 
•claim founded on originality rather than priority. 

Walras is the last of a small band of origin^ thl^ilibers 
who, in the latter half of this century, have independently 
excogitated the cardinal article in the doctrine pf ^lu^. 
They have contemplated in different aspects the sjM 9 ie 
fundamental conception ; that value iu exchange 
neither simply identical with, nor wholly different from, 
value in use, but corresponds to the utility of the last, 
the least useful, portion of the commodities exchanged. 
“Nuulichkeit des icizten Mengentheilchens,” ‘^Degree 
cf Final Utility,” “ Grenznutzen,” and Raret<5"“-in 
different tongues and various terminology they proclaim 
the one essential truth which will be for ever associated 
with the immes of Gossen, Jevons, Menger, and Walras. 

This chronological, and, as it happens, alpll^ifcbettcdl, 
arrangement is not identical with the order of merit. In 
that order we should place nearest together the names 
which are first and last in the series above written. 
Oossen appears to have been a mere specialist with/ew 
valuable ideas beyond the one which has made him 
immortal. Prof. Walras’s light is more diffused. Yet it 
is true that we find in him rather muUtim than multtij 
that his principal achievement is the copious exposition 
of the one fundamental theorem to which we have 
referred. His next most important contribution to the 
stock of economic ideas relates to the function of the 
entrepreneur. Prof, Walras is bf the first who cor- 
rectly conceived the* entrepreneur as buying agencies of 
production (use of land, labour, and capital), and selling 
finished products in four markets, which thus become 
interdependent. His criticisms ot the English school on 
this head arc often valuable. Of the entrepreneur's 
funds, not pre-deiermined in which some have 

imagined to any ^^articular foWW of outlay, he well 
says : — . » 

**11 serait aussi impossible de distlng^^^,^ fgnds de 
roulement du travail du fonds de roulem^t .<le. la rente 
foucitre, ou du fonds de roulement du pro^i5l» de dis- 
tinguer dans un bassin h trois robinets PeaU' destinde k 
s’dcouler par u'n robinet de celle destinde a Is^debuler par 
les deux autres.” 

But surely he goes too far ini iffee way of abstraction 
when he insists that the ideal P^r^prenenr should be 
regarded as ** nuking neither gai^or lO^ 

“ Pour ce qui est de la part du p|p|^;dpflBlituaftt le 
bdndfice de ^entrepreneur V^coiia 
qu’elle est alcatoire, qu^elle j&bnstances ex- 

ceptioneUes, ct non pas Aormai(^^( Am 
elle doit Stre n^lig^e.” f 

Perhaps hU views on thh) would have 

been raore exact if .he p^rt which.the 

"^diautUity" of lali^ucr•to^^w|Hil|^f^tTaa^ as 

b.ilaetor (tf, econoiftte,e(tni'ltiMMi||' p i i^ of .conhning his 
Mtewhin to “ Anal' to which we 
to call Mtmdon :ia,|^ij|^|V'ii#the'leStdn on csipi’^, 
taxation, Which'is itddeil|tiiiia^'h|!ljff:|d^ . Jt the price,, 
if' detertniaiK^^'|M;|ipj^^ 

ofa|^ p Bp^'de«'and'‘‘''te 


mum utility of all the parties concerned is realized in the 
same sense as in other markets. What is mote than this 
in the newly- added theory has baffled us. 

In the case just noticed and others, the argument is 
probably rendered obscure, or at least unattractive, by 
the use of symbols in excess of the modest requirements 
pf elementary mathematical reasoning. The exuberance 
.of algebraic foliage, rather than the fruit of economic 
jtfUth, is the outcome of science thus cultivated. It is 
remarkable that the neatness which characterizes Prof. 
Walras’s literary style, should not be reflected in his 
mathematical compositions. As an algebraist he has 
not attended to the maxim, // ne faut pas ^puiser 
ies chases. We shall justify our criticism by referring to 
I the chapters or “lessons,” in which it is attempted to 
I analyze what is called the *' tdtonnewent ” of the market. 

{ The writer gives us three courses of this analysis. He 
diffuses over some thirty- five pages an idea which might 
have been adequately presented in a few paragraphs. 
For it is, after all, not a very good idea. What the 
author professes to demonstrate is the course which the 
higgling of the market takes -- the path, as it were, by 
which the economic system works down to equilibrium. 
Now, as Jevons points out, the equations of exchange 
are of a statical, not a dynamical, character. They define 
a position of equilibrium, but they afford no information 
as to the path by which that point is reached. Prof. 
Walras’s laboured lessons indicate a way, not t/ie way, of 
descent to equilibrium. This is not the only topic with 
respect to which the laboriousness of the investigation is 
out of proportion to its importance. 

Agreeing, therefore, in the main wiih Prof. Walras in 
his plea for the use of mathematical reasoning in eco- 
nomics, we fear that he may have piejudiced the cause 
by his advocacy. The excessive elaboration of his 
reasoning, compared with the simplicity of his conclu- 
sions, is calculated to excite suspicion. Moreover, he 
traduces the mathematical method when he applies it in 
such a manner as to justify the popular prejudice against 
abstract reasoning. He is surely u/tra crepidam^ he 
goes Jieyond the little hard matter with which the craft 
of the mathematician is concerned, when he offers opinions 
on the living organism of the industrial body, and the 
complexion of practical problems. His scheme of dosing 
the circulation by calculated injection of supple- 

mentary currency |emmds us of the tailors in Swift’s 
Laptfta^ went; through laborious mathematical com- 
putatioU^^ to determine the measurements of a 

suit of all fitted very ill When 

Pro^Wdmi i>^r8 4s “ of the Anglo-Indian 
nionetiry Fluellen in the heat of 

the battle d^tiborsing aTaoui the “ discipline of the wars.” 
isadl^i^iae adapted to the schools, and which it 
have studied, but which has no direct 
0^1 action. 

^ A of complaint is formed by the extreme 

a^erity %f our author's criticism, especially those which 
; illate Englifih school. We cannot think that 

o^btidfhts deserve the “ ” which 

ai&iniattred. To dismiss in a few lines “ comme aul 
avehu” so much'jof that philosopher's reasoning 
■ Jjqppflars to us rather slashing. Hut w e are sensible that in 
condemning the tmccrcmonlous treatment of great men, we 
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are laying down a law whiqh applies to our own criticiaih 
of Prof, Walrus. We shall therefore forbear to reduce 
our initial encomium by invidious reservations. When all 
that could be made are summed and subtracted, there 
would still remain to Prof. Walras the undoubted glory 
of an original discovery, fic may say of that, as 
Napoleon of his victories, II y a la <iu sotide qne la 
dent de Venvie ne pent ranker I* F. Y. E. 


MUSICAL INSTRUMENTS AND THEIR 
HOMES, 

Musical Instruments and their Homes, By Mary E. 
Brown and W, Adams Brown. (New York : Dodd, 
Mead, and Co., 1888.) 

T his work should prove very useful to all who are 
interested in music and musical instruments. 
Primarily it professes to be a catalogue of the collection 
of musical instruments made by Mrs. J. Crosby Brown, 
of New York ; but its value has been greatly augmented 
by a series of essays on the music and musical instru* 
ments of Oriental and savage races. The “ catalogue^’ 
portion is well illustrated with clever pen-and-ink 
sketches, which give, for the most part, an excellent 
idea of the instruments, though they do not exhibit % 
great amount of detail. A brief description with dlmeny 
sions, and, where possible, the native name, accompanies 
each sketch. The catalogue is divided into geographical 
sections, and at the end of each is added an essay treat- 
ing of the music of the country from an hUcorical and 
theoretical point of view, with a general account of the 
native instruments. Though these essays contain little 
that is new or original, they nevertheless form extremely 
useful compilations from a large amount of scattered 
literature ; the references are full, and the list of authori- 
ties is a very representative one. ' 

The stt^ions devoted to China and India are of special 
interest, ak dealing with regions which were the birth- 
places of so many of the instruments in use amongst our- 
selves, changed though these be from their original forms. 
There seems little doubt, for example, that we owe the ] 
harmonium to China, and that instruments played upon 
with a bow bad their original home in India, whither, too, 
we must refer the original use of sympathetic strings.” 

Musical instruments, like all otW pnxtucts of man’s 
handiwork, are subject to the laws of evolution^ ahd each 
arrived at its present state by gradual sta^ of improve- 
menL If the genealogies co^d be all follovNijpd bttek to 
the earliest stages, alt instrumeuts could be refemed to 
such simple original forms as, for exampll, hollow or solid 
logs, reeds, or hunters’ bows. With the rapid disappear- 
ance of the more primitive native in^tfuiiltktitS) the^di^ 
ficuUy of tracing the history of music backwari^ by < 
means of primitive “ survivals ” increases yW ly yjmt 
Every effort should be made to collect and place' on re- 
cord these simple forms, as from these we gzeacly dei^ye 
our ideas of the **dawn” of music. The idagnific^ 
work by Hipkins and Gibb furnishes us with 
illustrations of heauH/ul instruments, but dooe nbl do4 
aith the humbler kinds. The illustrations in riie prei^ ' 
work* therefore, are especially valuable, as the primitivft 
ifiBtrutnefits receive equal attentiun with the movb ela- 


borate. A very common error has crept into the pages 
of this otherwise excellent work — in the terminology. 
Nothing is more distinct than instruments of the oboe ” 
type and those of the ** clarionet ” type are from each 
ot^. These, though somewhat similar in general aspect, 
belong to diderent classes— the ^Mouble-reed ” and the 
'^single-reed ” classes respectively ; and any relationship 
must date back to the time when they each probably 
took their origin from a section of corn-stalk, Uie one 
form being sounded through the pinched end of the stalk, 
and the other through a slit cut in the end, and forming 
a vibrating or beating tongue. We find, however, in 
several passages a confusion of these terms. Thus, the 
Corean, Greek, and Spanish “ clarionets,” so called, are 
evidently '' oboes,” with double reeds for mouth -pieces. 
Similarly, the “pandciro” of Madeira, not having a 
tense membrane, cannot be a "tambourine,” however 
much it looks like one. The “ mogugyo ” or " wooden 
fish,” of Corea and China, is called a "drum” in one 
I passage (p'. 80). But a " drum,” too, must have a tense 
membrane, and an instrument ceases to be one if lacking 
this addition. The " mogugyo ” is really far more closely 
allied to the " bell ” series, though there is no general 
term which expresses this class of wooden instrument. 
Such mistakes are, doubtless, mere slips, but they are apt 
to be misleading. 

In the description of savage music it is stated (p. 240) 
that the M incopies have no musical instruments. This 
if not quite true, as they have one, though a simple one, 
and consisting merely of a hard-wood board, of special 
shape, which is used for sounding a rhythmical time for 
dancing. It is used only as a musical instrument, and so 
illustrates a step in advance of the Austndian, who taps 
with a stick upon his "casting-board” for the same 
purpose, without empli^ing a separate instrument. 

It is to be hoped that other collectors will follow the 
excellent example of the authors of this work, and pub- 
lish illustrated catalogues of their collections. We can 
hardly expect many such beautifully produced "cata- 
logues,” but the scientific spirit and easy style of this 
book might well be a model for others. 


OUR BOOK SHELF. 

Heat. By H, G. Madan, M.A., F.C.S. (London: 

Rivingtons, iSfip.) 

This is an elementary treatise of exceptional merit, com- 
bining thorodghfy prececal work with sound theoretical 
conclusions. course of instruction which it com^ 
prises has beee ;^hd suitable the author, in his capa- 
city as instructor kt Eton CoU^, for boys who already 
have some acoqail^anjpe with physiography and element- 
ary dynamics. expressions are accordingly 

used as little as and, when used at all, they are 

folly explained fo WrwMy language. 

A very large matmt of i^nments— many of them 
new--are tfoscrifo|4| «h4 we have the authoris Assurance 
that they are aU auccessfol performance uM 

moderate skill andnoil^ It ia rightly observed foot ex- 
periments whidt db not/hlway^ succeed, even with 
greatest care, 

as tbeyfovaitebty lose cohfidei^tit 

thp science. ‘ / 

Pankttlar kttetk^on ^ to the 

?v ' ' ' , 1 ."'i ' 
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factures, and in the phenomena of every-day life. The 
sul^t of ventilation, for example, is very fully discussed 
and illustrated by experiments. There is also a l^autiful 
experiment illustrating the intermittent action of geyma 
195). Perhaps the most important application of the 
laws of heat, however, is the steam-engine ; and most 
of the various forms, including locomotive and marint 
enmnes, are described. Even the gas-engine is briefly 
refetred ta 

There are no less than 138 excellent diagrams dls- 
tributed throughout the text, most of which have been 
specially prepared for the book. 


Bri^tsk RainfaU, 1888. By G. J. Symons, F.R.S. 

(London : E. Stanford, 1889.) 

This work is a general summary and epitome of a year’s 
work, and contains a Report upon the progress of rainfall 
investigations. 

The volume is divided into three parts : the first deals 
with the measurement of snow, experimental gaugei^ the 
Camden Square evaporation experiments, and concludes 
with a list of the staff of observers, showing that the staff 
is still on the increase, although very slowly, the chief 
increase being in England. 

The second part treats of the rainfall and meteorology 
for the year, as reported from the various observing sta- 
tions. One of the heaviest short-period rains recorded 
is that which fell on March 24 at Chepstow, Shirenewton 
Hall ; it lasted two minutes, and in that time the ground 
was covered 2 inches deep with snow, the flakes being 
3| inches in diameter, and only J inch thick, 6 inches 
of this snow yielding i inch of water, so that, if the 
snow bad lasted one hour, it would have reacb^ an 
average depth of 5 feet 

Maps and tables indicate the monthly rainfall for the 
year, the greatest fall being at The Stye,” in Cumber- 
land (i 75 ’ 4 o inches), the least at Skegness, in Lincoln- 
shire (17*50 inches). 

Lastly, Part III. consists of general tables of the total 
rainfall at the 2500 places of observation. 

Putting together all the above facts, we find that during 
the year there was much dry weather, although few 
droughts ; there were hours and days of excessive rain, 
months with amounts of rain almost without precedent. 
Yet, on the whole, we get a result not at all remarkable 
but decidedly below the average. . * 

Rainfall observers will find in this book a collection 
of most interesting tables, maps, and articles upon the 
various branches of the work ; and as the new decade 
begins with January i next year, we hope that the staff 
of observers will number many of our readers amonir 
them. . * 


Anaint Art of the Province 0/ ChMquL By W. H, 
Holmes. (Washington : Government Printing Office 
1888.) 

This is an extract from the sixth Annual Report of tht 
U.S; Bureau of Ethnology, and will be read with interest 
by ml students of American antiquities. Chiriqui occupies 
a ^an of * sthjnus eff Panama, and et the present time 
IS inhabits^ chiefly by Indians aiid natives of mixed Wood, 
Many uncient cemettmes have beemdisnovered along the 
racinc slope of the district^ and ex^ilorere have found in 
them a great quantity of more pr valuable objects ol 
aart These objects Mr* Holmes baa classified, and in the 
pr^nt monoi^aph he catdf(dlf describS tfie character^ 
«ncs of typical specimens* He first deals whh the gmves 
^ their human remains then passes on to consider, in 
^ects m >h metal, and o^ects in 

^HladeMnptloos att codWw Hicld, and their 

exceHent 

Mr. Htfidtieii ti camtfiil to point out that 
is no valid fining a^ry high antiquity 


. art A 


the graves were made may, he thinks, have been in 
possession of the country, or parts of it, at the time of the 
conquest Their pottery appears to indicate that they 
were more closely related with the ancient Costa Rican 
peoples than with those of continental South America ; but 
m their burial customs, in the lack of enduring houses and 
temples, and in their use of gold, they were, as Mr. 
Holmes shows, like the ancient peoples of middle and 
southern New Granada. 

Art Elementary Treatise on Dynamics, By Benjamin 
Williamson, F.R.S., and Francis A. Tarleton, LL.D. 
Second Edition. (London ; Longmans, Green, and 
Co, 1889.) 

This work has been thoroughly revised, and a con- 
siderable alteration has been made in the order of its 
arrangement. The first half of the book treats of the 
dynamics of a particle, while the latter part deals with 
kinematics and kinetics of rigid bodies. 

Many portions of the subject have been developed, and 
in some cases rewritten, especially that on generalized 
co-ordinates in connection with Legrange’s and Hamil- 
ton's methods ; the general theory of oscillations is 
exhibited in a new form. 

The work has been arranged from the most elementary 
conceptions, so (hat anyone acquainted with the con- 
ditions of equilibrium, and with the notation of the cal- 
culus, may commence the treatise without studying any 
other book on the subject. 


LETTERS TO THE EDITOR. 

[ Tht Editor dm not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of NaTURI* 
No notice is taken of anonymous communications.] 

On some Effects of Lightning. 

During the thunderstorms of the 6th and 7th of June last, 
some twenty trees and buildings were struck within a 5-miIe radius 
from Cranleigh. I have examined most of the treea struck, and 
have found a remarkable similarity in the effects, which are of 
two kinds : the first, by far the most common efito, is simply 
a score out of the bark up the trunk of the tree, out along one 
limb, and then by perhaps two or three smaller branches to the 
outer twigs j the other effect is the shattering of the tree, which 
occurs, as Mr. Griffith remarks in Natuhb of August 15 (p. 366), 
when the lightning course leaves the outer surface of the tree and 
enters between the bark and the wood at the junction of some 
main branch with either the stem or with some other branch, 
when the shattering would probably occur from some obstruction 
at the junction, or from there being water in a cavity or in a 
colUxrion of dead leaves in the fork, 

1 imagine that in pneral the course of the electricity is 
outside o? the berk, foilowtfig one or more lines of moisture or 
running water down the tree ; when this conductor becomes 
insufficient a discharge takes place, and the stream of water is 
converted into steam ^ violently as to destroy the bark instantly 
along the line of strain. If the sap within be also converted into 
steam hy oommunication through a knot-hole or by a flaw, the 
biurk is blown off altogether. 

If the tensioii be very great imVecd, and especially if the air 
iwund the tree be dry, the sap may be violently exploded, and 
the trunk splintered and shattered as if by dynamite. 

Most of the^trees in this ne^bourhood were struck while it 
was rsldttg ; but one tree, a £;otch fir, occupying a prominent 
position Oft the side of a hilt, was struck before any rain fell. 
This tree diWded out into two arms nearly in line with the stem ; 
ohe’ftm tbrowh to the ground, the other remained up for a 
few hours, and was thrn blown down by the wind, falling In the 
opposite ditectlbn to the first arm. At the junction there was a 
great deal of turpentine which was thoroughly blackened. The 
trunk below the arms was shivered, and the bark thrown out to a 
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dhtfiDce v«ry similarly to th« case related by Mr. Griffith. One 
curious feature in the present iit^tance was that the roots of the 
tree could be traced to a considerable dintaoce by the earth abore 
them bein^ throwif up as over a mole barrow. 

Most of tlie trees struck here have been oak ; but there were 
also two poplars, four elms, a chestnut, and the fir above 
mentioned. It is said that beech trees are never struck ; 
probably the smooth close-fitting bark makes a better conductor 
than the rough bark of the oak. J. P. Maclear. 

Cranleigb, August 26. 

Nose-)^4€kening as a Preventive of Snow*>Blindne68. 

In vob xKtviti. of Nature there were several interesting 
letters on this sui>ject. Will you allow me to suggest a possible 
explanation? 

For some years past I have interested myself in the choroidal 
circulation, and my observations have led me to believe that 
wlien light is absorbed by the cboroidnl pigment the blood- 
supply at that spot is inci*eased. If the light is intense, this 
increase soon ha^ the effect of blurring the image, and if at the 
same lime the tight is intense and the exposure to it prolonged, 
the sensitiveness of the retina may suficr for some time after from 
the same cause, i.e. an abnormally large blood-supply in the 
clioroid. 

In the course of the blood-vessels there is just such a con- 
nection between the retina and the skin as the nose- blackening 
preventive requires. My suggestion is that the blackening of 
the skin increases its demand for blood in some way, perhap’t 
by its increase of temperature, and that thus a larger supply is 
drawn along the main branches of the Ophthalmic artery, the 
naso- frontal is, the snpra-orbitalis, and the lacrymalis, diminish- 
itig the <|uantity which finds its way into the small and almost 
independent system of the choroid. In this way nose-blacken* 
ing would save the retina from being oppressed and injured in 
the way mentioned. 

I may mention that if anyone after walking for an hour or so 
in the snow covers his eyes so as to exclude all external light, 
he will find his eyes filled with a very bright retinal light, arjd 
also if he is at all accustomed to see tnc blood corpuacle-^ moving 
in his field of visiofi he will see them at f-uch a time very 
di'^tinctfy and in great numbers by looking at the sky. 

The theory which my observations have led me to form, that 
there h a very intimate connection between the retina! light and 
the circulation in the choroid is almost necessarily crippled by 
the fact that it rests largely upon subjective phenomena which 
are misleading, are nqi demonstrable, and depending on the 
constitution of the subject are not readily confirmed. Until, 
therefore, I f^n hear of another worker in the same field whose 
observations agree in the main with my own, 1 do not feel 
prepared tb pujdish them. Henry Brknaku, 

Jena, August. 

A Method of Mounting Dried PUnti. 

An example of a very useful and expeditious method of 
mounting herbarium specimens adopted here is inclosed as 
worthy of attention. Short strips of lead, used in packing tea. 
are passed through slits in the paper on each side of the part of 
the plant to be laatened, and the ends then bent flat out on the 
back of lire sheet. The many advantages of using this, or some 
other pliable metal, in certain coses, are veryohvaous- Has this 
method been hitherto suggested? John Wilson.^ 

University, St. Andrews. 


COLOUJ^-BLWDJVESS AND DEFECTIVE 

SIGHT AMONG THE SEAMEN OF THE 
MERCANTILE MARINJE. 

I N the House of CommSns, recently, attention wmi 
called to this subject by Dr. Farquharson, who, In 
stating that he would take an early opportunity of die- 
cussing it next sessionj intimated that the efficiency /iOf 
of Trade regulations on this matter was : 
to grave suspicion- On making inouity, we find 
do^ts are only too well founded, Wben^ in the y«ar 


185s, the carrying of red and green sidt'-lights by sailing- 
vessels was. made compulsoty, the subject of colour* 
blindness had not awakened the attention of practical 
observers. Had the fact that from 3 to 4 per cept. of 
the whole male population are colour-blind then been 
it is possible that some mode other than by show- 
ing red and green lights would have been devised to 
indicate the positions of vessels at sea at night. As there 
is generally but a hazy conception of what is meant by 
the term colour-blind, we will briefly indicate its exact 
significance. 

When, in 1794, the distinguished chemist, Dalton, pub- 
lished a description of his sense of colour, the scientific 
world were surprised to find that there existed individuaJa 
whose perception of colour differed in a remarkable way 
from that of their fellow'-man. To have said that an indi- 
vidual possessed the sense of sight was tantamount to say- 
ing that he possessed the sense of colour, the latter being 
considered an integral part of the former ; but Dalton’s 
report clearly showed that the two senses were separate 
and distinct, and that, while an individual might have a 
perfect appreciation of form, he might also be quite un-, 
able to perceive any distinction between two or three 
or more distinct and different colours. F urther investiga- 
tion showed that there were a few people who could dis- 
cern no colour at all, every object appearing as black or 
whitf, or as shades of black and white (grey). This is 
total colour-blindness, and is very rare. The usual form, 
and that which we allude to when we speak of a colour- 
blind, is that in which the individual can distinguish the 
colours blue and yellow, but can see no difference between 
the colours red, green, and brown ; and from the fact that one 
of these individuals, if given a vivid scarlet skein of wool, 
will select to match with it green skeins and brown skeins, 
it follows that he must see green and scarlet as he sees 
brown. Now, there being between 3 and 4 per cent.^ of 
the whole male population afflicted with this variety, it 
follows that a very large section of the community are by 
nature disqualified for all thoj^e positions in which the 
correct interpretation of coloured lights is essential to 
safety. Clear as this fact must be, it was not until Dr. 
George Wilson, of Edinburgh, in the year 1855, published 
his admirable work, entitled Kesearches on Colour-blind- 
ness,” that public attention was invited to the subject. 
He showed with the greatest clearness how the safety of 
a vessel lay in the hands of men— “ look-outs," officers, 
and pilots — who might be colour-blind, but were un- 
conscious of this defect, or afraid to confess it ; and he^ 
came to the definite conclusion, as the colour-blind’ 
were in a minority in the community, therefore} those 
destined to deal with signals should be selected solely 
from the majority whose vision was not'mal, and he 
earnestly urged upon those in authority the necessity of 
excluding colour-blind men from the sea profesaion. 

One sentence was prophetic, that in which he says 
**tbe appalling yearly list of lost vessels which i^ppears 
in our Wreck Returns awakens the suspicion that more 
than one of these fatal disasters may have resulted from 
the mistaken colour of a ^bthouse beacon or harbour 
lamp, which on a strange coast, and with the accompaoi* 
ments of a snow-storm or a thick fog, has been wrongly 
deciphered by a :Corote*-b%d pilot," * Apd, if true of tfe 
pre- 8 teamshlp days when^v^aels carollfad alopjpf at 
mte of a few miles ap Hoiir, What is to b© said of tlje nner 
^nt time, when OUf *‘gfey bounds" of the ocead 
along at the rate of timty haUes arihoun day and nighiJ! 
The regulation red and green lights of a steaiptr at?e 


»';Catai^tblin4ii^ proved 

titt rw« 
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^ilpposed to be seen at a distance of two miles. Take the 
case of two steamers going in opposite directions at the 
rate of twenty miles an hour. It follows that from the 
very moment of those on ^ard beipg aware of each 
otter's position, but three minutes will elapse before they 
meet. Is not this little enough time to alter a course? 
And this is premising a clear atmosphere. Should the 
night be hazy, the oil poor, the wick badly trimmed, or 
^e gia^s dirty, the distance at which the light can be seen 
is lessened, and the time to alter a course correspondingly 
diminished. Add to this the presence of a colour-blind 
or defective far-sighted ** loqk-out ’’ or oihqer, and there is 
present every attribute for the accomplishment of those 
terrible tales of the sea which year after year greet us 
with an alarming regularity. The Ttmvs (February 5, 
1889). in reporting the terrible collision which occurred in 
the channel, in fine clear u'cather^ in which both vessels 
(s.s. Nereid and $. Killochafi) went to the bottom in less 
than five minutes, carrying to a watery grave twenty*three 
men out of a total of forty -two, remarks ; All inquiries 
respecting the cause of this disaster lead to the same con- 
clusion, that it was due to one of those astounding errors 
of judgment on the part of one or other of the navigators 
which seem to defy all attempts at reasonable excuse.” 
Read in the light we suggest, and the cause is as clear as 
daylight. 

The same may be said of the terrible collision, when, 
again on a perfeclly clear ni^ht^ the s.s. Douro and 
the s,s. Yrurac Bat both went to the bottom with more 
than two score of their living burden. And who can say 
that the loss of the s.s. Vi Ik du Havre ^ with its appalling 
death-roll, was not directly due to the colour-blindness 
of “look-out ” or officer on one of the colliding vessels? 
We know how the inquiry ended. The English Admiralty 
decided that the English vessel was free from all blame, 
and the French Admiralty declared that the French 
vessel could not be in any way incriminated. But no one 
thought of attributing the mistake to the very probable 
one of colour-blindness. Now, what are the precautions 
taken to guard against those dangers which the employ- 
ment of “ colour-blind and defective far-sighted sailors 
refers possible ? We reply advisedly and after careful in- 
quiry, “Practically none.” It is true that twenty-two years 
after Dr. Wilson liad so graphically described these 
dangers, the Board of Trade authorities awoke from their 
long sleep of indifference, and said that they recognized 
“the serious consequences which might arise from an 
oiffieer of any vessel being unable to distirvpuish the colour 
of the lights and flags which were carried by vessels,” 
and th^y instituted “ tests and regulations,” the value of 
which will be indicated by the following facts. The regu- 
lations do not prevent colour-blind “ look-outs,’' colour- 
blind pilots, colour-blind A B.'s, or colour-blind apprentices 
remaining sailors to the end of their days. They do not 
prevent colour blind first mates or colour-blind captains 
and masters retaining their positions also to Uie end of 
their days ; nay, more, they actually give colour-blind 
iwfficers certificates that they arc not colour-blind. 

Should anyone doubt these grave st>^tomQnts, let him read 
the BcMtrd of Trade Re ports lor 1 88$ , 1887, and 1 888. He 
will find tterc that no less than forty-fi ve officers rejected 
ffor ccfiouirrblindness were eventually given unendorsed 
certificates, which is identical to saymg these mep were 
not cplour-blind, and that they were perfectly capable of 
taking charge of the lives of hundreds of helpless pasaen- 
and of property to of thousands. Is not 

; less than a public soaudal? We who know that 

is eongeiritaf and inctirablc, know cither 
torty 4 vc^«mna^e colour-blind when re- 
petedi m daat they are cirtour-bUnd te^ay. Which con- 
vteiticm mm'elikdty mayite^gdttered from the fact 

mePf according to 

the Board bt Trade's own reports, four were unable to 


distinguish red from green, twenty-two more called the 
colour red green, five others called the colour green 
red, and the remainder made mistakes of a marked 
character. 

The Board of Trade so-called “tests for the detection 
of colour-blindness," viz. the requiring candidates to give 
the names of coloured cards, and lights shown them — tests 
which are stated to be “ sufficient to prevent anyone who 
is more or less (!) colour-blind escaping detection by the 
examiner” — may be tests of a man’s education in the names 
of colours, but as tests of the colour sense, they are not trust- 
worthy, and tests which are not trustworthy are worse than 
no tests at all. Practically, the “ tests ” are barely worth 
the paper they are printed on. And the “ regulations ” 
dealing with a colour-blind officer, should he bo detected, 
are of a like character, a snare and delusion. The public 
and the shipowners believed, rightly or wrongly it matters 
not, that the regulations were framed to absolutely keep 
colour-blind officers out of the sea service. They do 
nothing of the sort. With regard to the far-sight of a 
sailor or officer, there are no tests at all ; a man may be 
the subject of any of the various forms of eye-disease, may 
have any degree of blindness, or may be so shortsighted 
as to be unable to see distinctly more than a few inches in 
front of his nose, and yet be at perfect liberty to be a sailor 
to the end of his days, or to become an officer. Are the 
public going to allow this grave condition of affairs to re- 
main as they are? We answer emphatically “ No,” and 
we feel sure that when Ur, Farquharson brings the sub- 
ject forward, the House of Commons will inrist that the 
Board of Trade authorities who have the auty and 
privilege of providing for the safety of the travelling com- 
munity of the first maritime nation of the world, will take, 
even though thus late, such precautions as will insure to 
the sea traveller immunity from those dangers which the 
present employment of colour-blind and defective far- 
sighted sailors renders possible. 


ST, ELMas FIRE ON BEN NEVIS! 

S T, Elmo’s Fire as seen occasionally at the Ben Nevis 
Observatory takes the form of jets of light on the 
tops of all objects that stand any height above the general 
level of the roof of the Observatory, such as the chimneys, 
anemometers, lightning-rod, &c. In a very fine display 
the tops of the objects are quite ablaze with the pheno- 
menon, which then glows and hisses in brilliant tongues 
of white and blue, from four to six, or even more, inches 
in length. Nfbr is the phenomenon confined to these 
objects ^one in the finer displays, but if the observer 
stands on the roof his hair, hat, pencil, &c,, glow with, it 
as -well, and when he raises a stick above liis head the 
stick has also a long flame at the top. further, however, 
than having a slight tingling in his head and hands he 
suffers no inconvenience. The hissing is a very marked 
characteristic of the phenomenon, being always heard 
during ordinary displays, though in the feebler displays, 
when the light can barely be seen, it cannot be distin- 
guished from the hissing of the wind and the snow drift. 
On one occasion the sound was a very highly pitched 
note. In the finer and even in ordinary displays St. 
Elmo’s Fire is an object of great beauty, and the stormy 
character of the weather— namely, squally winds with 
heavy showers of snow and hail, and with clouds of snow- 
drift flying all around—- heightens ratter than diminishes 
the emejf, although at the same time it detracts from the 
convenience of obseiwing with advantage. 

Up till the summer of 1888 fifteen cases of St, Elmo’s 

* AUtrset tf a iwujer’wi “St Klmci's Fire on Run Nevia/* by Anjtui 
Haokin in Journal the Sc^ttinh Moteyrobaical Sodaty, th.ptl ecnea 
Jfo V. 
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Fire were tvoted at the Obscrvato^, and these occurred 
all in the night-time, and all during the winter months, 
beginning with September an^ ending with February* 
The feebleness of the light it gives forth. In comparison 
with ordinary daylight, makes it difficult if not impossible 
to see it during the day, which is probably the reason for 
its being a nocturnal phenomenon, and partly for its being 
a winter phenomenon, for the short summer nights greatly 
lessen the chances of seeing it. Other reasons for its 
being a winter phenomenon, and not a summer one as 
well, are that the high temperature in summer is not 
favourable to its appearance, and that the weather type in 
which it appears is far more common in winter than in 
summer. The fifteen cases are distributed throughout 
the winter months as follows : two in September, three 
in October, dve in November, two in December, one in 
January, and two in February. An investigation of these 
cases, and of the meteorological observations made before 
and after each appearance of St. Elmo’s Fire, has shown 
that the weather which precedes, accompanies, and follows 
it has very definite characteristics, not only on Ben Nevis 
but also over the whole west of Europe* What these 
characteristics are will be briefly explained in what 
follows. 

To arrive at a knowledge of the conditions obtaining 
on Ben Nevis, the observations of pressure, temperature, 
wind direction, and rainfall, made at the Observatory, were 
tabulated for each hour from thirty hours before to twenty- 
four hours after the appearance of the phenomenon m 
dach case. The general averages thus obtained for the 
whole fifteen cases for each element give very decided 
curves. They show that, as regards pressure, the baro- 
meter, from being 2 ^’^$ inches at thirty hours before St. 
Elmo’s Fire is seen, steadily falls till the sixth hour before, 
when it is 24771 inches, and thereafter rises till the 
twenty-fourth hour after the display, when it is 24*979 
inches. At the hour at which St. Elmo’s Fire is seen and 
the following hour, however, a slight dip is indicated in 
the ascending curve. Taking all the pressure averages 
into account, they indicate a well-defined depression, in 
which St, Elmo’s Fire is seen six hours after the centre, or 
point of lowest barometer, has passed. It is important to 
note that all the pressure averages come out below 25-000 
inches, because this indicates that the depression occurs 
while Ben Nevis is in an area of Mneral low pressure — 
the mean barometric pressure at the Observatory for the 
four years ending 1887 being 25*296 inches. 

The temperature averages show a broad maximum from 
twenty-four to sixteen hours before and a minimum sixteen 
hours after St. Elmo’s Fire is seen—thc range being 3''7 ; 
and between these hours there is a continuous fall in the 
temperature. The rate of fall is greater before than after 
the display. In some of the cases the range is much 
greater than 3’ 7*~io one it is 13“ 4. It was chiefly from 
the observations of temperature that we were able on 
several occasions to give successful forecasts of the 
appearance of the phenomenon several hours bsfote it 
occurred. 

The chief points shown by the wind-direction averages 
are, that they all belong to the western half of the 
compass ; that till the tenth hour before St. Elmo’s Fire is 
seen the wind blows from a south of west direction, and 
thereafter from north of west ; and that from tjie twenly- 
fourth hour before St. Elmo’s Fire is seen, when the 
direction is south-west, the wind steadily veers till the 
fourth hour before, when it* is west-north westr which it 
continues to be till after the appearance of the pheno- 
menon, and goes on veering again till the tenth hpor 
following, when it is north bv west. This veering of the 
wind before St Elmo’s Fire is seen is well marked in all 
the cases. 

The rainfall averages show two distinct maxima, the 
5 rst between ten and six hours previous to the display, 


and the other at the hour St. Elmo’s Fire is seen and the 
following. The latter maximum is wholly due to the 
heavy showers of snow and snow-hail that accompany 
the <fisp 1 ays. This snow-hail differs from the usual flakv 
snow crystals in being of the shape of small cones vrith 
spherical bases, and being hard and dry* During 
the flner displays this kind of snow was always 
present. 

Thus, as far as local observation goes, we see that St. 
Elmo’s Fire is seen on an average six hours after the 
lowest reading of the barometer has been recorded, in a 
depression that occurs in a general low-pressure area ; 
that it is preceded, accompanied, and followed by a falling 
temperature ; that before it is seen the wind has veered 
considerably, and goes on veering for some time after its 
appearance ; and that it is attended by heavy precipitation 
in the form of snow-hail. 

The averages are of some interest apart from their 
connection with St. Elmo’s Fire, for they show the 
relations existing in this class of storms between the four 
elements here discussed. The averages of pressure and 
of the direction of the wind are sufficient to show that 
the depression comes in from the Atlantic, and that the 
centre passes eastwards somewhere to the north of Ben 
Nevis. Then it is seen that the temperature is at a maxi- 
mum when the barometer is falling, and is still falling 
when the barometer is at its lowest ; that is, at a time 
when the atmosphere is very unstable and ascending 
currents at their strongest, the temperature is falling on 
Ben Nevis, a state of matters that must necessarily result 
in a rapid condensation of vapour, and a consequent 
copious precipitation, The rainfall averages quite agree 
with this. 

As to the prevailing weather over the British Isles and 
west of Europe in general, about the times of St. Elmo’s 
Fire being seen on Ben Nevis, the weather charts of the 
London Meteorological Office show that, in almost all the 
cases, the following conditions obtained— namely, some- 
where to the south or south-east of the British Isles, 
usually over the south of France and over the Spanish 
peninsula, there was a distinct high-pressure area, or anti- 
cyclone ; and that to the west or north of Scotland there 
was a low-pressure area, or cyclone. Between these two 
positions the barometric gradient was chiefly for south- 
westerly to westerly winds, and was usually pretty sleep, 
llie charts hlso showed that, so long as the anticyclone 
maintained its position to the south-east, so long did 
cyclones sweep in from the Atlantic with the above 
gradient wind, and pass our islands in a north-easterly or 
easterly direction. Thunder and hghtning were noted 
in Ireland on several of the nights that St. Elmo’s Fire 
was seen on Ben Nevis. Only on one occasion was 
any thunder an 4 lightning observed on Ben Nevi^ 
about the times of St. Elmo's Fire appearing, ana 
then the phenomenon was seen two hours before the 
thunderstorm came on. 

It might be Inferred, from what has been said, that as 
St. Elmo’s Fire appeared at the change of weather, when 
the centre of the storm had passed, it would be a good 
prognostic of iihproving weatner. Such is not the case, 
however, for almost inyariably another cyclone is ap- 
proaching, and another spell of bad weather is experienced 
soon after the St. Elmo’s storm has passed. 

A. R. 

Note.— Since the paper, of which the foregoing is an 
abstract, was written, several additional cases of St* 
Elmo’s Fire have been observed on Ben Nevta. On moo 
occasion we were fortunate enough in securing a fdiolo' 
graph of the phenomenon, which shows St. Elmo^s FiTO 
as three small W wtUte on the top of 

kitchen chimney, the chimney being but very famly 
seen: ^ 
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TELESCOPES FOR STELLAR PHOTOGRAPHY^ 

I. 

I WILL ask you to remember that the subject of this 
paper is not that of the proposed international pho- 
tographic survey of the heavens itself, but of the instru- 
ments which are to be used for that survey. No doubt a 
communication on the survey itself, dealing with the 
results aimed at, the conditions under which it is con- 
sidered the best results may be arrived at, and the 
general scheme under which it is proposed to measure, 
define^ and catalogue the position of the stars obtained, 
would be more generally interesting than one on the 
mere instrumental equipment ; but this part of the sub- 
ject has already been amply and most efficiently dealt 
with in lectures by Mr. Common and Dr. Gill at the Royal 
Institution, while the subject of the instruments to be 
used has only as yet been discussed in the more scientific ; 
and technical journals or proceedings of Societies ; besides 
which, 1 may be pardoned for saying that 1 think when 
actual work is commenced, the perfection of the instru- 
mental equipment will be found to be a larger factor in 
the attainment of success than has ever been the case in 
any previous astronomical research. There is probably 
nothing which surprises and excites the admiration of the 
modern astronomer more than the work done in bygone 
times by some of the older astronomers — work which was 
the outcome of marvellous patience and ingenuity while 
working with tools which would excite the pity and con- 
tempt of the merest tyro in astronomy of the present day ; 
but while 1 am by no means a sceptic as to tne most im' 
portant part of ail telescopes being the man at the small 
end,” I do believe that never before in any system of 
astronomical observing has “ the man at the small end ” 
been so completely dependent on the excellence of his 
instrumental equipment, a disarrangement of any one 
part of which would leave him utterly helpless. I trust, 
therefore, you will bear with me while discussing and 
describing a few of the more important mechanical 
details of these instruments. 

You are aware, probably, that an International Con- 
gress of Astronomers was held last year in Paris, and that 
It was decided to start a number of Observatories, in 
various parts of the world, each to take its share In pro- 
ducing photographs of the heavens, to be afterwards used 
In compiling a general chart, in which stars down to the 
14th magnitude would be entered. 

Before we go further, it may be well to explain the 
difference between this system of charting and the old 
system, and what circumstances have led to this proposed 
revolution in astronomical work. 

The system of mapping stars which has been used up 
to the present time consists, as you arc aware^ in observing 
all the stars seriatim^ in a transit circle, or similar instru- 
ment, and tabulating their declination {i,e. angular distance 
north and south of the equator), or Polar distance, as 
found by readings of the vertical centre, and their right 
ascension (z>. their distance measured on the equator 
from'an empirically fixed point in the beavensL as found 
by the difference of time of the sidereal clock between 
the passage of the star across the centre wire of the 
t^escope and that of the hxed point above referred to. 

essential point in the above system which I have to 
direct your attention to is, that every single star has to be 
examined by iiulL 

The imagaituae of Ute woiit of such a survey as the 
Faria Congress has decided upon may be inferred from 
the that thera ai», probably Some 20,000,000 stars to 

bd exfuoihed and catalbfped. It is a good year's woiic 
of a transit circle to tabulate* 5000 stars ; supposing, 
therebrey thirty or foifty Observatories divide the work 
betiSeein thmn, the suiYey would still occupy over 100 
SSr F.R.S , bqtSam ilw Socteiyof Arts, 


years, and by that lime the proper motion of the stars 
would render a new survey necessary. 

Now, ever since photography has been practised, it has 
been the dream of the astronomer to photograph the 
heavens, and obtain, at one and the same time, the 
positions not of one but of hundreds, or perhaps thousands, 
of stars in each operation. But then, it may be asked, 
why was not photography employed long since ? The 
answer is, that until recently the amount of sensitiveness 
obtained was not sufficient 10 allow of the fainter stars 
impressing the plate within reasonable time, and con- 
sequently It was found impossible to produce satisfactory 
stellar photographs, except of the larger stars. 

Dr. warren De la Rue was the first to point out the use 
which might be made of photography for the purpose of 
star-charting, and, as far back as i860 and 186 r, produced 
photographs of star-clusters, &c. 

In 1864 or 1865, Rutherford, of New York, obtained 
photographs of the larger stars, and while photographing 
the moon with the great Melbourne telescope in 1867 I 
took, for the purpose of adjustment, some photographs of 
“Castor”; but in an article which I wrote for the 
“British Journal Photographic Almanack” in 1869, I 
pointed out that for the development of celestial photo- 
graphs we would have to look to the chemist and not to 
the optician— in other words, that until we obtained more 
suitable plates we could not expect much advance. This 
has proved to be the fact, for with the advent of the 
gelatine plates, and consequent increase of sensitiveness, 
celestial photography received that impetus wtiich has 
eventuated in this proposition of an international photo- 
graphic survey. I also pointed out in that same article 
nineteen years ago that if by any possibility the exposures 
could be reduced so far as to render the unsteadiness of 
the image insensible — a rapidity which I said there was 
no reason to suppose might not be obtained in the case of 
the sun— we might expect great results, a prediction 
which has since been verified by Prof. Jansen's magnificent 
pictures of the sun, with which you are all familiar. 

It is almost superfluous to remind you also of the mag- 
nificent picture of the nebula in Orion by Mr. Common, an 
example of celestial photography never yet surpassed. 

In 1882, Dr. Gill sent home to the Royal Astronomical 
Society, and to the Paris Academy of Sciences, a photo- 
graph of the great comet of that year, and called attention 
to the large number of stars photographed on the same 
plate. This photograph was obtained with an ordinary 
photographic lens and camera attached to a clock-driven 
equatorial. 

It was this, perhaps, that influenced the Paris Obsen^a- 
tory to construct the photographic telescope of about 13 
inches aperture, n feet focal length, specially corrected 
for the chemical rays, with which the splendid star charts 
of the Messrs. Henry were obtained. Meanwhile, others 
w^erc not idle, and while Dr. Gill, through the munificence 
of Mr. Nasmyth, obtained a q-inch achromatic, which I 
corrected of course for the chemical rays, Mr. Roberts, of 
Liverpool, had a ao-inch reflecting telescope constructed 
for the same purpose. 

It soon became evident that this new departure in the 
system of star-charting was likely to be of very great 
importance, and consequently an International Congress 
of Astronomers assembled last year in Paris to discuss 
the whole question. This Congress defined the site and 
focus of the object glasses to be used, and laid down a 
certain standard for the correction of the chromatic 
aberration suitable to the nature of the work ; but left 
almost all other points free for individual astronomers to 
deal with as they thought best. In fact, the Congress 
wisely defined ohly just such points as were necessary for 
securing Uniformity in the scale of the photographs, all of 
which it is proposed shall be sent to some central inireau 
to be examinedi discussed, and made use of in compiling 
the chart. 
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But it may be asked where is the great difference 
between this sysiasm and the old, as the positions of the 
star image?, pn these pbotogra]^s have to be measured 
sen'afimf just as the stars themselves have to be measured 
setiatim in thr old system. This is no doubt true, but 
under what diffcir^t conditions are the measurements 
made. 

None but those who have worked in this field know 
the labour represented by a volume of 5000 star places 
under the old system* 

How many times does that wretched bit of cloud come 
across the field just as the star reaches the centre wire of 
the micrometer, and how many nights, beautiful and clear 
as they may look to ordinary individuals, prove utterly 
worthless for obw^g purposes ; but under the new 
system, once,.^4iingIe good plate has been obtained, there 
is a permanent record of some hundreds, or in some coses 
thousands, of stars, which can be measured at leisure by 
day or by night, in good weather or bad weather, and in 
comfort in your ototo or study, and there also is that 
photograph as a permanent record which can be referred 
to at any time as a check on errors which might possibly 
creep in to some pf the final reductions. 

In fact, this new system gives us the means of taking 
advantage of the very few really favourable opportunities 
of observing, and of producing, during those favourable 
moments, a facsimile^ so to speak, of any portion of the 
heavens which w'e-ean examine and survey at our leisure 
without arr>^ of the difficulties or discomforts attendant 
upon dii^ct astronomical observations, and under con- 
ditions fur more to the obtaining of accuracy 

in the results, 

Let us now eo^d«#What are the chief points to be 
attended to in fftip tonstruciion of the instrument. It 
is evident that what is required is an instrument which — 

(i) Can be a.cetjll*^^|^te)y pointed at any given object. 

(3) That when' jpoinled in the desired direction the 
clockwork shall cause it to follow tliat object as steadily 
as possible. 

(3) That as the meridian is thei^est position for observa- 

tion, the instrument, riwld be capable of working for 
some distance On side of the meridian without , 

reversing. 

(4) That iiieana should be supplied by which the observer j 
can watch and verify the acemvry of the clock -driving, j 
or making any change in position rendered necessary by 
rerraction, 

The first point involvw delicate and accurate slow 
motions in right asoenuon and declination. 

The second involves great steadiness and rigidity of 
the mounting, great smootime&s of motion of the polar 
axis in its bearings^ and above all most accurate clock- 
driving motion. 

The third point involves either the adoption of the old 
English form of mounting, or a modification of the 
German form, as the latllr does nPt -generally allow of 
motion for any considerable extent beyond the meridian 
without reversal, ^ , 

The fourth merely involves a very powerful finder — 
or, rather, guiding— telescope with suitable micrometric 
eye-piece arrangements. 

Respecting the relative merits of refractors and reflectors 
for this purpose, I shall speak just now ; for the present 
1 wish to direct your attention to the instrumental part 
only, and, for bptter understanding the peculiarities 
of the various mountings, 1 will now throw photographs 
of some of them on tlie screen. 

The first illustration is that of the Paris equatorial, 
with which the well-known and deservedly pissed 
Atar pictures of the Messrs.^ Henry were produced, jqu 
see It is of the consttuctioa generally known as tlk 
** English equatorial,— 'a long split polar axis, with ; 
bearings for carrying the telescope at the centre (tte 
weakest point). This form of equatorial has many ’ 


advantages, which at first seem to render it peculiarly fit 
for this special work. With good stow motion, and a 
large finder telescope, it admirably fulfils the first, third, 
and fourth of the above conditions ; but, owing to its 
peculiar form, and the difficulty of using a driving sector 
of long radius, it is not well calculated to fulfil the aecond 
and most important of all conditions, vir. the accurate 
following. No doubt excellent work has been done with 
it by what is called the *'cye and hand" guiding. That 
is, the star is watched in a powerful finder, and when it 
is seen to err sensibly in position, it is brought right again 
by the slow motion handle. I think it Is generally allowed 
that the undoubted excellence of the work done by the 
Meesrs, Henry is due more to extraordinary patience and 
skill in the “ eye and hand” guiding than to any unusual 
perfection of the clock-driving. This fonn of instrument 
also possesses a disadvantage in being very difficult to 
arrange for work near the Pole. 

I'he second illustration is of Dr. Gill’s q-inch photo 
telescope, with which he took his star pictures. There 
is nothing peculiar about the mounting of this, being in 
fact an old equatorial which I sent him some years since. 
In this case also the excellence of his results is to be 
attributed to the skill of the observer, and not to any 
inherent excellence of the clockwork ; but that excellent 
work has been done with it is apparent from the perfection 
of some of his photographs. 

The next illustration is that of the telescope of Mr. 
Isaac Roberts, of Liverpool, for whom I mounted a 30-inch 
reflector to experiment with. As you see, it is mounted 
on what I call the twin form, as I mounted Dr. Huggins's 
instrument, by the adoption of which the observer always 
has a second telescope available for visual work, if any-, 
thing interesting should appear in the heavens. With 
this instrument Mr. Roberts, working in the exceptionally 
wretched atmosphere of Liverpool, has secured some 
most admirable work, a few specimens of which 1 now 
I throw on the screen. 

This is the first instrument, as far as I know, in which 
a successful attempt has been made to drive, for any 
considerable time, without “ eye and hand guiding." The 
special system of clockwork used I will describe further 
on. So far as the general form of the instrument is con- 
cerned, it would appear that the balance of advantage 
lies with the German form (^o called) — that usua.liy 
adopted in this country. It is capable of being made of 
great stability, and it admirably fulfils all the conditions 
except the third, but that also, by a little modification, 
can be managed. 

The next illustration shows the general form which 
I have adopted, the principal feature of which is great 
stability. The stand being cast all in one piece con- 
tributes to this, but the peculiarity of the system of 
equipoise probably has more to do with it. In de- 
signing these instruments, I proposed that the fulcrum 
of the levers which support the greater part of the 
weight of the polar axis, should be attached!, not to the 
frame of the instrument, but to an independent pillar, 
so that only a very small portion of the weight of the 
moving parts should be Carried by the main framing. 
Dr. Gill then proposed that 1 should also allow the levci» 
to act in a purely vertical direction, instead of, as usual, 
in a directibn at right angles to the polar axis, and to let 
the point of support be vertically under the centre of 
gravity of the whole moving part. This I have eluted 
out, and the result is that omy as much of the weight of 
the whole instrument as is necessary to insure Steadiness 
will rest on the beariaysfs (lateral or end bearings) erf 
polar axis; all the rest ^ traoslexr^d to the base oiP 
atand. 

We n6w come to consider the alWmpbrtant patt of the 
photographic equatorial^thAt thb ariving Clock* 

M clocks used Ibr driving ekpiatorfiats (which naast 'of 
course move uniformly, and not step by step as pa^idtdtiin 
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clocks), may be divided into two classes— («) those in 
which uniform motion is obtained, or sought to be 
opined, by some variable friction or resistance which 
increases a$ the speed increases ; and {h) those in which 
some such similar contrivance is supplemented by a 
system of electric control from a pendulum clock, which 
ts itself incapable of being re-acted upon by the uniform 
motion clock. 

For all ordinary observing, and even for micrometric 
work, clocks of the class a are made, which answer 
admirably, but for photographic equatorials 1 believe it 
will be found necessary 10 employ clocks of the b type, 
and for this reason : the tendency of the compensation in 
uncontrolled clocks (class is to correct the rate of the 
clock when from any momentary cause it is disturbed. 
The best it can do is to bring the rate absolutely right 
again, but it cannot act till an errorhas actually occurred, 
and therefore, although the rate is corrected, the position 
of the star on the plate is shifted by the amount of the 
error. 1 have beard it stated by the designers of some 
of these clocks that errors were corrected before they 
existed ’ It is hardly necessary to stop to show the 
fallacy of this, but it is evident that the increased or 
diminished resistance, or friction, or whatever it is, that 
checks the speed, can only exist from, and in consequence 
of, the error itself. 

In the case of micromctric measures, it is not of very 
much consequence if a minute error occasionally creeps 
in, provided the speed keeps constant during the few 
seconds or minutes required for making the bisections, 
but in the case of the photographic telescopes, if the 
image of the star takes up a new position any time during 
the exposure, it is of course fatal. 

Let us try now and get an idea of what amount of 
accuracy is really necessary for this work. We often 
hear of a perfect equatorial clock, but the word perfect is, 

I fear, as loosely used in this connection as in others. 

I have heard in days gone by a perfect clock defined 
as one which drove the instrument so accurately that if 
you set the telescope on a star and went to dinner you 
would find the star still in the field when you resumed 
your observations after dinner. Allowing, say, two hours 
between tlie ante prandial and the post-prandial observa- I 
tions, and assuming the eye-piece to be (as wc may j 
fairly do) a low^ one of about 20' of arc field, this 
would mean that the clock did not vary more than .600" 
of arc or 40 secontls of time an hour. The accuracy we 
now require for these photographic telescopes is some- 
thing very different. The imago t>f a lath magnitude 
star impresses itself on the plate, with moderate exposure, 
in the form of a circular disk of about inch diameter. 
If the clock vary one-tenth of a second during the 
exposure, the disk will be elongated by tirVif inch, 
producing a very sensible distortion. 

We must not therefore have any errors over one-tenth 
of a second, and if possible it should be reduced to one- 
twentieth. 

It will not be necessary that the clock keep within this 
one-twentieth of a second for more than ten or fifteen 
minutes, because it is always necessary to watch the 
image occasionally through the guiding telescope, and 
correct whenever refraction beccmies apparent ; but what 
I do urge as iabsolutcly necessary is that the clock shall 
go so perfectly as not io require more than the occasional 
attention of the observer, instead of the constant and 
never-cewing watching with ordinar>' clockwork* No 
one who has not tried it can imagine the strain required 
to keep ft constant watch on a star image for 30 or 40 
minutes, but if attention be only r<^uirea for a second or 
ao every few minutes there is no drmculty or irksomeness 
whatevier* 

Even the moat enthualaatic admirers of various forms 
of equatorial clocks will hot vepturc to assert that they 
fijfteenminutei^ one-tenth of a second 


of error. Thpe is now, however, no difficulty in con- 
trolling a uniform motion clock from a pendulum so 
that it will never vary one twentieth of a second from it. 
It may therefore, I think, be assumed that some form of 
electrical control is necessary. There are, as far as I 
know, four forms of control to choose from. 

First, Dr. Gill's, as applied to the 15-iiich equatorial at 
Dun Echt with admirable success. ,, 

In this an electric current is sent once a second from 
an independent pendulum, which may be any distance 
away. That current passes through a certain wheel in 
the clock, with contacts so arranged that if the clock be 
going exactly with the pendulum the current is sent in^a 
direction which keeps one of two rubbers rubbing on*a 



quick-moving wheel .of the clock. If the cloi:k, however, 
goes the least quantity too fast, the wheel has, revolved 
a little further than it should at the moment the next 
current comes from the pendulum, and the current is sent 
in such a direction as to cause both rubbers to rub on 
the clock wheel. If, on llic contrary, the clock has gone 
a shade slower, the current is sent in a third direction, 
which lifts both rubbers off. This control, so far as it 
goes, acts almost perfectly, but it is open to this objection, 
afi it only corrects the errors of whatever shaft in the 
clock the contact-wheel is attached to, any error in wheels 
between that and the telescope screw are unaffected by 
it ; also I find in practice that when it is attempted to 
control a clock by alteration of friction, on any heavy 
quick-moving part, it takes some little time to act, and 
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then generally overdoes the correction, causing what is 
generally termed “ hunting.'’ The second form of control 
is the first which I ifttroduced. 

Fig. I is an elevation, and Fig. 2 a plan, of the arrange- 
ment which is attached to the back of the main clock* 
work, and can be seen in Fig. 3 at E, but on too small a 
scale for description ; A is a portion of one of the uniform 
clock motion spindles, or any shaft coupled thereto ; 

B, B, B, arc the three wheels of an ordinary mitre 
rem&ntoire train driving by weights, W, the scape-wheel* 

C, ittto the iceth-of which gear- the pallets, d d, which 
palietft afe driven by the electric pendulum, 

The el^tric pendulum is connected to and driven by 
a current from any "Independent clock. To the weight- 
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ctBtrf^ art& of the remmioirt is attached a email chaia 
or wite^ which communicates any motion it may have to 
the lever^ fr^ the other end of which lever hangs a 
w^ht, smaller than w, which weight is therefore 
raised whm the remontaire arm is lowem, and lowered 
when the remimtaire arm is raised ; Q is a disk of metal 
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on a vertical spindle of a uniform motion clock, and 
revolving rapidly (say 300 per minute). When the weight, 
W, is below Its mean positioir, rt is in contact with the disk 
g, and (the lower end of it beixig coated with leather) 
l^oduccs a considerable amount 01 friction, and therefore 
tends to retard the speed of the clock ; when the wei^t, w, | 



is above its mean position, H is altogether out of contact 
with the disk g. The action is as follows: Supposing 
the shaft, A, to revolving exactly one f>^r minute, ^ 
pendulum tp be vibrating exactly 00 per minute, and that 
there are 30 teeth in the scape-wneeh it is evident dikt the 
rmontoire arm, and therefore, the weights, w and w, will 


; vibrate backwards aad forwaids the same disUmce each 
second, and that the mean ^poaidon of all wUl be theaatne 
each second. Under these circtunstances, the wei^t, W, 
will be alternately 0-5 second in contact with the disk Q, 
and 0*5 second out of contact, and the uniform motion 
clock is rated, 4 ^, just so much hist, that the icstttig 
of the weight, w, for 0*5 second in each second, will bring 
I the rate right. 

I N ow, suppose an error of acceleration to arise in the uni- 

form motion clock, the mean position of remontaire arm 
will rise ; therefore w will fall, and, instead of rubbing in 
contact with Q for o‘5 second, it will rub for o'6 or 07 
second, according to the extent of the error, This will 
tend to check the rate, and this check wilt continue till the 
relative position of the uniform motion shaft becomes as 
it was when the clock was going correctly. 

If a retardation occurs, the reverse effect will take place, 
and the weight, w, will rub only for 0*4 or 0*3 second, 
instead of 0*5, until the error be corrected. 

' So far as described, there was no particular novelty, as 
most of this arrangement, in principle, had been tried be- 
fore, the failure that had resulted being due to the fact that 
it was found imposrible to prevent the pendulum being 
influenced by the difference of force on the pallets, 
under varying circumstances, the pendulum being in the 
former case driven by the scapement ; not by electricity, 
as in this case. 

This difficulty was got rid of by : — 

(i) Making the pallets (as they are not required to 
drive the pendulum) of such form that the teeth of the 
scape-wheel impinge upon them nearly at the angle of 
j repose. 

! (3) By driving the pendulum by electric current from 

■ another clock, thus virtually rendering the pendulum not 
' a pendulum at all, but a lever worked backward and for- 
ward by electricity, and not subject to alteration in its rate 
by slightly varying force on the pallets. 

An arrangement is also attached (but not shown in the 
figure, to avoid confusion) by which, if either portion of the 
clock fails to do its duty from want of winding, want of 
electric current, or Other cause, the connection between 
the two systems is instantly sewered, automadcaUy. 

[TaU conHnuid.) 


NOTES. 

Mr. GriesbaCH, of the Geological Survey of India, who has 
lately been engaged in geological work in AfghanUun, and who 
was geologist to the Afghan Boundary Commission, has been 
appointed to BeloochUtan, ** to carry on geological investigations 
into the mineral deposits of the country/’ 

At the meeting of the British Association at Newcastle there 
will be a joint discussion by Sections B and G of a paper to be 
read in the latter Section by Sir I. Lowthian Bell, 

President of Section B, on "Blast Furnace Practice." 

The International Astronomical Congress will hold its sittings 
in Brussels from the toth to the zath inst., and at Lidge 
t^th. The attendance from ell European countries and America^ 
will, it is i^tictpated, be very large. 

It is reported from Brussels that M, Datoit, the Tiuaevaal 
Minister of Public Instruction, is now endeavouring In BelglOiiA 
and Holland to reeruB die necessary staflf fbr organieing a Dutch 
Uxuveraity in FretoHa, the pspltal of the TraiWvaal. . 

CotoNEL t^pott on the progress of the SOrvey 

of India for the past year sHowa that the party employed on dih 
trigonometric^ surveys hav comply the 370 miles vemdii^ 
of the seeoOdarir triOn^lalion the Oast ooeat of Ia^ 

The Seodniliiry trian^pi^^ carried out an 
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IjVOgth ol TJO miUn by partiei employed in Beloochistan u a 
for t^^Kigraphical surveys in that region, Tbe worlc of the 
geodetic party comprised measarement of seven atcs of longitude 
in Sonthm India, end the tidal survey party continued its 
observedotis with self-registering tide-gauges at several stations 
•long the coast, where tidal observatories are established, and 
connected with the operations of spirit levelling. Gec^raphtcal 
surveys have been carried out vigorously in Upper IBurmah, 
nearly ai,ooo square miles having been surveyed and mapped 
on ahalf-inch scale. Reconnaissance along the Nepal boundary 
has supplied a rough basis for a more accurate and detailed 
survey of the northern frontier when an opportunity offers. 
Interesting additional information regarding Bhootan and Tibet 
has been obtained from the adventurous travels of native 
explorers trained and sent thither by the Department. Of the 
new maps 4063 were published during the year, and heavy 
demands continue for trans-frontier maps, and maps of Upper 
Burmah. The photographic and lithographic offices show the 
large out-turn of 1,303,861 copies during the year, including 
high class illustrations for archseological and other reports. 

A RECBMt mail from New Guinea brings information that the 
Italiaii naturalist Signor Lorie had landed in that country, and 
was proceeding to carry out arrangements for a scheme of 
scientific investigation which he proposed to himself. His 
present intention is to remain for several years in New Guinea, 
where he intends, in addition to following his favourite scientific 
pursuits, to devote some of hU time to exploration work. 
Signor Lorie is described as a great enthusiast, and a man of 
determination and courage. 

Thb American Meteorological Journal for August contains 
an instructive article, by Prof. W. Ferrcl, on decrease of tempera- 
ture with increase of altitude. The author reviews the cases of 
rapid decrease which would occur were the atmosphere without 
aqueous vapour and in a stable state ; of the very low tem- 
perature that would exist a little above the earth, if there 
were no atmosphere; of the low temperature of the upper 
atmosphere, owing to radiation into space, if the earth were 
surrounded by a clear atmosphere, not heated by the solar rays. 
The very rapid decrease of temperature with height is prevented 
by the ascending currents, caused by unstable equiUbriupi, and 
the heat of condensation given out after the vapour has 
ascended to the altitude where condensation commences. The 
average vertical gradient is less in the cloud region than in the 
lower strata of the atmosphere, and less in the lower strata 
in cloudy than in clear weather, as shown by the results of 
Glaisher's ballocm observations. He also refers to tbe more 
frequent unstable state of the atmosphere in spring and early 
summer, owing to the lower strata at that season being warmed 
up faster than the upper strata ; in the fall of the year the 
unstable state is not so readily produced, and more settled 
weather ptevaili. Mr. H. H. Clayton has a paper on diurnal 
and annual oscillations of the barometer. It is pointed out, in 
the report of tbe expedition to Lady Franklin Bay, that if the 
diurnal prassura at ft ve Arctic stations differing largely in longitude 
be plotted in idmultaneous time, the epochs of maxima and 
minima show a striking coincidence with each Other ; the author 
traces the probable cause of the occurrence of the maxima to 
(he expansion and ovOrffow of air from Asia and America to the 
j and Of the mixtima at tbe Foie to (he fact that the emtflow 
the towards those continents is not re|dioed by an 
Mux In that ditrectiorn from' tlm Oc«u»« The rataidation of the 
annual maxinium from tbe Arctk region to the Equator, and of 
ndhlmum from tbe sbuthern parts of the continents to the 
Atetfo region, is also attributed to the relative heating and cooling 
eontfh^U and oceabi rripisfoing articles are j on 
a&Msal watms of dmiaa County, Michigan, by pt. 
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Brainerd, giving an analysis of the waters and the virtues of the 
substances contained in them ; the State tornado charts of 
Kansas and Indian Territory, by Lieut. Finley ; a translation of 
a paper, by Sauuure in 17^, on the use of the sling psychro- 
meter, from which has resulted the modern use of that instrument ; 
and, on atmospheric economy of solar radiation, by A. Searie, 
with comments by Prof. Ferrel (the principal point is that the 
earth is kept at a higher temperature than it would be, owing to 
the fact that heat is transferred upwards by conduction and 
convection instead of by direct radiation). 

The syllabus for the year 1889-90 of the Manchester Technical 
School has been issued. It shows the importance and magni- 
tude of the work in which this institution is engaged. There 
are eight departments in the day and ten in the evening school, 
beginning with a manual training school for boys, which is the 
beginning of the whole course. This school is not intended to 
teach boys a trade, but to provide them with a complete educa- 
tion of both head and hand, in the belief that in this way their 
powers will best he developed and they themselves be best fitted 
for affer-lifo. The syllabus this year has some new features. In 
manual training there is a special course on Saturday mornings 
for schoolmasters and teachers in the use of wood- working tools, 
with a view to enable them to introduce manual training among 
their own pupils. In commercial geography there is to be a 
special course of lectures of a practical character, Type- writing 
is another novelty. The chief feature is instruct iou in the use of 
the Remington and Caligraph machines. With a view to obtain 
the necessary skill, each student has three hours' practice per 
w'eek. There is a special class for women in shorthand, in addi- 
tion to increased facilities for male students. A special honours 
class has been formed for evening students in magnetism and 
electricity, telegraphy, and electric lighting. Kspecially it should 
be noted that facilities are offered for a comprehensive study of 
commercial subjects. There are now great facilities to evening 
Students for the study of science and of art in their application to 
all the more important industries. The school staff consists of 
53 teachers. Last session the school was attended by 3328 
individual students. 

We have received the pro«»pectus of the day classes in arts 
and science and of the evening lectures for the session 1889-90 
of the University College, Liverpool. 

The Colonial Board of Viticulture in Melbourne recently 
proposed the establishment at public expense of an experimental 
vineyard and school of viticulture for the colony. The sugges- 
tion has now been accepted by the Minister of Lands, and a site 
has been selected for the purpose at Rulherglcn. The area 
selected U 200 acres, and it will be permanently reserved for the 
purpose. Instruction will be imparted at the institution by 
capable teachers in the most approved methods of vine ciiMra- 
tion, and experiments will be conducted with the view of testing 
the value of new plants said to be suitable for growth in Victoria. 
Funds for conducting the school will be provided in the present 
year's estimates, but pending the formal vote the Minister has 
authorised the expenditure of a sum sufficient to at once plant 
30 acres of the reserve, and so cx|wdile the work. This will 
enable the Board of Viticulture to take advantage of the prescnJl 
favourable season. 

In hU last Report, the British Vice-Consul at Nisch mo- 
tions the terrible havoc which is being mode by disafforestation 
in Servia since its independence. He says that during tl^e 
Turkish occupation $ervia was covered with magnificent forests 
of oak, beech, chestnut, and walnut trees, by means of which 
the country was assured of a regular and plentlfol supply of 
water, and in tbe recesses of which the natives found shelter and 
rafoge from their foratgn conquerors. From the date of her 
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iii4«pendeDoe a destruction of these invaluable treasures com- 
menced which has been carried on with remoraeless and nnre- 
fleeting perseverance, and it appears as though there Were at the 
present day a raco j^ainst time to complete the havoc. From 
time to time the consciences of Ministers and Governments 
have roused them to interfere, but, beyond passing laws 
which remain a dead letter, hardly anything has been done 
to arrest the evil. Floods in winter and drought in summer 
were declared by Mr. Borchgrave, in 1S83, to have already 
begun to exact the penalty which carelessness or want of 
foresight must be called upon to pay ; but the j>ea$ant 
And his goats continue their work of destruction, whilst the 
authorUies are apparently more anxious to avoid occasions of 
discontent which restrictive measures would create than of apply- 
ing such remedies as legislation has placed in their hands. 
Whole mountains may be seen completely denuded of timber, 
with the exception of a low worthless scrub, which were, a few 
years ago, covered with woods, but which have fallen victims to 
the innumerable herds of goats which are allowed to browse at 
will. The peasants amongst whom the land was divided at the 
lime of the Servian independence have cleared vast tracts for 
the purposes of agriculture, and possess the right of cutting 
timber for firewood in, those forests which are under the 
management of the different communes. Very Httic COal 
is used for household purposes, and the amount of wood 
required for daily consumption adds enormously to the drain on 
the national resource#*. The best -wooded parts of Servia are 
the districts of the south and aouth-east, but especially the de- 
partment of Topi it r.a, which may be said to contain the only 
remaining virgin forests of Servia, and whence are annually 
drawn large supplies of walnut trunks and oak staves for casks. 
The heights of the Nischava Valley, Stalatz, and Krushevatr 
furnish excellent building timber. Oak forests are abundant on 
the Turkish frontier of Vrania. Walnut trees, which attain to 
an enormous growth, have been mercilessly dealt with, the vatuc 
of this timber having attracted the attention of Austrian mer- 
chants, who send agents to choose and cut the wood for 
exportatton^ The fir and juniper are found in the central and 
western valleys, and on the great Kopavnik Range on the south- 
east, the pine on the heights of Zlatibor. 

Hear Troon tTx contributes to the last issue of Peter- 
mann' s Miiteilxtn^en the results of calculations which he has 
made of the areas of the various South American States. These 
arc based on the maps in the latest edition of ^ticler’s Atlas, 
which are compiled from the I.atest official and other information. 
The figures are in square kilometres. 


Brazil 

... 8,361,350 

French Guiana 

78,900 

Dutch ,, 

... 129,100 

BritUh , , 

... 239,600 

Venezuela 

... 1,043,900 

CotumKa 

... 1,303,100 

Eaiador ... 

299,600 

Peru y, 

... l,T37tOoo 

Bolivia 

• •• i,334,aoo 

Chili 

776,000 

Argentine 

... 2,789,400 

Uruguay 

... 178,700 

Paraguay 

253,100 

Total ... 

... 17.813,950 


Til* Cohnies and India reports Irom Tasmania that a move- 
ment is on foot in Hobart for the creation of a Univeriity. A 
notice of motion directing attention to the desirability of aitoh a 
step was glvmorfpe Council of Education by the Mlnjater of 
Education, an^^tlSe' was to be considered at a meeting 

OA June 19. ^'We hope to hear that it has been favourably 
considered, as the colony is quite prosperous enough to mam- 


tarn such an Inutitudoo, and it would be one which would be 
eatremely useful, as well aa being to some extent an adornineot 
to the picturesque capital of the f aland Colony.** 

Mr, G. W. RoosEVEtT, American Consul at Bordeaux, in u 
report on the treatment of diseases of vines in France, says that 
in spile of the numerous inventions meant to destroy Fhylloxera, 
it still continues its ravages. One of the most recent plan* i» 
that of an American, Mr. L. H. Pavis, who inoculates the vine, 
through a carefully made exetaion, with a preparation which 
claims is destructive to the Phylloxera, while it leaves the vine 
uninjured. Jt is too soon yet to speak of the results of this plan. 

I Dr. Griffm advocates a distribution by a machine constructed by 
! him of a substance which can be used in cither a dry or a liquid 
I state. Last spring he operated on a vineyard placed at his 
j disposal by the French Covemmeot, and had the satisfaction of 
j seeing tilt vines treated by him sound and healthy, while other 
1 plants in the same vineyard were perishing. The most generally 
j employed remedy has been found to be very serviceable, and free 
! from the danger that was thought to follow it — that is the sub* 
i mersion for not less than forty days in carbon of sulphur dissolved 
I in water. In light permeable soils a strong mixture is used, but 
I on hard soils a weaker solution is i>etter. Within the paat few 
years the actual area of the vines destroyed by this pest is 
1,300,000 hectares, or, roughly speaking, one-half of the vine- 
yards of France ; and if we remember that a Hectare of vines is 
worth about 6000 francs we can see what a terrible France 
has suffered. In the case of Oldium, as in that of Plrylloxera, 
no positive remedy has yet been discovered, but the usual iwode 
• — that is, the application of sulphuj^ pure or mixed — checks the 
disease, and at the same time helps the growth of the vine. Id 
fact, so great have been the good results of the use of sulphur, 
that it will for the future be used in most vineyards, even where 
(Xdium does not exist. Till the year 1885 no remedy was known 
for mildew. Since that year, however, salts of copper have 
been successfully employed, though there is some doubt whether 
that substance is really beneficial to the vineyards. The most 
general method is to pluck off the diseased leaves and burtk 
them. Besides these there are other methods, such as the use of 
bouillie bonielaise^ can tlksU^ ammoniate of copper, and verdi- 
gris with powdered sulphate of copper. On amount of the 
recent appearance of the disease called black rot, no satisfactory 
remedy has yet been tried. With regard to anthracnose, if step* 
are taken early in the spring, the disease may be brought under 
control. Perhaps the best remedy is a mixture of lime and 
sulphur. A first sulphuring is given when the shoots are four or 
five inches long ; then, if lesions appear, the operation i* r«* 
peated in about a fortnight with a mixture of lime and sulphur, 
the proportion being one part of sulphur to three of lime. A 
mixture of plaster and sulphate of iron has al-o been very 
*accessful. The only really efficacious remedy for pourrldle i* 
by removing and burning all roots showing traces of the disease* 
Erinnose may be treated like mildew— that is, by repented 
applications of sulphur. 

A REPORT on the appearance of the HcssU i fly in this 
country, by Mf. Charles Whitehead, the Agricultural Adviser, 
has been is'tued by the Agricultural Department of the PtWy 
Council. The fly was first seen in 1886 in Great Britain^ and 
in that year did some harm to wheat and barley plant* Eng- 
land and Scotland. In 1887 It was nptiwd iu twenty counties 
in England and ten in Scotland, wheat ^ barley crops beinjj 
Considerably damaged by its action^ The weather during thh 
summer of 1887 was hot and tky, like that wh?ch nortpi^ 
prevails In America, and was presamabjly lavpurable to 
development nqd progress of the fly. D^^ing i8w,, whem 
summer was unusually wet and cdl^d. very tele hnai^ Jpr 
seen of the flemki) fly eiter in or SisoU^i ^ 
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4 uHiig tbe early months of the present year the temperature woe 
h$gh and the rainfall and from the reports received l>y 
the AgnouUoral Department the infested area has largely 
incrmoed in England. In Scotland it does not appear to have 
made so much progress. Still it is present in many Scotch 
ooiinties. The actual amount of injury to the crops is slight, 
and, so far as can be ascertained, is not in any instance so 
Important as that caused in some cases in 1S87. It is most 
probable that the injurious operations of the insect have been 
checked hy the wet, cold weather which has followed the 
abnormal hent of May, and the warmth and dryness of June. 
When a cycle of hot summers occurs, it may happen that the 
ravages of the Hessian fly may be general and calamitous. Mr. 
Whitehead therefore urges the desirability of careful watching 
and the prompt adoption of simple methods, which he describes, 
for preventing the increase of the pest. 

Tiilt ImiuslrU has a long account of the treatment of 

wild silks (that is, those which are furnished by silkworms other 
than those of the domesticated Bomhy.x ptori) in their native 
countries. In India there are no less than fifty varieties of silk- 
bearing insects, the most important of which is called tussur, 
that is, *Mhc weaver’s shuttle.” The caterpillar, like the moth, 
is of a great sire, and feeds upon more than thirty species of 
plants. The cocoons of the Ivtssur, which make their appear- 
ance twice in the year, are found attached to the branches of 
trees in the jungle in large oval mosses. The calcq>illar lives 
from thirty to forty days, and then weaves its cocoon. In four or 
flU weeks from this time the moth comes out and lays eggs 
from which comes a second generation of caterpillar. These 
wrap themselves in the cocoon, and remain hanging to the trees 
throughout the rainy season— that is, for seven or eight months. 
The cocoon, wliiclt is about four limes the sir.e of that of the 
mulberry silkworm, is composed of a double and interrupted 
thread of about 1400 metres in length. The thread is im- 
pregnated with uric acid of sodium, which must be removed by 
the aid of an alkaline wash before the thread is unwound. The 
tussur is tended with great care ; in fact, for centuries various 
religious usages liave l>een employed in rearing it. The moth, 
which is a large insect of a brownish colour, having its wings 
beautified by four transparent eyes, is venerated, and may be 
only approached by people of a certain caste. Unlike, the 
tussur, which has been domesticated in India for some thousands 
of years, the cocoons of the other species are collected in the 
jangle. Amongst these is the Attacus cyntfua^ which feeds on 
the castor-oil plant, and of which the cocoon is white. Other 
species are the Avihenm assatna and the Crkula irifme^rat 
whlcli lives on the mangrove tree and spiirs a cocoon of a bright 
golden colour. The most important Chinese species is the 
Antfuma pernyi^ which is cultivated in the pn)vince of 
Sre-chuan. In China also is found the most beautiful of all 
moths, the Attacus ait as ^ which spins an enormous cocoon, 
Qovored at both ends with a very thick silk, known as Fagara 
sHk. In Jo pan arc the AiUnihus caterpillar, and the Yanutnai^ 
which till lately was.reservril for the exclusive use of the Mikado, 
and the exportarinn of the eggs was an ofitence punishable with 
death. At present attempts are being made to cultivate thU 
species in France, and it la believed they will be successful. 

Mbssrs. BbACKtB A^o SoK wUl publish immediately a trans- 
lation of the. wdb known “Organische pbemie of Prof. 
Ikmthsen^ of Hcidtlbeig^ Ihe translation is by Dr. George 
McGowan, University CoiJegA, Bangor, and the original text 
baa been specially brought up to date for this edition by the 
aufhifWj who has lhroughptt!t shown keen practical interefc in the 
perfoctfog of the English; edUiofl^ 

I'HW ICaydl IteleorolOSglcal Institute at Utrecht has jnst 
patched a valuable atlas Olf tWeHrijp-two charts, containing the 


results of observations in the Indian Ocean, for the separate 
months of Deceml)er, January, and February. Some portions 
of the ocean are naturally without data, but the amount of 
material dealt with may be judged of from the fact that 5I1799 
observations have licen used in the construction of the wind 
chart for December. The temt;>eiature of the sea-surface is 
represented by isotherms drawn for every 2® C., and shows in 
certain regions, e.g, near the Cape of Good Hope, coniiiflerable 
differences of temperature in the various months. The currents 
are plotted in squares, in two colours, showing the re- 
sultants of the currents setting towards the west and of those 
towards the cast, separately, together with the number of 
observations from which they are calculated. Atmospheric 
jjressure is represented by isobars drawn for every 2 ‘5 mm. They 
show an area of high pressure between lat. 30^ and 35 S. and 
long. 80* and 90“ E. ; in January there are two centres of high 
pressure, at long. 55“ and 85®. The temperature of the air is 
exhibited by isotherms for every 2^* C. The difference between 
the air and sea temperature is generally small, hut the excess 
of the latter sometimes amounts to 5® C. The wind is repre- 
sented by roses showing the relative frequency for direction 
(only), arranged according to homogeneous areas, combining 
the same prevalent winds in irregular spaces. Other charts 
sliow specific gravity, rain, |)crccntages of storms, and other 
interesting information. 

The third session of the Edinburgh University Extension 
Summer Vacation Course was held, as before, during August, at 
Gmaton Marine Station, through the kindness of Dr. Murray, 
Director of the CiialUn^er Expedition, and of Mr. Irvine, of 
Royston. The courses of botany a»<l zoology w-ere conducted, as 
last year, by Prof. Geddes and Mr. G. A. Thomson. This year 
each course was divided into an elementary and an advanced 
section, the former dealing with Vertebrates and Phanerogams, 
the latter with Invertebrates and Cryptogams, Prof. Geddes 
also delivered a course of twenty lectures on sociology. Some 
twenty-five or thirty students attended. All the courses were 
supplemented by demonstrations in the field and on the shore, 
and by visits to public and private gardens and to the 
Museum. 

In the abstract of Dr. Stefan’s paper on “Ice Growth ” 
(Nature, August 22, p. 40a), the third paragraph should read 
a$ follows ;—•* The theory gives for the thickness {/i) of ice 
formed In the time (0 the following formula, which is approxi- 
mately correct — 


In this formula (r) is the specific and (X) the latent heat of ioS ; 
(it) is the coefficient of conduction, f<r) is specific gravity, (/) U 
the temperature at the surface of the ice at the time (/■), (T) 
the sum of cold for the same time ; tlie last is the sum of the 
temperatures counted downwards from 28* F., or the freezing- 
point of sea- water, from the commencement of ice foruiairon up 
to the time (/),” 

Thk additions to the Zoological Society’s Gardens during the 
past week include a Common Peafowl {/\ivo enstafus S , white 
variety) from India, presented by Mr. Richard Hunter ; a Manx 
Shearwater anstoffim) from Essex, presented by Mr. 

J. M. Wood, C.E, ; a LcBser Razor-billed Curassow {Miiua 
tmtniom) from Guiana, presented by Mr. G. H. Hawtayhe, 
C.M ; a Loulwanian Meadow StarlW {Sturnetia lud0- 
pfeiana 9 ) Tiotn North America, presemtiS by Mr. Newton 
Hayley; a Turtle Dove {Turtur cammunk)^ Eurofiean, pre- 
sented bjr Ut C. W. Cousins ; five Herriflg Gulls (ZarwJ 
arg^fitatas), British, presented by Sir Richard Nicholson. 
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Yale College Observatory. —T he report of this Observa- 
tory for the year ending June 1889 has recently appeared. Mr. 
Brown, the Seev^tary^ records the carrying out of several im- 
provements in the grounds of the Observatory, and the continua- 
tion of the work of %e Thermomctric Bureau, 7475 thermometers 
having been received for verification during the year. Dr. 
Elkin, the astronomer in charge of the heliometer, completed 
the measures for the triangulation of the region near the North 
Pole during the summer of 1SS8, and the necessary reductions 
are well advanced. In October 188S a series of observations for 
the parallax of Iris was commenced in connection with similar 
series to be effected at the Cape and at Leipzig, but measures 
were only obtained on thirty- four instead of sixty- five nights. In 
addition to these, however, 168 sets, each consisting of sixteen 
pointings, were obtained by Messrs. Elkin and nail, for the 
diurnal parallax of the same planet. The discussion of the whole 
series of measures has been undertaken by the Vale astronomers, 
and the work has already been commenced. A series of measures 
for the parallaxes of Victoria and Sappbo arc now being under- 
taken, and it is expected that two additional observatories, those 
of Baml)erg and Gdttinien, will co-operate in the work. The 
helioraeter has alio been employed iu further researches on stellar 
parallax ; Procyon and Altair having been taken up by Mr. Hall, 
Vega and Regulus by Dr. Elkin. During the winter Mr. Hall 
completed the reductions of his work on the orbit of Titan ; 
whilst Dr. KIkin took part in the observation of the total solar 
eclipse of January i, 1889, which he observed from Winnemucca, 
Nevada, under very favourable circumstances. 

New Minor Planet. — A new minor planet, No. 287, was 
discovered by Prof. Peters at the Clinton Observatory, on 
Auj^st 25. 

Shoula the two planets discovered on August 3 both be con- 
firmed as new bodies, that discovered by M. Charlois will 
No. 285, whilst Herr Palisa’s will be No. 286 ; the former 
having been discovered at loh, 46m. G.M.T., and the latter 
at nh. 27tn. 

Comet 1889 rtf (Brooks, July 6.)— Dr, K. Zelbr has found 
elliptic elements for this comet, with a period of I2jji years. The 
epbemeris from these elements compares as follows with Herr 
Knopfs epbemeris which is given below : — 

Zi!br~ Knopf. 


1669. 

R A. 
m. s. 


Decl. 

Sept, 8 

-2 17 


+ 1*7 

Oct. 2 

-5 49 


•f 5*1 

Htrr Knop/'s EpAemeris far 

Berlin N^dnight. 

18B9. R.A- 

b. m. «. 

D^ci. 

Log r 

Log A. Bright* 
nsM. 

Sept. 8 ... 0 5 14 ... 

5 43*8 S. .. 

0*3709 . 

.01333 ... * 34 

12 ... 0 3 51 ... 

5 39-0 

0*3734 

. 0*1353 ... 1*31 

16 ... 0 2 21 ... 

5 34-0 

0-3759 

. 01346 ... 1*38 

20 ... 0 0 48 ... 

5 28*6 

0-3786 . 

. 0*1430 ... I'25 

22 ... 23 59 IS ... 

522-4 

0-3814 . 

. 01487 ... 1‘2I 

aS... *3 57 47 

5 I 5‘3 

0-3843 . 

.. 0-1554 ... i'i6 

Oct. 2 ... 23 56 26 ... 
The brightness on July 8 

5 7 0 S. ... 0-3873 

is taken as unity. 

0-1033 ... 1 09 


Comets 1888 e (Barnard, SaprEMBER 2) and 1889 ^ 
(Barnard, March 31).— The following ephemeridea are m 
continuation of those given in Nature for 1889 August t : — 


Comi 1 888 A 1S89 


1889. 

R.A. 

h. m. s. 

X>«cl. 

R.A. 
h. m. s. 

0 

DdCt 

Sept. 

7 - 

«8 3* 7 . 

. ^ 46-3 s. 

4 25 52 * 

. a 

13*1 N. 


ii ... 

If *7 5> • 

. 9 9** 

4 *7 53 - 

. 1 

1*8 N. 


15 ... 

18 24 14 , 

• 9 30*3 

485*. 

. 0 

IS O S. 


19 - 

18 21 15 . 

- 

’ 35847- 

1 3 47 38 - 

. 1 

37* 


23 

18 18 47 . 

10 7-8 

• 3 

39 


27 ... 

18 16 50 . 


3 35 21 . 

* 4 

34*5 ^ 

Oct. 

I ... 

18 15 19 . 

. 10 3^7 S. 

3 22 f . 

. 6 

7 ‘4 S. 


Reduction op Kuthereurd^s Photoorapks of tke 
Pleiades and papers by Dr. B. A. Gotild 

have recently beeei pubBrited in the metmnrs of the Norionat 
Academy of Saienohs^ which poasen a very special tnterestetihe 
present tkne, for they show that Ih Uie Very dawn Qf astfo- 
nomveal photography^ it wa* possible to determine the retatlfO 
places of the ipembers of a star-duster frbm a series of photo- 


graphs with a precision comparable to that attained even With 
a heliometer. In 1865, Rutneriurd hod obtained a number of 
photographs of the Pleiades, and early in i8fi6 he placed the 
results of his measurements of these plates in the hands of Dr. 
B. A. Gould, who deduced from them the R.A.’s and Decls. of 
nearly fifty stars of the group, and who, further, compared these 
results with the helioiueter measures of Bessel, made more than 
a quarter of a century earlier. The comparison, even as it stood, 
was a most satisfactory one, for, in spite of imperfections in the 
method of measuring the photographs, such as naturally occurred 
in a first essay, the probable error of a measure, either of dis- 
tance or position, appeared as small for the photograph as for 
the heliometer, and the general agreement of the two methods was 
most gratifying. The paper in which this discussion was given, 
though presented to the Academy on August 11, i 865 , has only 
recently appeared — a regrettable delay, for it might well have 
been that so striking a demonstration of the possibilities of the 
photographic methw might have insured its adoption by astro- 
nomers a decade, or even two, earlier than has actually been the 
case. Dr. Elkin has now {Astron. your. No. 197) compared 
Dr. Gould^g places of the Pleiades with values interpolated be- 
tween the Kdoigsberg heliometer places for 1840, and the Yale 
places for 1885, and after clearing the photographic results for 
some systematic errors thus disclosed, he finds the residuals very 
small indeed. Of sixty-eight values, only one exceeds o"*38, 
and foity -seven are less than o'' *20, nor do they show any system- 
atic character depending on distance or direction from the centre 
of the field. The prob.atile error of a co-ordinate from the 
photograpliic mcasvtrements, he deduces os : — 

For the brighter stars, d: o"’079, 

,, fointer ,, db o"‘ioi. 

Dr. Elkin concludes, therefore, that *' the smallness of these 
probaHlc errors must be convincing proof that in photography we 
have really a means of investigation for micrometric work at 
least on a par with any existing methods as regards magni- 
tude, and doubtless far sur|>assing them in ease of measurement 
and output of work.” 

The paper on Rutherfiird's photo^phs of the Prrcsepe was 
presented to the Academy on April 14, 1870, and the central 
star to which the others were referred being a small one, instead, 
as in the Pleiades, of a very bright one, which had been, there- 
fore, always much over-exposed, the results were even more 
satisfactory. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 SEPTEMBER 8-14, 

R the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 
b here employed.) 

At Granwich on September 8 

Sun rises, 5h. 261x1. i souths, iih* 5701. 27 9*. ; daily decrease 
of southhig, 2063. ; seu, iSn. 2941.3 right asc. on meridiRn» 
ilh. 8*401. ; dock 5' 3a' N. Sidereal Time at Suoset^ 
1711. 41m. 

Moon (Full on September 9, Ijh.) rises, i8h 37m# ^ loaclis, 

23h. 35m.; seU, 4*1. 44m.^3 right ax:- on meddiMV* 

32 h. 4771^- ; dad. 12' 20' S. 

Right BM. and deoUaaliOD 

Planet. RkMt. 8«uchs. SsU. oanwridiaa. 

h. n. h. m. h. n. Km. . , 

Mercury.. 7 43 13 « 19 1 i* 33*5 - 4 47 S. 

Venus I 49 9 30 17 It ... 8 40*3 .. 18 5 N. 

Mats ... 2 56 10 23 17 50 ... 9 33'5 ... 15 45 Ni 

Jupiter ... 14 50 ... 18 43 ... 22 36 17 S4'6 ... 23 27 S. 

Saturn ... 2 32 ... 10 47 ... tS 2 ... 9 S7 4 - »3 44 ^ 

Unmw.., 8 38 ... 14 4 ••• *9 30 - - 7 

Neptime,. 21 it*.. 5 2 ... 13 52 ... 4 11*7 ... 19 26 K. 

* ladloatM thic th« dslnc isthai oTihs pruidlaf evsniui and tbn satMng 
that of the wUuwing momifig- 
Stj^ h. 

10 ... 19 ... Mercuiy at greatest distance from the Sun. 

NeaytPersei ... ... 60 ... 57 K. ... Swift; streaks,/ 

„ Aldebaran 73 ... 14 N/— « *1 

334 ... J8 ' ■ 
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.. M 
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16 49 N. . 


m 
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15 *37 
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and at intervals of 20 

33 « 
8 

X Sagittaiii... 

17 4*5*6 

.. 27 47 S. . 

. Sept. 9, I 

oM 

W Sagittarii 

*•* 17 57*9 

.. »9 35 S. . 

. *4. 23 

0 ni 

U Aquilie ... . 

... 19 ^3*4 

.. 7 16 S. . 

- *2, 3 

0 m 

If Aquilse 

... 19 40'8 

.. 0 43 N. . 

. n 8, I 

oAf 

X Cygni • ... . 
T Vulpeculss 

.. 20 39*1 

.. 3S II N. . 

. M 8. 21 

0 Af 

.. 20 ^*8 

.. 27 50 N. . 

. 77 9, 21 

0 Af 

R Vulpeculas 

... ao 59*5 

.. 23 23 N. . 

. 7. ”7 

M 

8 Cepbei 

... 22 25*1 

.. 57 S« N. . 

. ,, 10. 22 

0 Af 
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GEOGRAPHICAL NOTES, 


new paradise bird similar to the Great Epimachu!;. Sir William 
procured a female Astrachia stfphania,, the only male bird of 
that Sf>ecies being in the Museum, Berlin. The Governor pro- 
cured several new small birds at Mount Victoria, including the 
identical English lark. Unfortunately, they were eaten by the 
Poljj^esians. Eniomolcglcal specimens were obtained, including 
a milk butterfly. Only a few were captured. 

AccoKDtNQ to a Timts telegram from Zanzibar, the Sultan 
has signed a concession to the British East Africa Company, of 
Lamu and the Ben-Adir coast, embracing all his territory from 
Kipini to Mruti. The concession embraces the administration 
and government of the island and port of Lamu, and of the 
northern mainland ports of Kismayu, Brava, Magadisho, and 
Warsheikh. The comjMny's jurUaiClion is thereby extended 
from the Klver Umba, m the south, to the port of Warsheikh in 
the north, an extent of about 700 miles of coast-line. l.amu is, 
next to Zanzibar and Momt>asa, the most important part on the 
East African coast, and commands the trade of the mainland 
south of Kismayu, and that of the fine waterway of the Tana. 
It has been for years past the scat of a flourishing commerce, 
which is mostly in the hands of British Indian subjects, and it is 
a port of call for the British India Company's steamers. 


From advices just received from Queensland the Colonits and 
India understands that Sir William MacGregor left Port Moresby, 
for the ascent of Mount Owen Stanley, on April 19, in an open 
boat, with a party of fourteen for Vnnaija River, 30 miles west- 
ward. lie arrived safely, and pushed the boat up river for 
eight days, during which period he encountered many difficulties 
in crossing rapids and dragging the boat over rocks. When he 
could get no lurther he camped on the left bank of the river and 
sent Mr. Cameron (bis secretary) back to Port Moresby for 
supplies, with native carriers to cross the mountain. Mr. 
Cameron returned with two 1 >oats loaded with provisions, thirty 
natives, and six Polynesians. All being ready, on May 17 the 
party, comprising forty-two men, left the camp, all packing, and 
the Governor taking the heaviest load, ^'herc were only four 
whites in the party. They crossed Mount Gleason at Eytoa 
Junction, and then shaped a course north-cast by east. At a 
height of 175 feet they crossed Mount Gunbar, next Mount 
KuTwald. Mount Belford was crossed at the Joseph River, after 
which they descended to the Goodwin Spur, and saw (he first 
native house at Goodwin’s Village, Mount Musgravc, where they 
camped, the Governor going ahead with four Polynesians and 
seven natives ; (hen ascended Mount Musgrave for over 7000 
feet to Vanapa River and Mount Knutsford Range, over rough 
country ; they followed a spur leading west. After three days’ 
march they descended the spur, and began (he ascent of Mount 
Owen Stanley on June 9, reaching the tojj on June ii and 12, 
returning to Mount Musgrave on June 10. All hands started 
homewards and arrived at River Camp on June 22. I’hey.Icft 
on June 23, visited a mountain village un June 24. and met the 
steam launch from the Menu England^ which w’as searching for 
the Governor's party, and took them in tow. They arriv^ at 
Mana Mana on the 2Sth, and were taken on to Port Moresby, 
where the party landed after two months, all well. The only 
death that occurred was that of a native. The country traversed 
was very mountainous, and no table-land was discovered. Of 
the geological formation the country is mainly decomposed slate, 
granite, and quarts, with no sign of gold. Specimens of rock 
were collected by the Governor. The climate to 8000 feet is 
moist, above that dry and bracing. Natives were met on only 
two occasions, and were extremely friendly. They were stout 
weibbuilt aien, but no women were ever seen. Cultivation 
paddocks were fenced in. Fotetoes, yams, and sugar-cane were 
pleotifuk ^ ftlso was tobacco. Natives, who were devoid of 
warlike implements, paid particular attention to head-dresses 
made of shells procureil from the natives on the taaiem coSst of 
German New Gdinea. who were showing frtmidly communication. 
Across the Owen Stanley Range the Governor coltccted many 
ept^ens of new plants, amc^ oth^ being some beautiful 

C " w rhododenorons, which helias since sent to Melbourne to 
n Voa< Mueller for report, A great Umber of new grasses 
in Ifnge pntdifS were diaoorered. At Mount Victoria (Godwin) 
ht#oureds(nrer«l birds an4 oneanbnaL which was some* 
UM i native bear, but had a long tall atid dusty-bmwn 
nod black extremities* The eewme lene^b was j feet 6 
bf which the tail wee t Rtot ^ inches. There were five 
ejUm nn «dt theihet, the taB was buehy, wM it was estimated 
‘ ’ Af enIWdj wa« 40 poimd^ The Weds of the 

«s were Ike seow u thbse befoitsecn, except 4s toa 


OUR SENSATIONS OF MOTION,^ 

\UE may distinguish two quite different kinds of sensation of 
I ’ ’ motion, active and i^assive. When we walk or run or 
I row, we use our muscles, and this use of out muscles is the cause 
of our motion, and also the cause of special sensations which 
may in a sense be called active sensations of motion. But we 
have other sensations than these connected with motion. For, if 
we are carried, or rocked in a boat, or dropped from x height, 
we arc not only moved, but we are conscious of a very weH marked 
sensation which we may call a passive sensation of motion. 
When we move ourselves we feel both kinds, and it is difficult 
for us to analyze what we feel and distinguish between our sensa- 
tions as movers and our sensations as moved. It is to our passive 
sensations of motion that I wish to direct your attention to-night, 
and as these can best be examined in cases where they are not 
complicated with the other kind, we shall confine our attention 
almost exclusively to passive motion-— that is, to cases wh.re we 
are moved without any exertion of our own muscles. Now the 
first thing 1 have to say is in at all events apparent contradiction 
to the title of this lecture : it is that we have no direct sensation 
of motion as such. That this is so will be at once obvious if we 
consider the fact known to ad, that we are at this moment being 
moved with very great velocity through space. We know that this 
U so, aslronomcrs can prove it, but we are so perfectly unconscious 
of it that I dare say most of us Here could not point the direction 
in which we are moving; in fact, as we are ignorant of the direc- 
tion and rate of motion of the great system of which oUr solar 
system is, a pari, no one can say how fast and towards what point 
in space we are travelling. W'bat we are conscious of is change 
of motion. It is because the motion of the earth is so steady, 
liccause, although very rapid, its changes are very slow, that we 
do not feel it. 

There are two altogether diflerent ways in which a body can 
be moved. These have been called respectively translatoiy 
and rotational. In iranslatory motion the body is always simi- 
larly oriented. Thus, if we consider motion within so smalt 
a part of the earth's surface that we may neglect the earth's 
curvature, such an object as this desk is subjected to purely 
translatory motion if wc move it thus, so that the same side 
always looks up, and the same side always looks cast. Rota- 
tional motion involves a change of orientation, and is rotation 
fl^ut an axis. This axis may always bo the same, or it may 
change, and the change of axis may be abrupt or may be con- 
tinuous, Moat of tbe motions which we observe are made up of 
both kinds. When we travel by rail— always supposing that we 
sit still in the carriage—we are subjected to a purely transiaiory 
motion only when the train is running along a perfectly straight 
piece pf the line, When it goes round a curve, we are--always 
supposing we tit stUlr-iubjected to rotation as well as to transla- 
tion ; because our iWee no longer continues to look in the same 
direction, but^ as long as tbe train is running on the curve, con- 
tinuously changes the, direction In which it looks. 

Let us examine what we feel when we are passively subjected 
to purely tran^fttory motion. Ax long as the motion Is steady, 

* Ar,nttstcad inexxa^ deHvsnd in tHindSs, by Prbf, A, Crum BrOwn. 
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tUncbftAged in speisd or in direction^ we feet nothingi as has been 
pointed out already. Let ua took at the cane when the speed 
ditangesi the direction remaining theaame. We have to consider 
separately tbrefi dhTerent dtreciions ; (1) horirontat, {2) up, and 
(3) down, becaute we >«haU see tlmt our sensations are dinereat 
in these three cases. With change of speed in horisoniol motion 
wc are all familiar. The starting and the stopping of d train or 
of a steamer give us ample means of studying it. We all know 
dhe jolt of a badly started train. What we feel in such a case is« | 
mainly at all events, due to our body being jerked forward or | 
backward, according as we are sitting with our back or our face j 
to ike engine, but if the train U carefully started we And that i 
our rate of motion may in a very short time be changed from 
nothing (relatively to the earth) to, say, thirty or forty miles an 
hour, without our feeling anything but the up and down rattle due 
to the aliglu. unevenness of the rails. And the same was the case 
til) comparatively lately with stof)ping. Now, however, since the ! 
introduction of the continuous brake, a train can be so rapidly 
stopped— its rate of motion, that is our fate of motion when we 
arc m it, can be so very quickly changed from, say, sixty miles an 
hour, to nothing— that we do feel a strange, not altogether pleasant 
sensation, Experience has taught bs what that sensation means, 
but at hrst it was so novel that experience was ncceshary to in* 
terpret it. It is not a sensation of jolt, the change though rapid 
is not abrupt. What we really feel, although it takes some 
amount of careful observation and some thought to see this 
clearly, is that the direction of the vertical, the direction in which 
a body falls, the direction in which our body presses has been 
changed. We feel this most distinctly if wc are standing when 
the brake is applied ; we feel that if we do not take means to 
prevent it, we shall fall over, and we prevent this by brit^ng 
our body into the line of the new vertical. Our feeling of^un- 
steadiness depends on our uncertainty how long the new state of 
matters *is to last. It lasts as long as the speed is being clianged 
at the same rate, and the deviation of the new from the real 
vertical depends on the rale at which the speed is being changed. 
Our perception of deviation from the vertical is pretty acute. 
Most of us can tell a line to l>c off the vertical when it is inclined 
only a few degrees to it. In ordinary cases we have extraneous 
help in judging. We have walls or chimneys known to be 
vertical, or surfaces known to be level, with which to compare, 
but even when we have no assistance of this kind we are not 
often far wrong. It might be supposed that it is the pressure of 
our body on the floor or ground tltat gives us the idea of the 
vertical, but that idea still exists in cases where we can feel no 
such pressure. If our body is supported in water, or entirely 
submerged, os in diving, w e still have a very distinct, and fairly ac- 
curate notion of up and down, although in such cases, as our body 
is very nearly of the same density as water, the resultant pressure 
on it is sm^ll. Wc shall sec in a little a possible explanation of 
our sense bV the vertical. When the train in which we arc 
travelling runs quickly round a sharp curve, we feel something 
veiy like the Hcnsoiion just describml. And indeed it is due to a 
perfectly similar cause ; the apparent vertical is the direction of 
the resultant of the force of gravity and the centrifugal force, and 
IS, as every engineer knows, more inclined to the real vertical 
as the cur ve is sharper and the speed of tbe train greater. 
In this case the sensation is complicated, because the motion is 
not one purely of translation, but, as already pointed out, is 
compounded of translatory and rotational motion, 

I^t us now look at cases 0/ up and down motion. As we can 
study horizontal motion in the railway trsdn, so we can up and 
•down motion in a lift. Here also we see that it is change of 
motion which we really perceive. For, once tbe lift is started, 
and is moving smoothly and uniformly, either up or down, we 
are quite unconscious of the mciion. It U the start and the stop, 
or the quickening or slowing of the motion only that we feel. 
And the stopping of the upward motion produces exactly the same 
feeling as the starting of the downward motion, provided they are 
equally smooth and free from jerk. It is easy to sOe what are 
the physical conditions here. Just as the acceleration in a 
horizon tat direction inclines the apparent direction Of giavity^ so 
acceleration up increases, ond^cekration downwards diminishes, 
the apparent intensity of gravity. If the lift /s// down, un- 
restrained, its inmates, during the short time the experimeht would 
last, would have no Sense of the force of gravity at all Au Object 

A d froth the hand would hot bdl down to the floor, beCkuae 
>r kself would be fatling at the vei y same rote as the Object. 
And What U true in this extreme case is true also in a measure in 
all eases of downward acceleration. But only in eases of 


fim, for, however fast the lift goes dtiv n, if it moves uniformly, 
withe ut change of speed, the TOdies of those in it press On its 
floor exactly as if It were at rest. Similarly, upward acceleration 
increases the apparent force of gravity. The physical conditions, 
then, of our perception of actolertiuon of translatoiy motion in 
any direction are change in the apparent direction, intensity, or 
both, of the force of gravity. It is a ^trange and interesting fact 
that our perception of downward acceleration— that u, of 
dimmiahed force of grtvity—w more acute than that of accelera- 
tion upward or in a horizontal direction. We feel the starting 
of the lift as it goes down, and its stoppage when it has come up, 
much more distinctly than the start on the way up or the stop at 
the end of the journey down. And when we are rocked in a 
rollirrg steamer, it is the beginning of the downward move that 
is most perceived. 

Having now discussed the phenomena of our sensations con- 
nected wnh translatory motion, let us examine what our experience 
is when we are lurncd round, or subjected to rotational motion. 
Wc execute such movements every minute of our waking life. 
But as with trani lational motion, ?o, and even more, with rota- 
tional motion, it is impossible to analyze our sensations when 
they are complicated with what we feel we do. And in the case 
of rotation a very serious complication is introduced by our seeing 
how we arc being moved. So that, to make a strict examination 
of our sensations in this matter, tlte oWrver mubt ]dace himself 
blind -folded on Lire rolatin^ apparatus, and be passively turned 
round. Or, ii.u in Prof. Mach s very ingenious experiments, a small 
hut with translucent paper windows may be placed on the turn- 
table for the reception of the observer. Just ns we can move, or be 
moved, right or left, backwards or forwards, up or down, so wc 
can be spun round about a forc and aft, a right-and-left, or an 
up-and-down axis, and about each of these axes either the one or 
the other way round. It U plain, however, that we can get simple 
results only in the case of rotation ab<>ut a vertical axis, l^ecause 
otherwise a great complication would hr introduced by the vary- 
ing position of our body relatively to the diiection of gravity. 
Wc shall see that we can get everything we require with rotai .m 
about a vertical axis. Here we find, as in the former case, that 
it i$ only change of motion ihaiia perceivexl. The olwerver sits 
on a chair on (he turn table, faU eyes are baitdaged, and an 
assistant gives the tabic a steady, uniform rotation. At first the 
observer kels the turning quite distinctly, but after less than a 
whole revolution the s«n.salion becomes very indistinct, and, 
while the turning still continues at the same rate, soon disappears 
altogether. If the rate of turning is now increased, he feels it 
begin again, all that h« perceives being the increase ; his per- 
ception of that also soon dies away, so that in a short time he 
may be pinning rapidly round, while he feels completely at rest, 
and is only aware that he has been gently turned round a little, 
two or three times. But if you ndw stop him he feels a tut ping 
round in the opposite way to that in which he really wa.>; tvirning, 
the fancied rate of turning being, at the moment of stopping, that 
of the real turning which has just been stopped. This iuEiaginary 
rotation dies aviay, exactly as the sensation of tbe real rotation 
did. Now, vjfy nearly the same thing takes place, whatever 
the position in whith the head ts placed during the experiment, 
if the head is kept riMly in tht same positwn during the whale 
of the experiments Let us look at a case m which the positron 
of the head is not kept the some during the experiment. The 
observer sits on the table, with hU head iuclined to one side, so 
that the line from ear to ear is vertical. He is now turned 
uniformly round ; as before, he feels the turning at fust, but a.s 
the uniform turning goes on the sensation dies away. When he 
feels perfectly at rest, let him give tbe wonl to stop, and at the same 
instant raise bis head into the ordinary position. He will now 
feel as if he weie befog lumed abbut tne line, from ear to 
that U, now, about a^borisontal axis. If his right ear was down 
When he was actually being rotated, «hd if ihe turning was dfith, 
the bands of a watch lying with its fhee up, then the imhgfowy 
rotation win be the opposite way mund^he will feel as if nis 
head were going forward and his feet back;. This sensation will 
last only a .'hort tiin«,^ but there is a risk in trying the experintent, 
that tbe observer nmy try to correct this alarmirtg overtosn by 
ibfowfog himself :hi^W*rds ; if hc is nervaiw it may t^.rtlpre 
be as well to havd him sfrapped to ih* chair. Whatever ijisf fo 
the bead we make vartfoal While the laol rotation M ROm ^ 
is, .whatever line fo the head wt i»»k*«heiMtU*o7 the 
rotAlfoot^bttt line is tlieaxis tt the apparmit rotatipn^wWim'i'i^e 

fed when the real lotaden stopil, Jh^ver wd ippy. i^e; our 
I bedo At the time of i^e/atoppi^. ThereJs a 
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dt^tuluQg <>n this principle, which I have seen played. The suh> 
j#ct pT tiw joke, wM of course, to be a person not con- 

versant with the laws of the sensation of motion, is asked to hoM 
a^oker upHght on the floor, atnl, placing his forehead on the lop 
Of it, to walk three times round it, rise up, and walk across the 
room. .His march round the poker is a rotation about the 
foT«-and"aft axis of his head ; when be rises up he feels the con* 
traiy imaginary rotation, about the same axis, now, of course, 
horiBontal, so that, if he went round with the sun,:he fails to the 
right, and to the left if he went round the ot)*er way. In a 
very interesting experiment with the turndablewe have a com- 
bination of real end apparent rotation. Lie down on the tabic, 
Sfty on the left side, so that, the left car is vertically under the 
right ear, so making the light-and-left axis of the head the axis 
01 rotation ; let the table be turned round at a uniform rate, wait 
until all sensation of .rotation has ceased, and then, while the 
uniform turning is still going on, roll ymufself over on your back. 
You will tbcjji expenence a very startling sensation. The new 
axis of rotation of the head is the fore*an<baft one ; there was 
norotationaboutit before, ihortforeyou feel that real rotation, the 
real rotation about the old axis— right-and-left --has just ceased, 
therefore you feel the imaginary nppoMte rotation. The sudden 
occurrence of the combination of these motions, felt as real, 
resulting from a cauw© so .seemingly inadequate, roiling from your 
side to your back, gives rise to on almost dicadful sense of 
insecurity. 

Thus then in rotational as in translational motion it is change 
of motion, what is technically called acceleration, which we per- 
ceive There are two questions which naturally arise in this 
connection : (t) What is the use of this sense? and {2) What is 
the organ of this sense, and how does it work ? What is the use 
of it ? Everyone will, 1 nm sure, admit that it must lie of great 
use to us to have a constant knowledge of the direction of the 
vertical ; to have, as it were, a private level of our own, which 
we cannot mislay. As to our sense of rotation, it is to it chiefly 
tliat we owe what we call our knowlc<lge of the airis ; it enables 
us, as we walk about on winding road«, or through narrow 
crooked streets, to retain some idea of the real directions But 
the chief use, no doubt, of the sense of rotation is to enable us 
to control and regulate the rotatory movements of our head^ — 
movements we arc constantly making as we look about us. It 
may be asked, in these short quick movements of the head., 
where is the secondary sensation of turning the other way which 
I described ? W e never experience it nt all. Mach has very clearly, 
and with great penetration, explained how this comes oi^out. 
These quick movement'!, our habitual movements of rotation, are 
so short in their duration, that during them we do not conic to 
feel that our head is at rest. The sense of the original real ro- 
tation is still vivid when the rotation is slopped, so that the 
secondary sensation of an imaginary motion the other way round 
merely annuls the primary sensation, puts an end to it when the 
real rotation stops. Without such a stopper of sensation we 
should go on feeling the rotation for a short lime after it was 
done. ^ ^ , 

"What U the organ of this ?ensc ? There is in our head a very 
remarljtftble organ which has been for long a puzxle to physio- 
logieta, an organ which is found not only in our head«» but also in ^ 
the heads of mammals, of all birds, and of all but the very 
lowest fishes (and even In the very lowcU fishes it occurs in a 
less developed form),, This organ is so closely related in posi- 
tion to the organ of hearing, that it was long supposed to be a 
part of it; and we sbsll see what attempts were made do explain 
it ae an organ of bearing. I shall give as short tt description of 
it as is oompatible wUh making it plain how it can act as the 
(Wgan of the sense we have been considering. I must at the same 
ti^fne confess that in sdme points our knowl^ge of the matter is 
stitf imperfect, and that much has cttll to be £>ne before we can 
cxi^in its at^ion as fully as we can that of the for instance. 

The otgandn question is lodged id a bony cavity continuous 
with tbav which contains the organ of hearing, and for this 
reiiaoii was long, and perha|>s by some is atitl, rtrgarded as itself 
hfwlng something to do with the pWeption 4>f sound. This 
c^hV In fhehawst bone in our head consist# of four parta -the 
^ the thiw semiclrctdiir canal**. The vestibule is 
thimb^r, htman abont ^ of an Inch lor^ and f of 
ah' broad and deep. In its walls are flveppentnisleading to 
These are Ymnielis in tha bone having an 
eitoMc^lilittTar esn4:into the 

™ Hne <if each ppnaflieanidiHy ihone^pfanei 
the plane of the an»d. At one and of each 


canal there is an enlargement called the ampulla, rheplaneaof 
the three canals are approximately at right angles to one another. 
The canals are named from their position — the horizonial, the 
superior, and the posterior ; the two latter unite at ibeir non^ 
ampullary ends before joining the vestibule, so that there are 
five and not six openings into the vestibule from the canals— 
three anjtptd la ry, one for each canal, and twonon-ampullary, one 
for the horisonfal, and one common to the .superior and ihc pos- 
terior canala .The plane of (he horizontal canal is nearly hori- 
zontal in the ordinary position of the head in all animals, and is 
therefore at right angles to the mesial plane : the planes of the- 
two other-canals make nearly equal angles with the mesial plane. 

In the bony labyrinth just described there is inclosed a mem- 
branous labyrinth of a generally similar form. It consists of the 
utricle, lodged' in the vestibule, and of three membranou.s canals, 
each furniBbed with a, membranous ampulla. The mem bra nous 
labyrinth does not fit tight into its bony case. The utricle is much- 
smaller than! ihc ve.stibule, which contains, bc.sidtfR, the saccule, 
an organ connected with the cochlea ; and the diameter of the 
membranous canaU, except at the ampul I m, is much less than 
that of the bony canals. The membranous ampullae, on the 
other hand, nearly fill the bony ampullje. The entire cavity is 
thus divided into two spaces, one within, the other around, the 
membranous labyrinth ; each is filled with a liquid, the endo- 
lymph and the perilymph. The nerves are distributed to one 
spot in the utricle, and to a crescent -shaped ridge near the 
middle of each ampulla. The nerves end in hair-cells* the hairs 
of which project into the endolymph. The matula aiuMica^ the 
x|)ot in the utricle to which nerves are di'-trihnted, is covered 
with a gelatinous layer in which are embedded small crysiaU of 
carUinate of lime. 

Everyone must see that an apparatus so pnirpose-like in its 
arrangement must h.ivc n use, and this use must be one applic- 
able to all the higher animals. 

It wan long supposed that it had to d > with our perception of 
the direction ‘from which sounds come to us. The irlca is not 
unnaimal, and is obviously derived from the nearness of the ap- 
paratus to the organ of hearing, and from the relation of its form 
to the three dimensions of space. No explanation has ever been 
given how it could serve this purpose ; and we can easily show 
that it does not do so by experimentally siiowdng that we have 
no means of ascertaining the direction from which a sound comes 
except by two or more simultaneous or successive observations. 
If a sound is heard louder in the right car than in the left we 
conclude that it comes from the Hclu, and by turning round the 
head we soon get a snlhcient number of observations to enable 
us to judge of the exact direction. If a .short sharp noi.se i& 
made at a point equidistant from the two ears, we do «£?? know 
the direction from which it comes unless we see what causes it. 

Hut the apparatus is admirably fitted to act as the organ of the 
.sense of rotation, or rather of the sense of acceleration of 
rotatory motion. Let us first consider tlie action of one canal. 
If the head is rotated about a line at right angles to the 
plane of the canal, with the ampulla lending, you will see from 
looking at the diagram that there will be a tendency of the 
endolymph to go from the utricle into the ampulla, and of 
erilyropn to go from the space between the bony ami the mem- 
ranous canals into the utricle. These will conspire to stretch 
the membranous ampulla where the nerve- endings are, and we 
can easily see how this will .stimulate the nerves, and send a 
message to the brain. But this stretching will not tahe place if 
the head be rotated the other way about. In that case the tendency 
of the fluids will be in the opposite directions, and will rather make 
the ampulla less lightly stretched, and we can readily suppose 
that this may not stimulate the nerves, and no message will be 
sent to the bixiin. One cwial wdll tbu# be able to give indicationa 
of rotation about one axis, in one of the two ways round. But 
for each axis we have two canals, one turned the one way and the 
other the otimr. And as by means of three rectangular axes we 
can represent any rotation, so any rotation will be perfectly re- 
cognized by means of the six canals. That this is actually the 
function of this omo is further proved by the effects of injury or 
disease. One far i» attacked by inflammation while 

the other car is uixafifetted. In such cases Ihf patient Rtiffcrs from 
per&jstent vertigo— tbat is, aense of rotation where no real rotation 
occurs. This ia, at leasts ofit form of what is known as Meniere's 
disease, so-called .from the name of^ the physician who first dreW’ 
the attention of medical men to dt. Now it is obvious that, if the 
six canals act in tljie way I have indicated, the pathological 
irritation of. the three canals of one ear wUl produce a sensatkm 
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of rotation about an axia tho position of which we can foreull from 
the reiative positions of the planes of these three canals. And 
clinical observations on perms suffering from this disease show 
that the vertigo actually is about this axis. Deaf-mutes are persons 
who from a ver^rly have had no sense of hearing at all. This 
condition may arise from the imperfect development of the organ 
of hearitigi or from its early destruction by disease. In either case 
it often happens that the organs we have been discussing, from 
their nearness to the organ of hearing, are involved in the mis- 
chief and are also imperfectly develops, or destroyed by disease. 
Deaf-mutes have therefore not unfrequently the semicircular 
canals in a state unfit for use. Experiments have l>een made on 
deaf-mutes with the object of testing the accuracy of their sense 
of rotation. Those who have made these experiments report that 
many deaf mutes are insensitive lo rotation. If these obaerva- 
tioDB are confirmed, the theory I have just been explaining will 
receive a very great sup^rntt. 

In order to illastrate this theory, and to show that the principle 
on which it is based is a sound one, I have devised a sort of 
working model which 1 shall now show you. 1 may say that 
when I accepted your invitation to lecture here, and had selected 
the subject of our sensations of motion, the idea occurred to me of 
making a sort of working model of the semicircular canals. The 
difficulty was to find an Instrument- maker who could help me 
over the obstacles which always lie in the way of a designer who 
is not himself an engineer. I take this opportunity of thanking 
Mr. Alex. Frazer for his help in this matter. He at once under- 


stood what I wanted* and so gave me the nse of his skill and 
experience that the instrument here is exactly what I intended it 
to be, and a great deal better than my most sanguine hopes. 

The model, as pe]diapi you will better see from this somewhat 
diagrammatic drawing than from the machine itself, consists 
essentially of two heavy wheels, placed side by side, with their 
axes parallel, in a frame which itself can be turned round about 
an axis parallel to that of the wheels. These heavy wheels 
correspond to two parallel canals, say the two horizontal canals. 
As it LB the inertia of the fluid in the canals which enables them 
to work, so here it is the inertia of the heavy wheels. Each 
wheel has a stop, which altogether prevents its turning, in one 
way round, beyond a certain ]>olnt. The one wheel is thus 
checked in turning the one way, the other in turning the other 
way. Each whem is just held against its stop by a spring which 
is stretched when the wheel turns away from the stop. Each 
wheel with its stop and spring is as nearly the mirror image of 
the other as it could be made. When 1 turn round the frame, 
both wheels tend to lag behind the rotation of the frame, on 
account of their inertia. One of them cannot lag behind at all 
because of its stop, and the other cannot lag much Mhind because 
of its spring ; the stronger we make the spring the less can it 
lag behind. This logging behind is, of course, a turning of the 
wheel on its axis, relatively to the frame, in the opposite sense 
to that in which the frame is turned. As we continue to turn 
the frame with uniform speed, the spring brings the wheel back 
to its original place against the stop, and further rotation at the 



same rate makes no change in the relative jmsition of the parts 
of the machine. Hut if we now quickly bring the frame to rest, 
both wheels in virtue of their inertia tend to continue their rota- I 
tion ; one, that one which made the relative movement before, 
cannot continue its rotation because of its stop ; the other can 
rotate a little, not much, because of its sprioc-- it turns a little, 
but is soon brought back to its original position against its stop j 
by the spring. You will easily see that just as in the model the 
inertia of the wheel corresponds to the inertia of the fluid, so ; 
here the stretching of the spring corresponds to the stretching of { 
the Apulia. All that we want to maxe the model complete is 
to find some way of making the stretching of the spring visible, I 
something which shall correspond to the message sent to the brain. 
You cannot easily see the stretching of the spring while the fiame is 
turning round, and it was necessary to devise some way of making 
it visible. We must here leave the analogy of the living organ. 
The brain turns with the labyrinth, but we are the brs^ of tbU 
machine, and we do not tnro with it. After a good ded of oon- 
siderdtion, and after thinking of and rejecting a good xnany plans, 

I fell upon the one X shall now show you. In the lower end of 
the axle of each wheel there is fixed a stop-cock* through which 
gas can pass firom one p^e to another. When the wheel is 
against the %top only a ve^ little gas passes— juat enough 
prevent the Jfet gedhg out When the wheel tuitis away from its 
stop, the stop-Gotk u opened, and the stop- cock' is ^ adjusted 
that the quantity of gas pasrifig shall be roughly in propofiioa 
to the stretching of the afWhig. Hy a contrivance indicated in 


the diagram, the two gas pipes, one from each stop-cock, are 
brought through the axle of the frame and led each to a gas jet 

Now, when I begin to turn the frame one jet flares up, but as 
I continue the turning, as nearly uniformly as 1 can, you see the 
jets remain at their muiimum, Which 1 shall call zero of sensation. 
Of course 1 could have made this zero the zero of gas too, but 
then we should have needed a subsidiary flame to light the gas 
when the stop-cook o^ed. I now stop the frame, and yon sec 
(he other iet flare up for a little. That corresponds to the second- 
ary imaginary rotation which we feel when a real rotation is 
stopped. I ought to apologize for so ofien calling this a 
secondary or imaginary rotation. I hope you all see now that 
it is as really an dcciUrAtioH in the strict meaning of the word at 
the original start from rest. 

I have taken this qnestioti—What is the organ 1^ meanl oC 
which we perceive acceleration of r^ttU&ty motion ? — first, he* 
cause it has been moat fully worked out We now oomb to tiie 
queftion. How do We perceive acceleration of tranriatiHy motion f 
This, as We have seen, is the same as the question* How do we 
by our senses recognise the direction and estimate (he intensity 
of what is to ns at the moment the force of gravity } A very 
natural su^estion as to the way in whick we peromve thft^ ip* 
tensity of tn^is force it that it is a nkin sensation ; that It U hy 
the greater or less pressure wbich we ieel on that part of 0 ^ 
body which rests op our supports Vtofi Mwdi* to whose CMti* 
ments X havw had OiAen tb mferi afid to whom wh^ fim 
than to any other fhbetiiiat^;onr knowledge Ofihe 
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ject of the lensation of motion, has very clearly proved that this 
18 not the case. Eveiythlng we know as to this sense leads os 
to look for its organ in the head. And there is an organ which, 
to some eatent, at all events, seems to he what we are in search 
of. The macula acuslka in the utricle is a spot well furnished 
with nerves, and we have n>t found out any special function for 
it. There is a similar macula in the saccule, that other mem- 
branous bog contained in the vestibule. Mach has suggested 
that the macula ot the utricle may be the organ by means of 
which we perceive acceleration of iranslatory motion. Let us 
look at it, and see how far it is fitted to act as a level. lU length 
is stated by Prof. Schwalbe to be about 4 of an inch, and its 
breadth a little less. According to the same observer, it covers 
a pan of the floor, the anterior wall, and a part of the external 
wall of that part of the utricle called the ** recess.’* Its nerves 
end, as has already- been stated, in hair-cells, and these are 
covered by a gelatinous substance filled with a fine powder of 
crystals of carbonate of lime. What is interesting to us in this 
description b that it looks in three directions, ana that the whole 
of it b covered with a powder of considerably greater density 
than the fluid (the endolymph) with which the utncle b flUecL 
Let us try to imagine a model of this structure. I^t us take 
A box of gloss, so that we may see what goes on in the inside of 
it. Let us put on a port of the bottom 01 the box, on the end 
of it, and on a part of the side of it, a layer of thin jelly mixed 
with fine sand. Fill up the box with water, and put on a lid. 
We shall find that we have an apparatus that docs to some extent 
answer the purpose of a level. When we change its inclination, 
the jelly but for the sand would indeed have very little tendency 
to change its position, but the sand, being specifically heavier 
than the water will, and will either move through the jelly If 
that is thin enough, or pull ih2 jelly vdih it. In any case, a 
change of position of (he box will involve a change in the relative 
position of its contents. In the actual case of the macula acustica 
such a change in the relative position of the sand and the hair- 
cells must give rise to an irritation of the terminations of the 
nerves, and send a message to the brain. We cannot as yet 
work out all this in detail, as we can the way in which the 
canals give us information as to the acceleration of rotational 
motion, but we know enough to turn our attention to the subject ; 
and we may hope that, by more accurate study of the sensation 
phenomena and by comparison of them with the anatomical 
facts, thb important and interesting physiological question may 
be satbfactonly answered. 


ON THE GEOLOGICAL HISTORY OF THE 
PREHISTORIC FLORA OF SWEDEN 

■pIFTY yean have passed since the Danbh Professor, Japetus 
L Steenstrup, presented to the world hb masterly researches 
on the hisiorv of Denmark’s peat-bogs. These researches clearly 
demonstrated that the forests of Denmark had suffered remark- 
able variations. The oldest forests had consisted chiefly of 
aspen {Populus tremula), next, for a long period, of Scotch fir 
(Awttj syhettris)^ then of oak, and, finally, of alder {Almts 
glutimsa). Remains of the boech---now Denmark's chief species 
of tree — are, however, entirely absent from the peat-bog. Con- 
sequently, it must have been the last to immigrate. It was a 
natural surmise— and one even advanced by Steenstrup— that the 
dhangM referred to were connected with a ^adual softening of 
the oUmate, a view defended, too, by Prof. Forchhammer. 

But Steenstrup's researches were in advance of their time ; 
glacial geology was only in its infancy, and voices were there- 
fore raised both in l>enmark and SwMen tdatming to interpret 
these changes in the forest vegetation as one of Nature's great 
systems of evolution, whereby one vanety, so to speak, prepared 
the soil for the next comer, without any tcJhrence to climate. 
However, (hb view has now but en bbtoricol Interest. For, 

rof the Glacbl age has become 


more and more enlargedL end 
Sh Scania of a.ttwe, Arctic “ 
depoiiu of that province, a , 
Ihe dmngee of ollmitib and 


ince remains have been found 
bedded in the Iresh-water clay 
I to Steenstrup's theory that 
vegetation were related was 


but notuml. Itmeo, the same Arctic flora was shortly db- 
covered Ondenieatn the aspen layer in the Danbh peat^ht^i, 
sq. that the ,i»pen dora cannot W cegardod as: the first a'ter 
% Glacial By t^grets, as the Tee meltedi fh* deiiuded 
hMiSjod by the Atctte flora wath. Tint, 

the aitd a fomst v^geta^ 


tion could flourbh, the aspen and the birch immigrated, and in 
turn the pine, oak, and alder. Each one formed in its day the 
forest of Denmark, and they were naturally accompanied each 
by its own peculiar undergrowth of shrubs and plants. Enor- 
mous ages elapsed between these events. The remains of the 
peat-bogs show that generations upon generations of grand firs 
nourished before the oak immigrated and before the pine flora 
was at last ousted. And in its turn the oak reigned supreme 
during countless ages, until that, loo, was extinguished by the 
alder and the beech. During the fir period, the men of the 
Stone Age spread themselves over the land ; when the fir was 
supplanted by the oak, the Bronze Age began. If we bear in 
mind how exceedingly slow the extension of the oak and the 
beech is, we can form some idea of the immense lime that must 
have elapsed since the Ice age. 

Therefore the flora of Denmark consists entirely of the off- 
spring of immigrated plants. Many of the species which 
appeared in the country did not remain ; to them Denmark 
was only a station on the road towards higher latitudes. This 
was, for instance, the case with the greater portion of the Arctic 
flora, as well os with the fir. From the beginning of the his- 
torical period the beech has flourished throughout the whole 
country. 

In Sweden, in districts rich in calcareous matter, tuff strata 
are deposite<l from springs which, by their contents of carbonic 
acid, contain carbonate of lime. When calcaieuus water is 
exposed to the air, the carbonic acid gas evaporates, and the 
carbonate of lime is precipitated in the lorm of a white deposit, 
which soon hardens to stone. Such a deposit is therefore par- 
ticularly natural aiound the mouth of a spring or in some pool 
into which the calcareous water is discharged. Consequently 
the leaves or other remains of plants growing around are 
covered, soon after falling into the water, with a thin coating of 
chalk, and allhouph they are by degrees destroyed, this' imprint 
in the clialk remains— often so distinctly that the finest fibres of 
a leaf may be traced. 

A necessity for the formation of calcareous tuff is therefore the 
presence of calcareous rocks, whence the water may draw the 
lime. And, indeed, with us all calcareous tuff deposits, os far os 
we know, are confined to where the chalk formations are richest, 
as, for instance, Scania, Western and Eastern Oothia, Jemtland, 
Aogermaoland, and Asele Lappmark. 

The greatest in extent and richest in leaf imprints are the old 
well-known tuff strata at Benestad, in Scania, north of the town 
of Ystad, They were formerly largely worked for building 
purposes, as, for instance, for several churches. The tuff is 
referred to by early writers as rich in leaf imprints, but 
in their writings a serioux error crept in, viz, that even 
leaves of the beech weie imprinted. This is wholly without 
foundation. 

In consequence of the quantity of stone removed, it is now 
impfissible to fix precisely the nature of the stratification, and 
wimt we know on this point is due to the particulars supplied by 
Baron Claes Kurck, who carefully examined the strata. Hts 
researches fully confirm the views of the writer, expressed as far 
back ax 187 i, viz. that the oldest strata were deposited whilst the 
aspen was the predominating tree in the districts, and before the 
fir had immigrated. Kurck has also found here traces of biroh, 
grey sallow {Salix cintrea)^ and possibly the common sallow* 
{^Salix caprti(). Alwve this stratum we come to the fir, deposited 
when that predominated. The imprints of the fir, in the shape 
of needles, branchci, bark, and cones, show that this tree grew 
cto^-e by the springs. Mo&t cA the tuff dates from the fir period, but 
during the saipe a^ other ^des of trees gradually immigrated, 
of which indications are l^nd in the lower parts of the fir 
deposit. From these the National Museum possess a rich col- 
lection, chiefly made by Nordenskiold in 1873. It contains 
several rare species of plants, and the imprints of leaver are to 
remarkahlv clear that the collation is one of the greatest orna- 
ments of the pnlficontolcgical section. 

Of the trees which flourished contemporaneously with the fir, 
we learn from Kurtk that the birch, mountain ash {Sorbusi 
aucuyafia), Salix caprea^ and Salix auriia^ were the oldest, and 
the hazel but little youn^r. To somewhat later strata he refers 
dog- wood (CcrffDif and berry alder 

^41}, and ^ believes that the remains fouDd of Dutch rush 
hytmaUy^ ami the gucl fer rose ( Vibui-num opului) 
also date from Um same period. If this be the cose, it is prob^ 
able that some leaves in the Nordenskidld coUeciion of haw- 
thorn (perhaps Cr^icfgHi mmDtgyna) al^ belong to this stratum. 



the fipeoieB named also appear tn this collection. 
The laier atraia from the fir period are, aceortUag to Karck, diti- 
tinitttbhed by a quantity of leaves of the mountam elm {ViMUs 
fmH^anay Loafes of hoael, birch, a^pen, are also found ; 
whiUf, for the first lime, leaves of the lime (7\/ia /tarvi^ 
fc^Ua) are met with, but very rarely. Jn this stratum Kurck has 
also found the common bracken aquilina) and tn^idow- 

kweet {SMta-a uhnaria). Some leaves of the aider he believes 
to be still younger. 

Besides the species named — which are all found with rema'us 
of the fir — are some others. Already in NordenskioM's col- 
lection notice was attracted to'|>ortions of a stratum in which 
the fir was absent, and which in a measure differs in appearance 
somewhat from the rest of the tuff. These portions contain 
leaves of the mountain ash, the common oak (Quercus peduncu' 
Vd/d), viz. hazet, lime, nalix, and birch. This stratum has been 
re-discovered by Kurck, and is, as might be expected, younger 
than those named. It may be added that, according to earlier 
writers, leaves of the maple {Acrr platanoidts) have also been 
found at Benestod, but latterly none have been discovered. 

It would seem, then, that there is at Benestad a counterpart to 
the Danish aspen, fir, ami oak periods ; but we cannot quite say 
that hs regards the second periext. There is, for instance, nothing 
to prevent the fir having vegetated, through some accidents 
•causes, at Benestad, even Huriug a part of the oak period. This 
is the more likely aa we find the tree at the present day in Northern 
Scania. If, therefore, on the one hand, it is certain that the elder 
pine strata at Benestad belong to the true fir period — the time 
oefore the immigration of the Oak— it cannot, on the other, be 
denied that the younger section of the fir strata may have been 
deposited already when the oak immigrated thither. That some 
of the fir-bearing strata must have been deposited relatively late 
seems evident Som the presence of such plants as dogwood, 
hawthorn, elm, &c. However, the problem will no doubt be 
final' y solved when once the peat-bogs of the province have 
been palceontologically examined. 

Of the beeches and hordbearas {Catpinus Muius), now com- 
mon in the district, there are no traces in the strata, and although, 
the springs still yield plenty of water, there appears to be no 
deposit of calcareous tuff whatever. Tnus, all we are really 
able to say respecliog the palaeontological remains in the fir 
period at Benestad U that these plants immigrated before the 
beech, and, most probably, even ^fore the oak, and that all of 
them came from the south-west. 

Respecting the flora which flourished in Scania previous to 
the aspen and fir periods, we know its characteristics through the 
vegetable remains in the freah^water clays of the province. They 
display a rich Arctic flora, comprising Dr^as cttopfialdy Salix 
p&far-is, rttknlata^ nana, Oxyria digyna^ &c. 

An animal fossil must also be mentioned, only recently found 
among them, viz. Apus ^lacialis^ now contmon in Spitxbargen 
lakes, but which in Scandinavia is not found south of the lakes 
in the Dovre Mountains. 

In proportion as the inland ice melted, the Arctic flora, 
so rich in varieties, advanced, but as the climate became 
milder this flora was replaced by the forest vegetation immigrat- 
ing from the south, and, at^ all events at Benestad, the trees 
followed each other in the same succession as in Denmark, vi*. 
aspen* fir, oak, whilst the beech immigrated Considerably later. 
It is moat probable that the forest venation followed in the 
same order in the whole of Southern Sweden, but we do not 
know this with certainty. For we still know too little respecting 
the remains of plants in the peat-bogs of Southern Sweden. 
That we are far behind In this respect is chiefly due to the cir- 
cumstance that in Denmark the peat-bogs ate turned largely to 
profitable account. 

Of the calcareous tuff strata in the province of West Gothia 
we know unfortunately very little. They are, however, small h> 
extent, and contain only remains of trees still founi in the neigh- 
bourhood, viz. hazel, salix, and aspen. Near the Eskeddl rail way 
station there is certainly a very large deposit, but not of 

continuous tuff, but of loose calcareous d^bris^ which does not 
retain imprints. ' 

Jn East Gotbia we have two calcareous formations, oOe tmat 
Vreta cloisteT, wbiuh appears to be of a rather recent date, a< it 
contains salix^ hazel, oidc, and lime. The other, north of ¥ad* 
atena, is, However, much older, and therefore of great interest. 
Tins contains, among other remaine of a pure Alpitie Plani» 
pPryat O€t0pet0la (Uv which we already know froin the Soatiia 
fossil glacial flora, mides dwarf bir^ wisMa}, and 


perhaps also BBuk sWrrWfv/M. There are also leaves of several 
varfetles of willow, bkOh (BtHt/a otkrufa), cri>wbcrry 

uU^ftosumt aitd fir needles. The diiicovery of Dryaf 
in this locality is of the highest interest; and importance, «s it 
leads us to hope that we may discover in other parts of Sweden 
between Scania and Jemtlond remains of an Arctic flora, which, 
judging from the discovery referred to, must, at all events partly, 
hare advanced from the south through the whole county. For- 
merly we did not possess a single palaeontological proof liom this 
part of Sweden in support of this assumption. The discovery 
IS also of great interest in another respect, inasmuch as it #hows 
that Lake Veltern must have become separated from the Baltic, 
with which it was once connected, at a lime when the climate 
was Arctic — an assumption in full accord with Prof. S. Lowfo’s 
discoveries respecting the Arctic Sea fauna that to the ^ircsent 
day is found at great depths in this lake, 

'Flic Jemtland strata have of late been examined by Herr A. 
F. Carlson. This province is rather rich in calcareous tuff de- 
posit?, some twenty localities having already been disovered. 
Here, too, the first forests appear to have consisted of aspen, 
birch, chiefly Bttula odorata^ and fir, of which latter remains 
have been found in several places, In four localities Vtyns 
octopitala have been found, and in two Salix nticulata^ both 
of the Arctic flora. As the former were found at Fillsta 
and Digeruds, in Sunne parish, and the other at Semla, in 
Moraik parish, it, would appear to be proved that the Alptnc 
flora of leratiand formerly had a far greater extension within 
the province than at present, and that at that period it reached 
as far as the basin of Lake Slorsjo. Without doubt an 
examination of the fresh-waier clays of the province would go to 
show Chat the Alpine flora formerly covered the whole of jemt- 
land. The tuff strata which contain such remains were de- 
posited a little later, whilst the Alpine flora was in ]>roeess of 
being displaced by the forest vegetation, 

The remaining plants that have been found in Jemtland are 
Dutch rush {Equiuium hy^maU)^ salix, several varieties of 
willow, dwarf birch, Btitda inUrm$dia and Ahtui 

incai^a^ crow berry, mountain ash, Sorbm aucuporiay Va<€iniHtn 
u/ipfwstfm, and sea buckthorn {Nipp0phai' rhamtmdcs). 

From the province of Angermanland we know two luff de- 
posits, near each other, but the paleeontological remains are few 
and badly preserved. Here have httherlo been found only some 
lichen, „fir, birch, salix, and willow. 

In Asele, Lappmark, between Langfors and LAnj^sile, there 
arc two deposits — as far as we know the northernmost in Sweden. 
Both are rich in leaf imprints, aud thanks to Colonel N. Sjdberg, 
of Asele, the National Museum has obtained specimens. The 
species are certainly not numerous, but they are well preserved, 
and consist of lichen, leaves of fir, birch, aspen, salix, s:>me 
willows, and Hippapha^ rhammiiUs, 

As I have already stated, leaves of this i>laiit have also been 
found in a spot in Jemtland situated more than 1500 feet 
above sea-level, Here the leaves are found in common with re- 
mains of Dryas, hut whilst the latter now has to be sought high 
up in the mountains, the former is, on the contrary, only found 
by the coast. It is found along the shores of the Baltic, from 
Koslagen fnear Stockholm) to Vesterboiten in the north, and 
the thorny shrub, with its whitish silvery leaves, and yellow or 
chrome-coloured sour berry-ivke fruit, here goes by the name of 
h€tf'th0rn {ut, sea thom)^ In other parts of Central and Northern 
Europe where this shrub grows, it is also a coast plant, but it is 
found beside the glacial rivers of the Alp» ; and ils former 
existence in the foaalitks named in Norrland — right in the 
heart of the country, high above the sea, together with other 
Arctijg plants— shows Indisputably that here also it was origin- 
ally an Arctic plant* But whilst Pryat^ Salix rdUulata^ 
were forced northwards by the immi^ating forest flora, this 
plant, on the contrary, foand a place of refuge on the sea-^ 
shore, where it flourishes to the present day. It seems, indeedi 
hardl)r credible that two nlants now sO widely sepwrated* geo- 
graphically, as Dryaain the high moantnilas and Htp^H^phae by 
the Baltic shore, bnec grew side by side in the heart of tire 
country. 

Haring dealt with Ihe proofii respecting the forYner extenskm 
of the Swedish flora by the palofontokigical raareinaqf 

the cakareous tuff strata, X purpose to touch upoo^ an 
important point, tda. ttMi the spruce immigreted edmpare- 
lively Itte. In iiOvxh^ tuff d^ftm-has trace beon^Mn^ bf 
this tree, and this i^refimstance is tpq unifoym thre^gb^ 'iM 
a matter of aeddeUL Especially peeUtlar are the 
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JAtkUlfltdr where several of the localities in which the palsoonto^ 
k^cat dhtcoveries were made are sorrounded by spruce forests, 
and vdiww the tree grows higher up on the mountains than the 
hr, which is the reverse o 7 what is generally the cose. In 
JWlliued, therefore, the spruce clearly immigrated after the 
fir, and first when the principal tuff formation had ceai^d* 
Whence did the spruce Immigrate into Sweden? It can- 
not have been from the south or from Denmark, for remains of 
the tree are totally absent in chat country*s welNexplored peat- 
neither does it belong to Denmark's present wild flora. 
N«thef can the spruce have come from the British Isles. 
Certainly it appears from paleeonlologtcal evidence that the 
spruce existed m England before the Ice age, but it appears to 
have been extinguished during that age, as it is absent from the 
post-glacial deposits as well as from the British flora of the present 
day. Finally, the scarcity of the spruce in the western par^s of 
South-Eastern Norway fully proves that it did not immigrate from 
the west. There cannot, therefore, be the slightest doubt that the 
spruce immigrated into Sweden from the cast. This assumption 
corresponds entirely with the present extension of the tree cast 
of the Baltic. But this immigration cannot have taken place 
vi 6 Northern Sweden around the Gulf of Bothnia, as this part 
can be supposed to liave had only at a later period a climate 
mild enough for its existence. It is more probable that the im- 
migration took place^^/Vf tbe Island of Gothland on the south- 
east coast, or vih the Aland Islands, off Central Sweden, and that 
the spruce afterwards spread north, west, and southwards. 

It may be mentioned, by the way, that the spruce existed in 
the neighbourh<.K)d of Knkoping at the time when Lake 
Malaren was a bay of the Baltic, and the sea covered the spot 
where the town is now hituated. Of great importance with 
regard to this point is the discovery recently made by Ur. H. 
Munthe, that the spruce wos found in Gothland at a time so far 
remote that the division of land and sea then was wholly different 
from that which at present exists. This seems to speak for the 
immijjration cf the spruce by this road. Further, Dr. R. Ilult, of 
Helsingfors, last summer discovered in West Nylancl, in Finland, 
sub-fossil remains of spruce in a stratum which he estimates to 
be older than the remains of spruce found in Scandinavia, and he 
therefore considers that the spruce immigrated fro n Finland. 

Considering the present and past extension of the spruce in 
Europe, one might be inclined to assume that the true home of 
this tree was Scandinavia, whence it was driven in the Glacial 
age, but this, it is now being demonstrated, was not the case. 

Now, the spruce, in spite of its relatively late immigation, has 
in Sweden spread greatly, forming huge forests; and we might 
be disposed to conclude that in its turn it would extinguish other 
species. Experience from our forests goes to prove that this 
is really the case. Thus, from Southern Sweden we know from 
the researches of Dr. R. Hult in Blekinge that the spruce (except 
in dry localities) generally extinguishes the fir. And reports by 
Flerr C. G. Holmer? and Herr Th. OrtenbUd show that this 
is also the case in Norrbotten, where “the spruce in all more 
favoured localities wedges itself in between firs and birches, 
and ffnally exterminates its predecessors in occupation." Even 
the oak is ousted by the spruce. Prof. Elias Fries states that 
** the spread of our noblest foliage tree is being arrested m recent,, 
times. In a primaeval spruce forest, where there Is no more oak 
in the locality, I have found below an immense layer of moss 
oak trunks of such dimensions that 1 doubt whether there are 
their equal in all Sweden." In Blekinge also similar facts have 
been brought to light, and recently Prof. F. K. Kjellman ex- 
pressed the opinion that “the oak flora formerly hod a greater 
extension in our country, but has been thrust asidt by the 
spruce." 

Although the sprqce is victorious over some species, It is unable 
to conquer the beech. Therefore there iS Uitie chance that the 
spruce wilt taka possession of our southern counties. 

In conclusion, as the r^utt of the known palmODtological 
facts itepectihg the immigration of our flora, we are able to 
ex^press the opinion that the greatest pan of the Arctic flora, as 
the Inland ice melted, Immigrated from ^he south; and that, of 
the various forest trees, the mreh, aspen, and fir came by the 
same roful, forming the counttv's olden forests. From the south, 
too, we must aasutiie that .salix, ropuntain ash, mountain elm^ 
hai^, lime, ^tth acoompanylng i^hs, certain wdtows, guelder 

and the hawthorn 

came,/ nndTrom thn same quarter^ at a Inter jperlOd, theedm- 

t asE, oak, and ivy. Farthhrmore, Still,, the beech and 
lombeam, Mmh from this qunrtet. 

i^ee and the beech both immlg^dd late^ but the former 


from the east. These two foieat trees are at present, in different 
localities, Ibe two most favoured, the beech in the south, and the 
spruce in all other parts as far as the northern limit of coniferous 
trees. But the contest between the different species of trees 
is no longer undisturbed. Foi since man settled in the land a 
new factor has aiUen, and this factor participates both directly 
and indirectly in the contest. Originally slight, his influence 
lias grown greater and greater, and the time may come when 
he will be the arbiter as to the trees that are to form the forests 
of the future. A, G. Nathorst. 

Geological Survey of Sweden, 


AGRICULTURAL EXPERIMENTAL STATIONS 
IN THE UNITED STATES. 

'^HE following interesting information in reference to the c^tab- 
^ lishment of agricultural experimental stations in the United 
States is given in a memorandum recently issued by the Agri- 
cultural Department of the Privy Council, and laid before Parlia- 
ment. An “ Office of Experiment Stations " hajs been instituted’ 
as a special branch of the United Stales Department of Agri- 
culture. For the expense in connection therewith a sum of 
;^200O was voted by Congress in 1S88, to enable the Com- 
missioner of Agriculture to carry out Section 3 of the Act of 
Congress of March 1887, by which experimental stations were 
established. This said section provides th.it, “ in order to 
secore, as far as practicable, uniformity of methods and results 
in the work of the said stations, it shall be the duty of the 
United States Commissioner of Agriculture to furnish forms, as 
far as practicable, for the t.i halation of results of investigation 
or experiments ; to indicate, fiom time (o time, such lines 
of inquiry as to him shall most important ; and in 

general to furnish such advice and assistance as will best 
promote the purposes of this Act, It shall be the duty'of each 
such station annually, on or before Februaty i, to make to the 
Governor of the State or Territory in which it is located, a full 
and detailed reiwrt of its operation, including a slatement of 
receipts and expenditure to the said Commissioner of Agricul- 
ture, and to the Secretary of the Treasury of the United States." 
In 1888 an Act was passed by Congress making an appropriation 
for the Department of Agriculture for the fiscal year ending June 
30, 1889, and for other purposes, appropriating 19,000, in- 
cluding the ^2000 specially reserved for the Commission o( 
Agriculture, for the purpose of endowing and .assisting agricul- 
tuial and experimental stations throughout the country. Beside.s 
this sum, the several States have contributed ;i‘25,ooo, making 
a total sum of 144,000 given from public funds for the support 
of these stations. There are now forty-six of these sta- 
tions in the United State'-, so that, taking an average, each 
station will receive over ^^3000 this year. It is raid, however, 
that several of these stations have sub-stations under them, 
and that there are 370 trained men connected with the stations 
in the prosecution of scientific and practical agricultural experi- 
ments. The first agricultural experiment station in America 
was established in 1875 in Connecticut, and the next in Cali- 
fornia in the year following. In 1879 the well-known Cornell 
University Station was founded, which has done so much good 
work, and tlw equally valuable Wisconsin Station in 1S83, No 
less than twenty-six stations were founded last year, in conse- 
quence of the inducements set forth by the Act of 1887. In ft 
recent Report ns to the organization of these experimental sta- 
tions, a list of the staff of each is given, from which list a few 
examples may be taken to show the extent of work that is per- 
formed, or may be performed. At the Conneclfcut Agricultural 
Station there is a director who is a Master of Arts, a vice- 
director who is a Doctor of Plulospphy, and a chemist. There 
are three oth^r chemists who are Doctors or Bachelors of 
Philosophy, a mycoiogUt, and a practical farmer in chaise of 
grounds and buildings. The staljT of the Dakota Station is still 
more extensive, consUting of a director, n superintendent of the 
farm, a superintendent cf forestry and horticultural experiments, 
an entomologiat, an analytical chemist, a veterinarian, an 
accountant and stenographer, and a librarian. Upon the staff 
of the Iowa* Stftiioii there we two chemists, one for ordinary 
and one for special worki ^ botanist for ordinary and^ special 
work, an entomofogjlsb ft veterinarian, a horticnlturisi, and 
a practical farmer, Tlvs Cornell University Station staff 
comprtm a chemUt, veterinarioo, botanist, and arboricul- 
lurlat* ft horilenliutiat, fln entomologist, a cryptogamic botanist, 
bealdea fto aas^tanjt In entomology, chemistry, veterinary 
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science* and horticnlture. Among the opmdons of these 
agricultuml experiment stations are fertiliser control/’ or the 
analyses of manures* the analyses of fodder and feeding ■'Studs 
drainage expe|j[ments* feeding experiments with farm anitnals, 
observations on milk* the determination ofinjurious insects* with 
remedies against their attacks, fruit culture experitnents, drinking- 
water analyses* ensilage experiments* meteorolo|^, seed-testing, 
analyses of soils and rocks, the culture of various plants fur 
fodder and corn* with other useful work. 


SOCIETIES AND ACADEMIES. 

Paris, 

Academy of Sciences* August 26. — M. Dcs Cloizeaux* 
President, in the chair,— On the molecular tactics of the arti- 
ficial made of Iceland spar produced by Baumhauer by means 
of a knife, by Sir William Thomson. The substance of this 
paper has already been communicated to the Hoyal Society of 
Edinburgh* and will shortly be published* under the title of 
“Molecular Tactics of Crystals,” in the Proceedings of the 
Society. The author also contributes a paper on the cc^uill- 
l>rium of atoms, and the elasticity of solids in Boscovich’s theory 
of matter. — Note on the orbits of shooting-stars, and on sta- 
tionary radiant poipts, by M. F. Tisserand, A calculation of 
the elements (mostly parabolic) of their several orbits leads to 
the inference that the meteoric showers encountered by the earth 
at different times of the year do not all emanate from the same 
relating centre, but belong to different systems proceeding from 
quite independent radiant points. A series of essays based on 
the assumption that the orbits are not parabolic, but elliptic* 
lead to tie same conclusion.— On the relations of atmospheric 
nitrogen to vegetable soil, by M. Th. Schkx^ing. This is a 
reply to M. Bcrthelot’s recent strictures on the author’s negative 
results. These results are here maintained, and M. Schlce ing 
again argues on fresh grounds that there is no fixation of nitro- 
gen ^ vegetable humus except through the actual process of 
vegetation.— Pathogenic properties of the microbes present In 
rnmignant tumours, by M, Verneull. The author stiil adheres to 
the opinion already enunciated in 1883* that these parasites have 
nothing to do with the initial stage of boils, ulcers* cancer, and the 
like. At the same time he does not rward their presence as a j 
matter of indifference, but admits that In certain cases they may j 
themselves possess special pathogenic properiie*, in virtue ot ' 
which they act on the system like septic poisons.— On the pro- 
gress of the zoological station at Roscon, by M. de .Lacaze- 1 
Duthlers. The author speaks in satisfactory terms of the present | 
condition of this station* and of the complementary establishment 
at Banyuls* which have now been placed in connection with 
the Sorbonne. The electric light, introduced at Roscoff by the 
aid of private munificence, is now in perfect working order.— 
The Eiffel Tower struck by lightning, by M. Mascari. A cor- 
rect account is given of this occurrence, which took place on 
August 19* and exaggerated reports of which appeared in the 
daily papers. The conductor was struck, with the normal results* 
showing perfect communication with earth* and consequently 
complete safety of the structure from any dan^ on this score,— 
Observations with the pendulum effected in Russia, by Generol 
Steibnitski, The author reports that the Russian Imperial 
Geographical Society is now in possession of three Repsold 
perjidums* with which the latitude and longitude of Karma* 
kul in Novaya Zemlya and Arohangel, the two nortbemmott 
stations In European Russia, have been accurately determined. 
— Occultatlon of Jupiter by the moon, August 7* 1889, by M. 
Ch. Andr^. The results are given of the three obeervations 
taken at the Observatory of Lyons by MM. Andr^, Le Cadet, 
and Marchand, None of the sateUites disappeared instan- 
taneously* as is the case with stars of the same magnitude 
(seventh). The disappearance of satellites lU., II,* and IV. 
occupied C'S» i"'*! ^ respectively* giving for their 
several diameters o^’'46, 02*30, and o"’i5.— On the angVe^of 
polarisation of the moon, by M. J. J. Landerer, A m^hqd js 
descrilwd by means of which this element has been determined 
et 33* resn!rii« from eleven series of oheerva* 

tions with probable ttm ± 7^ The same proc^ le equally 
applicable to the planet Venpa.— On the solar spots, by M. G. 
Spesrer. Beeidea some brtlUaot protuberances, the huge ipot 
visible from June id tO x« wall observed <m the last day at 
ia43 a.m. at Potsdam. But a photogritph of the same tak^ a 


few minutes before the observation shows no trace of the spot, 
which is replaced by an even depression on the solar rim* 
exactly where the spot had been omrved. An explanation is 
suggested of this phenomenon, — Specific heat of aqueous vapour 
under constant volume* by M, Cb. Antoine. For Regnauii’s 
carves of the form ;r at: A + M// - N/x’, the author substitutes 
functions of the temperature r and of the tension j>, sudi as 
jr « B -f (-/x K deducing for aqueous vapour two deter- 
minations for spedne heat under constant pressure and constant 
volume. Analogous formulas may be obtained for other vapours, 
such as ether, chloroform* acetone, benzene* chloride, and sub 
phlde of carbon. — Papers were contributed by M. L^ Vignon 
on the action of water on stannic chloride ; by M. G. Haulin* 
on the action of phosphates on the growth of cereals ; by M.C. 
Timiriazeff, on the relation between the intensity of solar radia- 
tion and the decomposition of carbonic acid by plants ; and by 
M. Armand Sabatier, on the zoological station at Cette. 
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tHE TECHNICAL INSTRUCTION ACT. 

It 14' the Speech from the Throne at the close of the 
A sessiioD, Her Majesty is made to express satisfaction, 
inUtaiia^ with “the steps you have taken towards the 
establishment of technical education in England and 
Wales,” ahd perhaps the words here placed in the 
Queen^s mouth will do as well as any others to express 
the feeling with which the Government Bill was regarded 
by the friends of technical instruction all over the country, 
and by those who for years past have laboured in the 
cause. Steps have been taken “ towards ” the establish' 
ment of technical education in England and Wales, not 
very complete or large steps, but still steps which ^ow 
that the Go\»crnmcnt, when time and opportunity arise, 
are prepared to go further, and which pledge the present 
Ministry, at any rate, to secondary technical instruction* 
That the new Act goes no further is not necessarily due 
to any lukewarmness on the part of the Vice-President of 
the Council or of his colleagues. The circumstances of 
the parst few years were such that a very laige amount of 
legislation had to be proposed, and if possible carried, 
during the session just ended ; and any Government 
would naturally desire to avoid all contentious subjects 
except those which imperatively called for treatment, 
Unitoitunately, nothing is easier than to revive in certain 
quarters in the House of Commons the heated edu- 
cational controversies of twenty years ago; there are 
still some men whose blood is fired by these antique 
batde«cries, and who think it their duty to ride forth 
to a war in which there is nowadays no real enemy. 
We think that the friends of technical instruction have 
every r^son to be grateful to a Government which, with 
many inducements to do nothing, have yet brought in and 
palO^ a Bill which, with Sir Henry Roscoe^s amend- 
rnents, was supported by all the members of the Royal 
Commission on Technical Instruction who had seats in 
the House of Commons. But, we hear it said, the Bill 
4s a very poor an4 small measure, while the subject is one 
to be d^lt With by a large, comprehensive, and elaborate 
enactment ; the principle of administration is ail 
wrot^, for it divides technical education from the ordinary 
education ol the country, —it should be administered by the 
School Boojrds and by the School Boards only ; it is mere 
pal^, tinkering legislation where it might be heroic, and 
so ott. ; doubt in the best of all possible worlds the 
matter Vodld be different, but here below we have to 
take thtb^ as we find them ; and amongst tbe things 
wMch we dnd, is a legislative machine which labours 
end slowly, and which has to be manipulated With 
a hnndWd and one diffepsat considerations in view. The 
pc jydmtnons Is fiiir, indeed, from , being aii ^deklly 
aeifem for dealing with technical education or 
ipf the kind j but in this, as in most other 
pounbry, Whene ^yetiisln hl1 

the posidoh of the ^^een on the, throne down- 
Is not wktlt we pught to but 
pe tah; Thlhgi do ‘M^if^hg fttlbgrown 

we do not get complete, 

: V VpL. 1037. 


exhaustive, elaborate legislative enactments from the 
British Partiament ; finality is never written on atiy of 
its proceedings ; it never sedcs theoretical perfection. 
First we get one small inadequate measttre ; by and by 
this is enlarged, amended, improved, supplemented, by a 
Succession Acts, spread, it may be, over years, and per- 
plexing lawyers and administrators by their inconsistent 
and contradictory provisions ; then last of all comes a 
reforming official who elaborates all these scattered Acts 
into one homogeneous statute, which he succeeds in 
getting through Parliament just aS the whole becomes 
useless in consequence of some new policy or wave of 
public opinion ; and then the process is all gone 
through again. As to the objection respecting the 
authority administering the Act, we must confess we 
cannot attach any weight to it, in comparison with 
the substantial concession to the demand for technical 
instruction which it makes. It seems to us that it can 
matter very little which particular one of our numerous 
local authorities is to be the medium for passing on to the 
public the benefits conferred by the Act. No doubt 
the work is more within the scope of the School 
Boards ; but to refuse those benefits because, for 
reasons which are perfectly well understood by those 
who have followed the discussion, they come from 
County and Borough Councils and rural sanitary authori- 
ties, would be absurd pedantry — almost a crime, One 
member of the House of Commons was filled with dismay 
at the prospect of the rural and urban sanitary authori- 
ties raising technical institutes out of the public funds, 
although he quite approved of technical instruction. It 
does not appear that a technical institute will be any the 
worse because the money with which it is maintained will 
be raised by a number of men with one long name 
rather than a number with another long name : the public 
gets the institute all the same. Moreover, this point is 
rendered of little or no importance, even in itself, by 
the present position of local government in this country. 

' It is now in a transition stage ; most of the existing 
machinery which has not already been taken to pieces 
will certainly have to undergo that process in the course 
of the next few years, and we feel no assurance at all that 
School Boards themselves will not shortly disappear, to 
be replaced by Education Committees of County and 
Borough Councils, as existing sanitary authorities will 
be supplanted by Sanitary Committees and sub- com- 
mittees. From this point of view, even if a great 
question of principle were otherwise involved, it would 
not matter much which set of authorities under 
took the taAk, seeing that all are likely to be equally 
short-lived, and to be merged soon in the County or 
Borough Councils, as the case maybe. What satisfies 
those true fitienda of our national progress who have 
made this subject their own in Parliament, and who 
are in specially favourable positions for judging what 
is attainaye, will probably satisfy most other sensible 
advocates of technical instruction. In common phrase, 
the Act is “something to go on with” ; it is even more, 
becku|le it hi a that the Government will go 

further in due time,. In an excellent and well-con- 
sidated ardt^e on (he stibject, the (September 4) 
Says it “remains for us to make the best use of the 
systeth about to be established, 10 take note of the 
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dangtrs and drawbacks incidental to it, l^ut not to /or* 
get tbe limitless possibilities for good it ofiTers/* 

and furtberf almost without a struggle is established 
ihe possibility .^ a complete national system of technical 
instruction.^ It is for this that we have reason to be 
thankful to the Government : it has placed the instru- 
ment in our hands, and it is for us now to use it 
efficiently. 


CAMBRIDGE MA THEM A TICS. 

A History of the Study of MoUhtmatics at Cambridge. 
By W. W. Rouse Ball. (Cambridge : University Press, 
1S89,) 


A ugustus DE Morgan, writing more than fifty 
years ago, says that the literary history of this 
country requires separate and minute accounts of the rise 
of science in Oxfbrd, in Cambridge, and in the north of 
England, which should severally end (if it might be no 
later) with Wallis, Newton, and Thomas Simpson.”^ To 
what extent this long-felt want has been supplied by other 
publications, we cannot tell ; but we know of none readily 
accessible to the student of mathematical history, and 
therefore hail with satisfaction the appearance of the 
small octavo volume which is the subject of our review. 

What we should call the study of mathematics at 
Cambtidge is of comparatively recent origin : for, although 
Seth Ward " brouj^t mathematical learning into vogue 
in the University, . . « where he lectured his pupils in 
Master Oughtred's ^Clavis/*** the first Mathematical 
Professor there was Isaac Barrow (Ward’s junior by about 
twelve years), and the lectures of bis illustrious suc- 
cessor were so ill attended tbit! M. Bertrand says; ^*11 
profess trente ans ^ Cambridge sans y former un disciple j 
digne de hii ; la salle du cours restait souvent d^serte le 
jour de sa le^on, et Newton retournait nlors tranquillement 
k ses travaux.’^ ^ Oughtred, whose “ Clavis Mathematica " 
was published in 1631, did not reside long at Cambridge : 
his secluded life is thus described by our author ; — 

** Although living in a country vicarage he kept up his 
interest in mathematics. £<)ually with Briggs he re- 
ceived one of the earliest copies of Napier’s ‘ Canon ' on 
logarithms, and was at once impressed with the great 
value of the discovery. Somewhat later in life he wrote 
two or three works. He always gave gratuitous 
instruction to any who came to him. provided they would 
learn to ‘write a decent hand/ He complained 
bitterly of the penury of his wife, who always took away 
his candle after supper, ‘ whereby many a good motion 
was lost and many a problem unsolved ’ ; and one of his 
pupils who secretly gave him a box of candles earned bis 
wannest esteem. He is described as a little roan, with 
black hair, black eyes, and a great deal of spirit. Like 
nearly all the mathematicians of the time, he was some- 
what of an astrologer and akhemtst. He died at his 
vicarage of Albury in Surrey on June 30, 1660,"* 


Mr. Ball leaves us in doubt as to the natiro of the 
“two or three works written “ somewhat latw in life" 
by Oughtred. Fortunately m are able to supply omis- 
sion from an old bock^ our shelves, whi^^s t^t 
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** Lord Napier, in 1614^ publishing at Edinbtugh his 
‘ Mirifici logaritbmorum canonls descriptio, diis<|ue usus 
in utraque trigonometria, See.,* it presently fell Into the 
hands of Mr. Briggs, then geometry-reader of Grestuim 
College in London ; and that gentleman, forming a design 
to penect Lord Napieris plan, consulted Oughtred upon it ; 
who probably wrote bis * Treatise of Trigonometry^ about 
the same time, since it is evidently formed upon the plan of 
Lord Napier’s ‘ Canon.’ In prosecuting the same subject, he 
invented, not many years after, an Instrument, call^ ‘ The 
Circles of Proportion/ i . . All such questions in arithmetic, 
geometry, astronomy, and navigation, as depended upon 
simple and compound proportion, might be wrought by 
it ; and it was the first sliding rule that was projected for 
those uses, as well as that of gauging/' 

Authorities dififer as to the day of Oughtred’s death : thus 
the “Penny Cyclopaedia' makes it happen on “Jan. 
30th'’ (a misprint, probably, for the same day of June) ; 
in the article just quoted it is “ about the beginning of 
May ; and in the historical introduction to Hammond's 
“ Algebra "® we read that “ he lived to the Age of Four- 
score and Seven, and died then of Joy, on May i, 1660, 
at hearing the House of Commons had voted the King's 
Return." 

I One circumstance compels us to reject this account: we 
: cannot understand how Oughtred, living in the neighbour- 
! hood of Guildford, could know what took place in Parlia- 
ment, on May i, before the next day. But the mere fact 
of his death being currently attributed to such a cause 
illustrates so well the intense political excitement of the 
times in which he lived that it ought not to be passed 
over in silence. It is of more value than many boxes of 
candles. 

From the time of Newton down to the beginning of the 
present century, mathematics (though diligently studied) 
made very little progress, either at Cambridge or in oth^ 
ports of England.. In Cambridge this was due to the 
excessive reverence paid to authority ; at first by all, and 
afterwards by those “ senior members of the senate, who 
regarded any attempt at innovation as a sin against the 
memory of Newton,"^ and who were the worthy suc- 
cessors of the Cambridge dons described by Pope, in 
1742, as 

A hundred head of Aristotle’s friends."* 


We may be mistaken, but we strongly suspect that 01^ 
of them was William Farish (b. i 7 S 9 j d. 1^37), whose 
memory is embalmed in the following extract 


“ He is celebrated in the domestic history of the Uni- 
versity for having reduced the practice of using Latin as 
the official language of the schools and the University to 
a complete farce. On one occasion, when the audience 
in the schools wa# unexpectedly increased by the presfnqe 
of a dog, he stopped the discussion to give the peren^ 
tory order, Verte cumm ex. At another time one Of the 
candidates had forgotten to put on the bands which are 
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litttl woitn m certain ceremonial occasions. Fariebf who 
was pre$i4itig| aaid| Dominc p^>onentium isriu, nan habes 
VH iunt tm. , , . (with a long pause) AngUce 
v^ikAsf To whom with commendable promptness the 
upd^gmduate replied, Diptusime domine moderator , sunt 
{AngUce) fc^cket Another piece of scholastic Latin 
quoted by worosworth is, Domtne opponcns non video 
vim iuum argumentum** ^ 

In the last sentence his scholastic Latin ” would read 
better than scholastic Latin '' : perhaps, however, this 
alteration could not be made without violating historic 
truth ; in which case it might be difficult (but we hope not 
impossible) to substitute some other Latin sentence be* 
longing undoubtedly to Parish, and anything like as good 
as his exquisite “ Ver/e canem ex.^* It is recorded, to the 
credit of Parish, that he resided and taught ; a rare in- 
stance of virtue in a Professor of that period. Strange 
abuses were prevalent in his time ; among them the 
practice of huddling ” the disputations in the schools 
may be mentioned, 

''By the Elizabethan code every student before being 
admitted to a degree had to swear that he had performed 
ail the statutable exercises. The additional number thus 
required to be performed were kept by what was called 
huddling^ To do this a regent took the moderator’s seat, 
one candidate then occupied the respondent’s rostrum, 
and another the opponent’s. UecU stotuii Newtonus^ said 
the respondent. Recte non statuit Newtonus^ replied 
the opponent. This was a disputation, and it was re- 
puted a sufficient number of times to count for as many 
disputations. The men then changed places, and the 
same process was repeated, each maintaining the contrary 
of his first assertion— an admirable practice, as De 
Moxgan observed, for those who were going to enter 
political life. Jebb asserts that in his time (1772) a 
candidate in this way could, as a respondent, read two 
theses, propound six questions, and answer sixteen argu- 
ments against them, all in five minutes.” 

The above is extracted from the chapter devoted to the 
exercises in the schools. This and the one on the mathe- 
matical tripos (ix. and x.) are the two best chapters in 
the book, and contain a large mass of interesting matter ; 
but since the substance of both is reprinted from the 
author’s “Origin and History of the Mathematical 
Tripos” (Cambridge, 1880), with which many of our 
readers are doubtless acquainted, we refrain from making 
any further quotations from either. We need only say 
thitt together with chapter viii. (under the heading “The 
Oiganization and Subjects of Education*') and chapter 
XI. {“ Outlines of the History of the University”) they 
ctmstitutc the second of the two well-defined portions 
ihto whidt the present work is divided, and give a clear 
though succinct account of the history of Cambridge and 
of the principal object of study there, from the earliest 
times to the date of the repeal of tho Elizabethan statutes 
(18^8), with which the history is made to terminate. The 
first seveO chaptcra, which (see the preface) “ are devoted 
to an enumeration of the more etninent Cambridge 
inatbenietl^:t*h«> arranged chronologlcany,” embrace the 
eaipe period of time. Their style is somewhat similar to 
^ of the author’s “ History of Mathewadcs puWished 
ket year;^ hut is still more cpndse. in them, with the 
a^ded by the mtrdductory paragraphaprefixed 
to we are enabled to trace did rise of mathematical 
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science from the earliest times to the death of Newton (i. 
to iv.), and its subsequent decadence in Cambridge (v. 
and vi.), until we come to chapter vii., which is mMfily 
occupied with those mathematical reforms Onitiated by 
Robert Woodhouse, and carried out by Peacock, Hcr- 
schel, Babbage, and others) which inaugurated the great 
modem revival of learning in England, spoken of by Mr. 
Ball in bis concluding paragraph as the ^ new renais- 
sance.” The first portion of the work terminates with this 
chapter, which also contains notices of some of the more 
prominent mathematicians who graduated at Cambridge 
since the time of the above-mentioned reformers, but not 
later than the Tripos of 1859. Except in the ninth and 
tenth chapters, the style is too condensed, and conciseness 
is sometimes attained by the suppression of interesting 
facts ; but this is not an unmixed evil, since the cost 
of publication is thereby kept down, and we have every 
reason to believe that those who are content to pay a 
moderate price for a general view of the subject will find 
in this little volume a very useful compendium of 
Cambridge mathematical history. 

We ought to add that, in its externals, the book is all 
that most attracts the fastidious purchaser. It is neatly 
bound, in general correctly printed, in clear type, and on 
good paper. The table of contents and index are also 
good,^® 

In this note we Append A few disjointed remarks for the sake of point- 
ing out oeitiun tnvUI errata, *nd simll emendations, or what we believe to 
be such » 

P. 17, ** belated traveller.'* A man who had iraveiled no farther than from 
Si- James's Park to Whitefriain (see "Tim Fortunes of Nigel/* eh. avi. aod 
xvii.) and who had remained in sanctuary there for some days, can hardly be 
called a belated traveller because he asks for "a book- any sort of book— to 
pass away the night withal," and we con discover no other reasm. The 
passage we allude u» occurs in ch. «xiv- of Scott's novel, and in ihe version 
from which we quote runs thus vvttA m/rw/ T ont G Unvar^ 

tacXi request jt9 have a s»rt a/ away put njght 

wt tkal, and returned, for answer, that she knew of no other Ih^s in the 
house than her young mistress's (as she always denominated Mistress 
Martha T^bhoUs Bible, which the owner would not lend ; and her Master's 
Whetstone of Witte, being the second Part of Arithmetk^ by Robert 
Record, with the Cass/he Practice and Rule of Eguation ; 
volume Nigel declined to borrmvP This is quot^ both -by Do Morgan and 
Mr. Ball, of whom the latter oroits the italicized words, and the former those 
only that arc al o underlined. Both of them omit comma betw«n 
"answer" and ‘'that"; and both spell "Bible” w.th a smalt 
" Master's" with a small *’m/* and "Record ” with a llnal "e.” From 
this we infer that both of them ousted from a version of Scott difTering from 
one ^on our shelves in the abo've particulars, unless Mr. Balt copied hu 
quotation fiom De Morgan's. The Ucl that De Morgan makes no allusion 
to a "belated traveller" seems to favour the former theory. Our author 
deals with Hecorde just as he has done with Scott : ho takes a passage from 
him, gives cerutn portions of it, and modoniiKs the spelling (see the quoto- 
tijnsirom Hecorde on pp. 16-18. and compare them with those given in the 
article by De Morgan, referred to in note which contains ail of them and 
is easily procurable. The ghost of an old author has a right to complain of 
the aUaraitjn of a single letur in his work, and to say " Interpretation will 
fnisqaotc our ^kB"(rien. IV., Part I,, act v., sc. aj. There 1 wo have com- 
mitted the very offence we felt called upon to condemn, and have changed 
Shakespeare's " 1 " into a ‘ * b, " 

P. jt. For ** circle ef proportion** read ** circles of propertion ' 

F. 41. ' 1*116 firat volume of Marie's “ Histoire des S^oces mathdmauques 
was published is 1B83 : this date is changed into 1633 by an obv.ous mis- 
print. 

P* 7». 'The correct title of Dr, Sloman's work (which lies open before us 
as we unrite)^ "The claim" (not elaims) "of Leibnitr to the invention of 
the differential oalculus.'' 

P. 91. Snuth's ** Compleat System of Opticks" was published in r 736 (not 
17381. An ndvertfeemeiit datea " Eomton, Apr. #5, 1738," swaki of it os 
’^Printing at Ca^tidge In Quarto, wd will be published by the latter end 
of May or the beginning of /une " (we quote literally). 

P. 93i It is not easy to Identify boews whose tiiles are not given, but we 
know of no text-book ^ Humphry Dittoo "on the infinitciumal calculus 
of on earlier 4 nte than 17061 whim his " ItuUtutlnn of Fluxions ^ was pub- 
lished. We therefeM conolode that the date *704 must be a tor 

*706, and shall coptinoe to thina so until we actually see an edition dated 

ihfe page olspt fer *’ilobeit Smith (1798) " read " Rob^t Smi^ * 

F. 137. In the indt^ ii.sert the reference " Commcrclum EplstoLcdro, 
7t"; for "Cretwell ^«ad *'00194 011;" and In the thud Une of the 
references to De Motgan, dile tSo, 

We have given the *D^ U«t in corapUance with the words, I shall 
thankfully ompfc notices of addh:cin4 or corrections which may occur to any 
of my iread«in,^Urith which Hr. BaU's preface terminates. 
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BE LAT PARENTS « MINERALOG K/ . 

Caurs de MMralogk, Par A. de Lappar«nt 2^t 
tion- (PaHs : F. Savy, 1890,) 

S IX years have eUpsed aince our announctment m 
Nature of the api>earaoce of this bc>olc» and now 
the call for a second edition indicates the continually 
increasing popuiarhy of the work, not only in France, 
hut especially abroad, where more than faaif of the hrst 
edition has been sold. This popularity must be ascribed 
mainly to the fact that M. de Lapparent’s Cours de 
Min^ralogie ** was the first educational work in which tlie 
crystallographic theories of Bravais and Mallard were 
expounded as a system, and constituted, one may say, the 
basis of his lectures. 

Now that these theories are continually obtaining 
a more favourable reception, it must be recognized 
that their diffusion has been largely effected by the 
present Cours de Mindralogie/' owing mainly to the 
remarkable power of exposition possessed by M. de Lap* 
parent, of which he gave us a new proof when he pub- 
lished his lectures on mineralogy in 1884. The same 
quality is eminently conspicuous in this edition ; but 
let us hasten to remark that riie present is in reality 
a new work, which contains nearly 100 pages more than 
the first edition and a large number of new figures, A 
glance Is sufficient to show that the author has not been 
content with revision, but has entirely reconstructed the 
book. He has so developed the optical portion that the 
volume becomes a sufficient introduction to the study of 
petrography, this chapter now containing a description of 
the reffactometer, the quarter- wave-length mica, and 
BertrAnd*s plate ; attcnlioih may also be directed to the 
paragrisjfdi on complex molecules (p. aa), and to the de- 
monstration of the terquaternary^system (p. 5$) ; he has, 
moreover, grouped in a scries of chapters, which con. 
stitute a homogeneous and strikingly uniform treatise on , 
the subject, the elegant theories of Mallard upon twinning, | 
isomorphism, and polymorphism. The description of ; 
species lias been considerably increased, especially by the 
extended account of the rock-forming minerals; and the 
characters In microscopic sections of the minerals which 
are most important in lithology are illustrated by figures 
selected from the best authorities. In his own words, the 
author, taught by ^ experience and knowing how necessary ; 
it is that numbers should be verified, has revised aM the 
crystallographic data ; he has given for each species the 
corresponding axial ratios after imposing upon himself 
the task of verifying by trigonometrical calculation the 
agreement of these ratios with the fundatpental acgles ; 
and he has selected from the latest and best publications 
the optical data, such as double refraction, dispersion, 
principal indices of refraction, and the numbers which 
indicate the piisitions of the optic axes and btfsecmcos. 
Finally the index has been subjected to careful revisibn, 
and has been augmented by 200 names which represent 
the progress of descri^tvl mineralogy during ate Inst 
six years. Since, moreovetj, the chapter on 
has been developed and contains , all the in 

conmon use, the f^actlcal value of the book hap been 
largely increased, and it should satisfy evei^ , 

of the University student ; it wiH ptrove of special service 
to geologists occupied with the study of theblaas 


of readers whom the author appears io have centinupfiy 
had in his mind In tbe composition of a txeatisp in arhlub 
the geologic;^ bias is discernible both in the ciassiteatii^ 
ad<!^ted,and in manner in which the 
the roc)^imuii3kg minerals has been developed 
In a word, this work not only aifmdB a good genetai 
idea of all that constitutes modern mineralogy; but is edSo 
a useful introduction to the study of lithology. 

We are convinced that the book, written with the 
remarkable lucidity and elegance which characterise the 
works of M, de Lapparent, is destined to occupy the 
same position in the study of mineralogy which in 
geology has been held by the same author’s “ Traitd de 
Gdologte.” A. F. KnNAitD. 

Ol/R BOOK SHELF, 

Key to Higher Algebra, By H. S. Hall, M.A., and S. R- 
Knight, B. A. (London ; Macmillan and Co., 1S89.) 

This work forms a key to the higher algebra, and con- 
tains solutions fully worked out of nearly all the examples. 
More than one solution of a problem is given in some 
I cases, and throughout the book repeated references are 
. made to the text and illustrative examples of the algebrso 
The volume will prove most useful lo teachers, and wc 
i strongly recommend it to students who are beginning the 
j study of algebra without the aid of a teacher, for, by first of 
I all trying to work out the exampl es without the key, they 
I may learn much by a careful and judicious use id the 
solutions afterwards. 


LETTERS TO THE EDITOR, 

[Tht Editer does not hold himself re^nsibU for opiniom en- 
pressed by his eorrespondntis. Neither tan he tmdeHnke 
to reium, or to torrespond with the writers af^ re^oUed 
manustripts intended for this or ony other part of NaTVaC. 
No notice is taken of anonymous cornmnnications,} 

On the Use of the Word Antiparallel. 

So much of the “recent geometry of the triangle" is 
connected with the properties of “ sntlparallcls/’ that it is a 
matter of some interest to geometers to ascertain when they 
came to be recc^tzed as worthy nfa distinctive name, and when 
the name now in use was first applied. The following extmeU 
afford two early instances, and seem to imply that the term “anti- 
parallel” had, at the dates given, been some time in existence. 

On p. 220 of Hatton^ Miscellanea Matkemaiica (<775> 
occurs the following lemma by the Rev. Mr. Wildbore ^ 
“If two Hoes 1 C be anUpavaUel, and throngh their 
eriremUies two righJ; lines be drawn zpeetiog each other in A, 
itwillbew AB*; AE«-AB» : : AB’- AF^: ; 

and the demonstration begins as follows 
“ The < at B being fy nature of antiparalhl lines the 
supplement of that st \ and F of C, a circle may, by Euob HI* 
as, be drawn through those four ^ints,” 


JR 



, A^ the leioniw ekumis this V t 

«< The reader may fvmn hence eorreet an error in ^ 
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‘IJjpk '^MntJieinAtioal and Philovophical Dicttotiary '' 

wfi find 


AMTiPARALLRLEfc, geoteetry, am thwe lines which make 
aqi^ at^les with two other lines but contrary ways ; that is, 
'Oulmg the former pair the ist and 2nd linos, and the latter 
pair the 3fd and 4th lines, if the angle made by the xst and 3rd 
lines be equal to the angle made by the 2nd and 4th, and. 
ecmtwfiyi^ise, the angle made by the 1st and 4th oqual to the 
angle made bv the 2nd and 3rd ; then each pair of lines are 
atiUparallels with respect lo each other, viz. the ist and 2Bd, 
had the 3rd and 4th. 


A 



if AB and AC be any two lines, and FC, FE two others 
<^Uing them so that the angle B is equal to the angle K and the 
angle C U eoual to the angle D ; then BC and DK are anti* 
parallels with respect to AB, AC ; also these latter are anti* 
parallels with resjwct to the two former.** 

It is curious also to note an error as regards the ratios of the 
segments of the sides, similar to but not identical with the one 
pointed out by the contributor to the MiscelloLnta. MathemcUica as 
occurring in ** Clark’s Dictionary ** ; for the next paragraph 
states : — 

It is a property of these lines that each pair cuts the other into 
proportionate segments, taking them alternately; 

viz, AB ; AC : 1 AE : AD : : DB : EC 
and FE j FC : ; FB : FD ; : DE 1 BC.** 

Here the third ratio in each line is wrongly stated to be equal 
to the two which precede it ; for keeping the triangle A BC and 
themibre also the direction of KE fixed, it is clear that the ratios 
AB ! AC, AE ; AD remain fixed, while DB : EC may range 
from aero to infinity. E. M. Laxolby. 


The Force of ** Example ’* in Atiimaia. 

SoMR years ago wc had two cats — a tabby, and a powerful tom 
perfectly white all oven One day I happenerl to be In the attic, 
and noticed them go out on the slalcs, when Tom Jnnnped 
acrose the yard to the next roof. Tt appeared to me a splendid 
ka^ considering the width of the yard and the height of the 
roof. Wben Tabby came lo the edge of the slates her courage 
foitod, and she uttered a cry of distress, whereupon Tom turned 
round and leaped back, and givitw a oheerfiil mew as much as 
to say, "Look how easily it can be done,” jumped across again, 
this time followed by Tabby, to my great del%ht. 


" Asuarchia tttephanim.*' 

In the interesting "Geographical Notes” from New Guinea, 
I^Mkhed in Nature of September 5 (p. 44P), it U stated that 
m WhUam B^aoGregor procured, among others^ "a. female 
the only male bird of that species being 
ip the Mtwcuin, Berlin " Wfil you perhrit trite to rertify this in 
QOnmuii^tte to yea that t?He only mak AfftertHa. siephan^ 
k ja the ^^Togicat Museum of rDresdeu* The bird was de- 
Jteribed and fijauaed by Dr. Fiwwi arid myself in the year iSBs, 
«lfid4N mm 4S oorreetiy written as I bawe just given It. 

.J>iiSkn,'Sh|>teTBbet A. B. Mever. 


R£CJS:/^r GREAT EARTffQUARES lAT 
felJliL d twriv ^ dw recdttt 

of tbhiXLsto dMctlih thriSd trf 


Kiushiu, the centre of tbe earthquake was a mountain 
situated to the west of Kumamoto, tbe chief town in the 
province of Hi§fo. Knipo is one of a chain of vtolcanoes 
connected with Mount A so, one of the most noted 
volcanoes in the country, which was visited arid described 
a few years ago by Prof. Milne, who regards it as one of 
the two or three largest volcanoes in the world. No 
eruption, however, has ever as yet taken place there, but 
fears are now entertained of a terrible eruption ; rum- 
blings have been heard, and the mountain has discharged 
lava in several places. Aso Yama, or Mount Aso, has for 
many years been known as the only active volcano on the 
Island of Kiushiu. This mountain rises to a height of 
nearly 5000 feet. Its last eruption was in 1874, when a 
large quantity of grayish- white pumice ashes was dis- 
charged. It would seem, however, that more or less 
constant discharges have taken place at iritervals ever 
since the premonttory signs. On the morning of July 28, 
the day of the destructive shock, the weather was agree * 
ably cool, but at twilight the sky w'as clothed with a dark 
cloud tinged with a pale reddish colour, and the atmo- 
sphere became quite close. About ten minutes past 
eleven p.m. a noise as of thunder was heard. Simul- 
taneously a strong earthquake movement commenced. 
As the nature of the shock was unusual, some of the 
inhabitants dressed, whilst others with scarcely any 
clothing, rushed from their houses, a number of them only 
to be crushed to death by falling walls and trees. The Castle 
of Kumamoto, which was the scene of the memorable 
siege by General Saigo at the time of the Kagoshima 
rebellion, and is noted for the solidity of its structure, 
was damaged in several parts. In the streets fissures ap- 
peared in several places, some of the cracks measuring 
six feet in width. In other parts of the town subsidences 
occurred ; in some instances water was seen spouting 
from the fissures created by the seismological disturbance. 
There were several incipient fires caused by the overturn- 
ing of lamps, but they were speedily ext ingui sited, and 
much additional loss of property was thus avoided. Houses 
were overturned and the occupants killed. The first 
shock was soon followed by several smaller and two 
severe ones. With the break of day the dull cloud 
moved off, to leave the sky covered with yellowish little 
patches. The most severe shock was the first one, when 
even unusually strong houses were almost displaced from 
their foundations. Old houses and those not very strongly 
built were brought to the ground with sufficient force to 
kill, and in other cases injure numbers of persons. The 
losses sustained by chemists and china-ware merchants 
wore large, owing to the breakage among their brittle 
stock. All wells in Kumamoto have cither been rendered 
so foul with mud as to make them useless, or are dry by 
reason of the escape of water. I'he city is being tempor- 
arily forsaken by those who can afford to remove their 
families. In the town of Kumamoto the list of casualties 
is three persons crushed to death and six wounded. 
Twenty-two houses were thrown down and sixteen 
partially wrecked. In the neighbouring district of Akita, 
however, the force of the shock seems to have been felt 
more severely. Fifteen lives were lost, thirteen persons 
wore injured, and thirty^two dwellings were overthrown, 
while many farmhouses were more or less damaged. In 
Sage, also a district of Kiushiu, there were underground 
sounds as of many cannons ; then ensued prolonged 
vibrations from south to north-west, dwelHngfs leaning 
over at inclinations varying from 70* to 80^, accompanied 
by loud crackling of posts and walls. The ground quivered 
so that pedestrians stumbled and fell. This shock con- 
tinued for about four minutes. During the night there 
were two other disturbances, the last being the most 
severe. The greatest disorder andTright prevailed, and a 
nijht of terror woe passed in the open air by the 
unclad population. In the districts of Sakanaml and 
Kami-Turtriki ground for a space of 9 acres began to 
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erode on July 38, and the phenomenon continued until 
the whole surface was covers with a network of fissum. 
According to the latest accounts, fifty-three distinct shocks 
had been fela^ only two or three of them being severe. 
Within twelve hours on August 3, thirty-five earthquakes 
were experienced at Kumamoto, one of which caused 
the ground to open in no fewer than twelve places. 


r//£ UNITED STATES FXUPSE EXPEDITION 

T he Navy Department in Washington is now fitting 
out an Exp^ition to Angola, on the west coast of 
Africa, to observe the total eclipse of the sun which wilt 
be visible there on the afternoon of December 22 next 
Prof. Todd, of Amherst College, has been appointed chief 
of the party, a position similar to that which he held two 
years ago in conducting the Eclipse Expedition to Japan. 

The party, which will be a large one, will leave New 
York about October 1, in a Government cruiser. The 
natural history department of the Expedition will be under 
the charge of Dr, Wm. J. Holland, of Pittsburg, who will 
make large collections and extensive investigations, 
especially in entomolog)^, which is his special department. 
He filled a similar position in the Expedition to Japan in 
1887. Work will be done in many directions, and even 
if the weather or any accident should render a successful 
observation of the eclipse impossible, the Expedition will 
have a great amount of valuable information and collec- 
tions when it returns. 

After, landing at St. Paul de Loanda, 250 miles south 
of the mouth of the Congo, the Expedition will go 
about one hundred miles into the interior, in order to be 
on higher land, and out of the fever belt on tbe coast. 
The eclipse, which will occur on December 22, 1889, at 
about 3 p.m,, will be total for a little over three minutes 
at the station south- east of Loanda. The whole length of 
the eclipse will be between two and three hours. In 
photevraphing its different phases, if the sky is clear, 
(t is hoped that about 150 photographs will be taken, 
with the largest telescope ever used for photographing an 
eclipse. This will give an image of the sun about 4j^ 
inches in diameter. Owing to the number of fine instru- 
ments which have to be carefully transported and 
adjusted, about two tnonthB will be spent at the observa- 
tion station, and the party will be absent about five or 
six months altogether. The particular point where it is 
hoped a settlement may be made is Muxima on the Quanza 
River, In reply to a question as to the instruments he 
would take with him, Prof. Todd is reported to have 
said:— 

“Some of them will be the same as I had in Japan, es- 
pecially the great telescope, forty feet long, to get pictures 
of the difierent stages of the eclipse with. It j» the same 
sort of a telescope that 1 used in photographing the 
transit of Venus in 1882 at the Lick Observatory, But 
photographing the coronals not tbe main thing nowadays 
In eclipses. All that has gone by. There areothev dues- 
tionBof much more importance than merely to fina out 
how the corona looks. Jt is a very complex phenomenon. 
The sources of its light are not k^wn, and the streamers 
of light are in parts supei^sed or overlapping. The 
moat important thing to do is to take photograpl^ in such 
a way that the intensity of the light in every part cap be 
accurately measured^ and to photograph the spectrum of 
as many separate pt^ions of the comnal light as 
possible. We are making ihuch progress in tM* direc- 
tion, but the old methods of eclipse i^ott^mphy in use 
ten or fifteen years ago yielded vciy Insufficient resttUs, 
and there is relatively little use in following them up if 
^ more advanced and speoahsed work u not under- 
taken. Of course they art good as tar as they go* Then 
1 fthall have several new devices, which my pitvi0us 
experience, particularly in Jepan, has led to the invendop 


of. Among other things Z have devised a revolving plSte 
holder, which will enable us to get the largest pomt^ 
number of pictures at the critical moments:” 


URANIUM. 

pXACTLY a century ago^namely, in lyS^KIaproth 
^ succeeded (says tne 7 >'mrr) in isolating from a dark- 
coloured mineral known as pitchblende a yellow oxide, 
which, after carefully testing, he pronounced to be the 
oxide of a new metal. To this metatltc substance he 
gave the name of uranium, so calling it after the planet 
Uranus, then recently discoverecT oy Herschel, and it 
was at once classed among the rare metals, and still re- 
mains so. Its rarity is indicated by its market price, 
which is about £2400 per ton. There are several oxides 
of this metal ; but the best known and most important 
is the sesquioxide, which forms a number of b^utiful 
yellow salts. This oxide is largely employed for imparting 
delicate golden and greenish yellow tints to glass, while 
the protoxide is much used in producing the costly black 
porcelain. Uranium is also found to be useful in certain 
photographic processes as a substitute for the chloride of 
old ; but its rarity and consequent high price have 
itherto caused its application to be very limited, although 
there are uses other than those already named to which 
it could be put if it were less scarce and less costly. It 
is found in Cornwall, Saxony, and Bohemia ; but up to 
the present time it has only been met with in isolated 
pockets and patches. The centenary of its discovery by 
Klaproth has, however, been marked by the finding of a 
continuous lode at the Union Mine, Grampound Road, 
Cornwall, which is believed to be the only known lode in. 
the world. This discovery is regarded as unique in the 
history of the metal, for the lode is what is known as 
a true fissure vein, and the ore is found to contain an 
average of 12 per cent, of the pure metal, the assays 
going up as hign as 30 per cent, in some parts of the lode. 
Several tons of the ore have already been raised and 
sold, fetching high prices. The lode traverses tbe mine 
from north to south, and the uranium occurs in it chiefly 
as a sesquioxide. It is anticipated that the present dis- 
covery will enable two important applications of the 
metal to be followed up. The first is as a substitute for 
gold in electroplated ware, inasmuch as with platinum 
and copper it forms two beautiful alloys, each having the 
appearance of gold, and tbe former also resisting the 
action of acids. The second application is in connection 
with electric installations, where its usefulness consists 
in its high electrical resistance. The mineral dej^sita 
generally at the Union Mine are of an exceptional 
character, comprising, in addition to uranium, magnetic 
iron, silver lead, tin, copper, ochre, and umber. 


TNE BRITISH ASSOCIATION 

Newcastle, Tuesday Night 

I T is impossible at this stage to say what will the 
character of the third Newcastle meeting, so £sr as 
numbers are concerned. In one quarter I am 
it is not expected that tbe attendance will be above 
average, while another author!^, who ought to know; 
assures mb the numbers will be greater than w^a the thee 
even ht the Manchester meeting. For it shoukl be re- 
membered that, until that meeting, Newcastle topped the 
record so far as numbers go. To from the 
of tbe Reception Room, not many peo^e have yet 
though doubUeas will Come in by later trains, 
moiTOw mbming^ ^far as 1 ha^'e been able to 
my few (ore|g9n thira of science 
petted* Maiyhisiit ream fe expressed tte tim s^pt^ 
piness of i)r; Shrapn Witt prevent h&t^ 
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!Pn«id«Dt of iiection D ; bis address, which 
to hb one of much interest, will be read by one 
of tf»« Vice-Presidents. The proceedings in this Section, 
it is eapected, will be somewhat lively ; more than one 
fWper will be read on certain asp^ts of Darwinism, and, 
as vigorous controversialists Of diHerent schools will be 
pres^, sotne strong speaking may be looked for. 

So far as the edbrts of the Local Committee go, the 
meeting Ought to be a success. It is evident that every- 
thing has been done, so far as the accommodation of 
Newcastle permits, for the convenience and comfort of 
the visitors. The Durham College of Medicine makes 
very excellent Rece^on and Reading Rooms. Smoking 
Rooms, Luncheon Rooms, and other conveniences that 
conduce to the comfort of visitors, have been provided 
and well equipped. The St George's Drill Hall is lar^ 
enough for the opening address and the lectures, but toe 
quality of its acoustic properties is feared. One of the 
great social events of the meeting will be the banquet 
given by Lord Armstrong, on Thursday night, to 200 
guests ; while the favourite excursion is that to Durham 
on Saturday, when the Warden and Professors of the 
University will entertain 200 at lunch. Regret is ex- 
pressed that the excursion to the Roman Wall has not 
been hiced for the Saturday instead of the Thursday. 
Indeed, the Thursday excursions — to Berwick, Bam- 
burgh, Holy Island, Barnard Castle, and other places 
^arc likely to induce many visitors to stay over that 
day. 

Geologists are looking forward with much interest to 
Dr. A. Geikie's paper on his recent visit to Norway, as 
well as to Prof. James Geikie's address as President of 
the Section. Prof. Flower^s address will be devoted 
mainly to the arrangement of Museums. | 

It may be worthy of note that the Economical Section ■ 
will be conducted on much more scientific lines than has | 
been hitherto the case* j 

Inaugural Adoress av Prok W. H. Flower, C.B., ' 
LL,D., F.K.S., F,R.C.S., Pres.Z.S., FX.S., F.G.S., j 

President. > 

It is twcnty-isix years since this Association met in Newcastle- 
upon-Tyne. It had then the advantage of being presided over 
by one of the most distinguished and popular of your fellow- 
townsmen. 

CoDstdering the age usually attained by those upon whom the 
honour of the presidency falls, and the length of time 'which 
elapses before the Association repeats its visit, it must have 
rarely happened that anyone who has held the office is spared, 
not only to he present at another meeting in the town in which 
he has presided, but also to take such an active part in securing 
its success, and to extend such a hospitable welcome to his 
successor, as Lord Armstrong has done u]Mn the present occasion. 

The address which was ddivered at that meeting must have 
been lull of interest to the great majority of those present. It 
treated of many subjects more or less familiar and important to 
the dwellers in this part of the worlds and ft treated them with 
the hand Of a master, a combination which always secures the 
aaention of an audienOe. 

When ;it caipe to my knowledge that in the selection of the i 
Pfosident for this meeting the choi^ had falkn upon me, I was 
dUed with apprehension. There was nothing in my pievious 
oecopaliona or studies from ahioh 1 &lt that I could evolve any- 
^g in sympathy wit^ what is univei^lly lOcognised as 
the prevauing ^nius of the district, t wak howerei^, somewhat 
massaw remMed that b the regular rotation by which 
th# equal representation b the presidentialoSce of Iheotirerent 
of idence inoluded ip the Aasociation is secured, the 
had come round some one. cfonneoted iWth biolojelcal 
snhiacbfn occupy the chair, sshkh daring the. past se««n years 
hall been dllcd with fuch dlsUBCtton by angmeerst chamkus, 

f physicists, n^lhematk^rM^ and geebgists* . 1 lyas alb reminded 
ijye Abnolaitnnt thongh of neceeal^ holdhtg hs meeting in 
tdeftpita bcatity^ was l>y dp meanalocalinits betb^^ 

t** 

int intli Um ww^ wdwSmHli ]0«mite«fUi imd ^ 


proceedings are followed with interest wherever our language is 
understood-^ I may say, throughout the civilized world. Further- 
more, although its great manuTacturii^ industries, the eminence 
of its citizens for their skill and intelligence in the practical ap- 
plication of mechanical sciences, aTid the interesting and im- 
portant geological features of its vicinity, have conferred such 
fame on Newcastle as almost to have overshadowed its other 
claims to distinction in connection with science, this neighbemr- 
bood Is also associated with Bewick, with Johnson, with Alder, 
Embletoo, Hutton, Atthey, Norman, the two Hancocks, the 
two Bradys, and other names honoured in the annals of biology ; 
it has long maintained a school of medicine of great repute ; and 
there has lately been established here a natural history museum, 
which in some of its features is a model for institutions of the 
kind, and which, I trust, will be a means of encouraging in this 
town some of the objects the Association was designed to 
promote, 

1'here can be no doubt that among the various methods by 
which the aims of the British Association (as expressed in its full 
title. Mi advancement of.'cienre) may be brought about, the col- 
lection and preservation of objects available for examination, 
study, and reference— in fact, the formation of what are now 
called ** museums ” — is one of very great practical importance : 
so much so, indeed, that it seems to me one to the consideration 
of which it IS desirable to devote some time upon such an occa- 
sion as (his. It is a subject still little understood, though, 
fortunately, beginning to attract attention. It has already 
been brought before the notice of the Association, both in Presi- 
dential and Sectional addresses. A committee of our members 
is at the present time engaged in collecting evidence upon it, and 
has issued some valuable reports. During the present year an 
association of curators and others interested in museums has been 
founded for the purpose of interchange of ideas upon the 
organization and management of the'>e institutions. *11 is a 
auDject, moreover, If I may be allowed to mention a personal 
reason for bringing it forward this evening, which has more than 
any other occupied my time and my attention almost from the 
earliest period of my recollection, and I think you will agree 
with the opinion of one of my distinguished predecessors in this 
chair, ^‘that the holder of this office will generally do better by 
giving utterance to what has already become part of his own 
thought than by gathering matter outside of its habitual range 
for the special occasion. For,*’ continued Mr. Spottiswootfe, 
“the interest (if any) of an address consists not so much in the 
multitude of things therein brought forward as in the individu- 
ality of the mode in which they are treated." 

The first recorded institution which bore the name of museum, 
or temple or haunt of the Muses, was that founded by Ptolemy 
Soter at Alexandria about 300 r.c, ; but this was not a museum 
in our sense of the word, but rather, in accordance with its 
etymology, a place appropriated to the cultivation of learning, or 
which was frequcntetl by a society or academy of learned men 
devoting themselves to philosophical studies and the improve- 
ment of knowledge. 

Although certain great monarchs, os Solomon of Jerusalem 
and Augustus of Rome, displayed their taste and their mi^ni- 
ficence by assembling together in their palaces curious objects 


the liberality of Philtp and Alexander supplied Aristotle with 
abundant materials for his researches— of the existence of any 
permanent or public collections of natural objects among the 
ancients there is no record. Perhaps the nearest approach to 
such collections may be found in the preservation of remarkable 
apecimeos, sometimes associated with superstitious veneration, 
sometimes with strange legendary stories, in the buildings de- 
voted fo religious woiahip. The skins of the gorillas brought by 
the navigator Hanno from the West Coast of Africa, and hung 
up in the temple at Carthage, afford a well-known instance. 

With the revival of learning in the Middle Ages, the collect^ 
iog instinct, inborn in so many persons of various nations and 
periods of history, I but so long In complete abeyance, sprang into 
existence with considerable vigour, and a museum, now meaning 
a collection of miseenAneous objects, antiquities as well as 
natural curiosities, often associated with a gallery of sculpture 
and palming, became a ioshlonable apfwndage to the establish- 
ment of many wealthy persons of superior culture. 

All the earijest cmlectiana, comparable to what we call 
muieuma. were formed by and maintained at the expense of 
pdvete individuals 5 sofeeUmw physicians, whose studies naturally 
Ud them to a taste for biological s.ZeOce \ often great merchant 
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whose trading oomeetioiu afTord^^H^pcrrtanitksiar bring* 
it(g together things that were ctmekteM curioas from foreign 
lends ; or ruting inonarchs in their privKte ctf«cit]r< U everjr 
ense ilMiy were maintained tni^inly lor the gmttflcniion of the 
possessor or hit personal friends^ and rarely, if eveti as3K>olated 
with any systematic teaching or public hen^t. 

One of the earliest known printed catalogues of such a muaeaiii 
is that of Samuel Quickclberg, a physician of Amsterdam, pub- 
UshMi in rs65 in Muorch. In the same year Conrad Gesner 
punished a catalogue of the collection of Johann Keittmann, a 
physician of Torgau in Saxony, consisting of about 1600 oh^eotSi 
ehiefiy minerals, shells, and matdne animals. Very soon after* 
wards we find the Emperor Kudolph II. of Germany hnsily 
accumulating treasures which constituted the foundations of the 
present magnideent museums by which the Austrian capital is 
distinguished. 

In England the earliest important collectors of miscellaneous 
objects were the two John Tradescants, father and son, the latter 
of whom pubiishcdi in ^ little work called ^^Musseum 
Tradescantianum; or, a Collection of Karities pwserved at 
fefwth Laml>cth neer l.omlon.*’ The wonderful variety and in- 
congruous juxtaposition of the objects contained in this Election 
make the catalogue very amusing reading. Under the first 
dicision, devoted to ** Some Kindesof Birds, their Egges, Beaks, 
Feathers, CUwes awl Spurres,” we find *' Divers sorts of Egges 
from Turkic, one given (or a Dragon’s ** i** Easter Egg« 
of the Patriarch of Jerusalem ” ; “Two Feathers of the Phoenia 
Tayie” ; “The Claw of the bird Bock, who, as Authors report, 
is able to trusse on Elephant.” Among “whole birds ’’is the 
famous “ Dodar from the Island Mauritius; it is not able to die, 
being so big.” This is the identical specimen, the head and foot 
of which have passed through the AshmOlean into the University 
Museum of Oxford ; but we know not what has become of the 
claw of 'the Rock, the Phmntx tayle, and the Dragon’s egg. 
Time does not allow me to mention the wonderful thmgs wh^ 
occur under the head of “ Garments, Veswres, Habhs, and 
Omattoenls,” or the “Id^chonick, Artificial Workes in Cart- 
ings, Tovnings, Sewings, and Paintings,” from Edwnrd the 
Confessor's knit gloves, and the famous “Pobatan, King of 
Virginia's habit, all embroidered with shells or Roanoke,” also 
still at Oxford, and lately figured and described by Mr, E. B. 
Tylot, to the “ Ghcrry*8ione, upon one side S. George and the 
Dragon, perfectly cut, and on the other side $8 Kmperours' 
faces,’' or the other ^'cherry-stotte, holding ten down of tortola- 
shell combs made by Eduard Gibbons,’^ But before leaving 
these private collections X cannot forbear mentioning, as aa 
example of the gmt aid they often were in advancing science, 
the indebtedness of Linoeeus in his early studies to the vahmble 
zoological mvweums, which it was one of the ruling poflaiois of 
severri Kings and Queens of Sweden to bring togeHi^. 

Upon^the association of individuals together Into socseties to 
promote the advancement of knowledge, (hone bodies in their 
corporate opacity frequently made the formation of n muieum 
part of their function. The earliest instance of this in our 
country was the museum of the Royal Society in Crane Court, 
of which an illustiated catalogue wa$ publish^ by Dr. Grew in 
168 1. 

The idea that the mninteoance of a itiusemn was a portion of 
the public duty of the State or of any mimkipal fnaUtutfoR bad. 
however, nowhere entered into the mind of man nt the bogfnnra^ 
of the last centutv. Even the great teaehing bodies, Ihe (Im- 
versities, were slow in acquiring collections ; but k ntiMt be 
rScoBeoted that the subjects considered most esMUtial to the 
education they then professed to give were not those wtHuh 
needed ifinstration from the objects whtnh can be beought 
together in a museum. The Italian Universities, where mvatomy 
was taught as a sdence earlier and more thtwoiuthly then any- 
where else in Europe, soon found the deeirabSby df ker^kg 
collectkms t>f preserved specimens, and the art w prrepwHng 
them attained a high degree of exoeUenee at Padua and Bologna 
two centuries ago. But tliese were generally the privatepeoperty 
of the professors, aS were nearly all the odteoUoUs ONd to ulua- 
tmte the teaching of anatomy and pathology kt our txhuvtry 
within the metn^ of many now livit^. 

Notwltbsianding the multipBoarioti of pnbUc musemutr timing 
the present century, and the greater lesources and adv«nli|gei 
which many of these possess, whicK private eottectoto esnosot 
cotnnhatKd, the spirit 01 accumulation ih individuals has 
imt passed aw»,altboughjrenc«allyditoet«d intonakherdi^&teitt 
channelB than foraaevly. The general ttmmme mr tnltci^me^ 


eollectionf of old are now left to OovefimneuM and inathOtiOha 
which afibed greater gunwotee of thrir {toVMiwnee and pOh|k 
Qril%, while admkaDk Mrvice is done to sdebee by , fhow 
private persons with IdiiOre and means who. devoting thennMwvns 
to some special subject, amsaa the materials by which its ata<l^ 
can be pursued in detaU either by themselves nr those tbmr 
know to be qualified to do so t which collections, if tfae^ ftw 
their most appropriate destiny, ultimate^ become incorporate^ 
by gift or purchase, in one or other of the public museums, and 
tnen serve as permanent foctors in the ednoafion of the natloitt 
or rtlhcT of the world. 

It would be passing beyond the limits cl thne allotted to this 
address, Indeed going beyond the scope of this Association, Jf I 
were to speak of many of the subjects which have pfe-eminemW 
exercised the faculties of the collector and fanned the matethus 
of whiob museums are eonitrocted. The various methods 
jVhich the mind of man has been able to reproduce the forms of 
natural objects or to give expression to the images, created by bis 
own fancy, from the rudest scratdbings of a sivage on a bone, or 
the simplest arrangement of lines employed in ornamenting the 
roughest piece of pdtery, up to the most lovely combinations of 
form and colour hiilierto attained in sculpture or in painting, or 
in works in metal or in clay, depend altogether on museums for 
their preservation, for our knowledge of thejr condition and 
history in the past, and for the lessons wbictaithey can convey 
for the future. ^ 


Apart from the delight which the contemplation of the noblest 
explosions of art must produce in all cultivated mind^, apart 
also from the curiosity and interest that must be excited by all 
the less successfully executed attempts to produce similar vesults, 
as materials for constructing the true history of the life of mon^ 
at different stages of civiUxation, In difierent circumstances of 
living, and in divers regions of the earth, such collections are 
absolutely invaluable. 

But I must pass them by in order to dwell a little more in 
detail upon those w^hich specially concern the advancement of 
the subjects which come under the notice of this Assooia- 
ti m— museums devoted to the ao-catled ” natural history ” 
sciences, although much which will be said of them will 
doubtless be more or less applicable to museums in general. 

The terms natural history '' and “ naturnlisi'* have become 
deeply rooted in our lox^uage. but without any very dtfinUe 
conception of their meaning or the scope of their application. 
Originally applied to the study of all the phenomena of the 
universe which are independent of the agency of man, natural 


history has gradually narrowed down in mon people s minds, in 
coDsequence of the invention of convenient an<t generally under^ 
stood and ttccepted tones for some of Us various subdivisions, as 
astronomy, chemistry, geology, &c., into that portion of the 
subject which treats of the history ctf creatures Ondotked wfth 
life, for which, until lately, no special name had been invented 
Even from this limitation botany was gradually disassockt^g 
itralf in many quartern, and a “ nalumlm” and a “ Koologiu’^ 
have nearly becouto) however irrationitlly, symmyirrouft terms. 
Hie happy imnoduction and general acceptance of the word 
“ biology,^’ tunwithstaaidlng the objections raised to its ctym- 
logical rignifioacion, has reutrited the study of organktoS tBs^ 
tinguiahed by the p(W)ies«>ioii of the living principle, and prac- 
tically elimfoatod the now vague and intrafinhe term ^'natural 
history ” fhnn sdetitific teroiiaotngw. As. however, it k Ceritrilr 
to maintain ks fibld in popular latigu^. 1 would venture to 
suggest the dcsirabiiUy of miorittg it to Us original and teaUy 
definite signification, contrasting it with the history of wan and 
of hh works^ and of the ebaagi^ which have been ^ronjjlit in 
tira unitrarae by his hriervehtfoii. 

It was in this Muse when the ntpld growth of did 
mraceUmaeous eolfociloins ki the Briiikh Museum at Blootosbacy 
<«he eafpowfon Of Sir Hans Sloaite^ neeuimiiation fo the im 
Manor House at Chebes) was to reiklar a dftlsitoi 

raraeraxQt the line of eeveranee hmv ^Elbied at the JuntifoD^ of 
wbatWM tratusol kind wM was t die former 

the pioduoa of what are cwhmofdy eaUad fewMh 

nnairetod by tnon’s handiwork^ or Uw hnptoW of Me wdfoL 
The depammua which took e^iiatioe rif tmese wefe^teitiNri 
the “ Jmuml MfWOrt JDa^urtrai^^ aew hulM^lio 

wtrieh iheywdrbiramoved , v 

Is may worth whBe to kMndr h fow.’hBOmeitf 
eonridwadem the wihw ef ’this fo if jh 


eonridwmiefn^ ‘tvf the ' wikra .of.’ diis vdlefootb he 'hf ' W 
oonberns the end edthltditfotto of % 

nraaeaiira;'" 









tbAt ttMy wUl ^ pretsrvei ftrid madt U4« to the 
v^edd tf 6iice given to such an innUution. THeir fate K dn* 
firtonately, fat otherwise. IMrty^ neglected, without , Uheli 
their idratlty h>at, they are often anaUy devoured by insecti or 
cleared away to make room on the crowded shelves for the new 
donation of some fre«h patron of the iostitutlon. It would he 
far better that such museums sh>u1d never be founded, ^ey 
are traps into which p'eciooi — sometimes priceless — objects 
fall only to be destroyed ; and, what is still worse, they 
bring discredit on alt similar institutions, make jhe very name 
of museum a byword and a reproach, hindering instead of 
advanohig the recognition of thbir value as agents iu the great 
educationnl movement of the age. 

A museum is like a living organism— it requires c mtinual and 
tender care. It must grow, or it will perith ; and the cost and 
labour required to maintain it in a state of vitality is not yet by 
any means fuUy realized or provided for, either in our great 
national establi^raents or in our smaller local institutions. 

Often as it has been said, it cannot be too often repeated^ that 
the real objects of forming collections, of whatever kind (apart, 
of course, from the mere pleasure of acquisition — sometimes the 
only motive of private collectors), and which, although in very 
different degrees, and often without being recognized, underlie 
the organization of all museums, are two, vmich are quite 
distinct, and sometimes even conAtcting. The fir<t is to adynnce 
or increase the knowledge of some given subject ThH is 
generally the motive of the individual collector, whose expe- 
rience shows him the vast assistance in forming definite ideas in 
any line of research in which he may be occupied that may be 
derived from having the materials for its study at his own 
command, to hold and to handle, to examine and compare, to 
take up and lay aside whenever the favourable moment to do so 
occurs. ,Bat unless his subject is a very limited one, or his 
means the reverse, be soon finds the necessity of consulting 
collectioos based on a larger scale than his own. Very fisw 
people have any idea of (he multiplicity of specimens reaulred 
for the purpose of Wbrkftig out many of the simplest problems 
concerning the life-history of animals or plants. The naturalist 
has fraquently to ransack all the museums, both public aol 
private, of Europe and America in the endeavour to compose 
a monograph of a single common genus, or even species, that 
shall include all quesuons of its variation, changes in different 
seasons and under different climates and conditions of existence, 
and the distribution in space and lime of all its modifications. 
He often has to confess at the end that he has been baffled in 
his research for want of the requisite materials for such an 
undertaking; Of course this ought not to be, and the time will 
come when it will not bCi hut that time is very far off yet. 

We all know the old saying that the craving for riches grows 
as the wcfilth itself increases. Something similar is true of 
scientific coUectfons br^ht, together for the purpose of 
advancing knowledge. The 'larger they are the more their 
deficienciM seem to become conspicuous ; the more desirous 
we are to fill up the gaps which prov<^ingly interfere with our 
extracting from them the complete stoiy they have to tell. 

Such collections are, however, only for the advanced student, 
the man who has already become acquainted with the elements 
of his science, and is in a position, by his knowledge, by his 
training, and by his observing and reasoning capari^, to take 
advanta^ of such material to carry on the Subject to a point 
beyond that at which he takes it up. 

But there is another and a far larger class to whom mnsenms 


mately expected of Is that they neariy always oonfosnid 
together the two dhtlnct qbjepts which they may falfil> and by 
attempting to combine both in the same eiudmon praetbaUy 
accomplish neither. 

In accordance with which Of those two object^ which be 
briefly called ivs^rcA and Is the main end of the 

museum, so should the whole be pritus^ily arranged ; and in 
accordance with the object for which each spMlmen is requiredi 
so should it bs treated^ 

The specimens kept for research, for advancement of know- 
ledge, for careful investigatioim in structure and development, 
or for showing the minute distinctions which must be studied In 
working out the problems connected with variations of speaes 
according to age, sex, season, or locality ; for fixing the limits 
of geographical distribution, or determining the range in 
geological time, must be no: only exceedin^y numerous (so 
numerous, inde^, that it is almost impossible to put a limit on 
what may be required for sudi purposes), but they must also be 
kept under su^ conditions as to admit of ready and cl^se* 
examination and comparison. 

If the whole of the specimens really required for enlarging the 
boundaries of zoological or botanical science Were be displayed 
in such a manner that each one could be distinctly seen by any 
visitor sauntering through the public gaWerieiif of a muieutn, the 
vastnees and expense ot the institution would be quite out all 
proportion to Its utility; the specimens themselves would be 
qaite inaccessible to the examination of ^ all those capable of 
deriving instruction from them, and, owing to the iujurious 
effects of continued exposure to light up)n the greater number 
of preserved natural objects, would ultimately lose a large part 
of tneir permanent value. Collections of this kind must, in fiust, 
be treated as the books in a library, and be used only for 
consultation and reference by those who are able to read and 
appreciate their contents. To demand, as has been ignorantly 
done, that all the specimens belonging to our national mu teams, 
for instance, should be displayed in cases in the public galleries, 
would be equivalent to asking that every boolc in a library, 
instead of being shut up and arranged on shelves for consultation 
when required, should have eveiy single page framed and glazed 
and hung on the walls, so that the humblest visitor as he passes 
along the galleries has only to open bis eyes and revel in the 
wealth of literature of alt ages and all countries, without so much 
as applying to a custodian to open a case. Such an arrangement 
is perfectly conceivable. The idea firon some points of view U 
magnificent, almost sublime. But imagine the space required 
for such an arrangement of the national library of books, Or, 
indeed, of any of the smallest local libraries ; imagine the incon- 
venience to the real student, the disadvantages which he would 
be under in reading the pages of any work fixed in an immovable 
position beneath a glass case ; think of the enormous distances 
ke would often have to traverse to compare a reference or Verify 
a quotation, and the idea of sublimity soon gives place to its 
usual antithesis. The attempt to display every bird, every 
insect, shell, or plant, which is or ought to be in any of ovr great 
museums of reference would produce an eiactly similar resmt. 

In the arrangement of cdllections designed for research, whtds, 
of course, will contain all those precious specimen^ catfoo 


But there is another and a far lUiger class to whom museums 
are or should be a powerful means of aid in acquiring knowledge. 
Among such those who are commencing more serious atuoles 
may be included ; but I especially refer to the much wore 
numerous class, and one whiim it may be hoped will yeftr by 
year bear a greater »laiive proportion to the general population I 
of the country, who, without having the tiose, the opportunities, 
or the abilities to make a profound study of atiy bran^ of 
science, yet take a ^eral interest In Us progress, and wiw to 
possess some knowledge of the world around them and of the 
principal facts ascertained wUh^ regard to it, or at least Uome 
portions of it. For such pinnns museums may be^ when well 
ofganiaed and arranged, of betfofit to a degree that at present 
can scarcely be realized. 

To difin^ knowledge amongpersons of this class is the adcond 
of the two purposes m museums of which I baVe spokon. 

1 believe that the main cau|le of what may be fairly 
the follure of the majority of maseuwa-r^p^idly muamihts of 
AUtmial history— ’to p^orm the fonctioiu toat m%ht be logitl- 


of course, will contain all those precious specimens qalted 
*' types, ^ whkii must be appealed to through all time to deter- 
mine the species to which a name was originally glvetb the 
principal points to he ahned at are--^e preservation of the 
objects from all influences deleterious to them, especially dust, 
light, and damp ; their ahsolutely Oorrect identi&cation, and tOOord 
of every eircumslanoe that need be kno wn of their history ; theSr 
dassificarion and storage in such a winner that each one Oan be 
found without dUBoulty or loss of time | and, both on acc mm of 
' expense as well as oonvenienee of access, tb^ should be made to 
occupy as small a sps^ as h compaiihfo with these requireniedtf 
They should be ke^ in rooms prorim with auitablo tables hh4 
good light for their examination, aodwHhih reach of the nheeseary 
books of Ittforenoe on the partioilar suMeots which the speOfihehs 


IBustrate, FunhenaorO, the rooms should be so situated mt 


spechnshs aw pmbimted tu ohs hfuftmng, it is Sm m 

cdoaer the eondyUlly id m)km thwe of apy bartieulSr f^ui^rker 
d the greater win be the oc^vdhiebea potb pf atna 


placed the, greater will be the qc^Vdhieihce mbiaf jitncMi 
edratora, for id ^ FWW 1% 
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On the otiwt tuundf in k collection amused for the instruction 
of the general visitor, the conditions under which the specimens 
am kept ehoold be totally xlifferent In the first place, their 
numbers must be strictly limited, according to the nature of the 
subject to be illustrated and the space available. None must be 
placed too high or too low for ready examination. There must 
be no crowding of specimens one behind the other, every one 
^ing perfectly and distinctly seen, and with a clear space around 
it. Imagine a picture gallery with half the pictures on the walls 
{lartially or entirely concealed by others hung in front of them : 
the Idea seems preposterous, and yet this is the approved arrange* 
ment of s[)ecimen8 in most public museums. If an object is worth 
patting into a gallery at ail it is worth such a position as will 
enable it to be seen. Every specimen exhibited should be good 
of its kind, and all available skill and care should be spent upon 
its preservation and rendering it capable of teaching the lesson it 
is intended to convey. And here I cannot refrain from saying a 
word upon the sadly neglected art of taxidermy, which continues 
to fill the cases of most of our museums with wretched and 
repulsive caricatures of mammals and birds, out of all natural 
proportions, shrunken here and bloated there, and in attitudes 
absolutely impossible for the creature to have assumed while 
alive. Happily there may l>e seen occasionally, especially where 
amateurs of artistic taste and good knowledge of natural history 
have devoted themselves to the subject, examples enough— and 
you are fortunate in possessing them in Newcastle — to show that 
an animal can be converted after death, by a proper application 
of taxidermy, into a real life-like representation of the original, 
perfect in form, proportions, and attitude, and almost, if not 
aoite, os valuable for conveying information on these points as 
the living creature itself. The fact is that taxidermy is an art 
resembling that of the painter, or rather the sculptor ; it requires 
natnral genius as well as great cultivation, and it can never be 
permanently improved until we have abandoned the present 
conventional low standard and low payment for bird-stuffing,'' 
which is utterly inadequate to induce any man of capacity 
to devote himself to it as a profession. 

To return from this digression, every specimen exhibited 
should have its definite purpose, and no absolute duplicate should 
on any actant be permitted. Above all, the purpose for which 
eacli specimen is exhibited, and the main lesson to be derived 
from it, must, be distinctly indicated by the labels affixed, both as 
headings of the various divisions of the series, and to the indi< 
vidual specimens, A well-arranged educational museum has been 
defined as a collection of instructive labels illustrated by well- 
selected specimens. 

What is, or should be, the order of events in arranging a por- 
tion of a public museum? Not certainly, as too often happens 
now, bringing a number of specimens together almost by nw- 
haeard, and cramming them as closely as possible in a cose far 
too snuill to hold them, and with little reference to their order or 
to the possibility of their being distinctly seen. First, as I said 
before, you must have your curator. He must carefully consider 
the object of the museum, the class and capacities of the persons 
for whose instruction it is founded, and the space available to 
carry out this object. He will then divide tne subject to be 
illustrated into groups, and consider their relative proportions, 
according to which he will plan out the space. Large labels will 
next l)e prepared for the principal headings, os the chapters of a 
book, and smaller ones for the various subdivisions. Certain 
propMitions to be illoatrated, either in the structure, classification, 
geographical distribution, geoh»icat position, habits, or evolution 
of the subjects dealt with, wiU be laid down and reduced to 
definite and concur language. Lastly wilt come the illustrative 
Specimens, each of wbldi os procured and prepared will laU into 
i^ appropriate place. As it is not always easy to obtain these at 
the time that they are wanted, gaps will ofm have to be left, 
but these, if prop^yntiliaed by drawings or labels, may be made 
nearly as useml as if occupied Sy the actual ^mcimens. 

A public exhibition which is intended to be instructive and 
ibtoresting must never be crowded. . There is, indeed, no reason 
why it ever should be. Every such exhibition, whether on a 
Or small scale, can only contain a represemative series of 
epMimeia, selected with a view to the needs of the particular 
mais of pe^nr who are Hk^y to visit the gaUeicy, and the number 
of specimeiis exhibited should be adapted to .the space available, 
therefore, rarely any exotisefbtftiUng it np in such a 
mabher ns tp int^ere with the bUl <3* every rpedmen 
idibWti. ; A crowded goltcty,. .ekeept in some very exicwptlohal 
clrthiiisitim at once condotnns the enixtor, ai tifo remedy is 


generally in his own hands. In order to avoid it he has tu>thing 
to do but sternly to eliminate all the less important specimens. 
If any of these possess features of historical or scientific interest 
demanding their permanent preservation, they should be kept in 
the reserve collections ; if otherwise, they toould not be kept 
at all. 

The ideal public museums of the future will, however, require 
far more exhibition space than has hitherto been allowed ; for 
though the number of specimens shown may be fewer than is 
often thought necessary now, each will require more room if the 
conditions above described are carried out, and especially if it iS 
thought desirable to show it in such a manner as to enable the 
visitor to realise something of the wonderful complexity of the 
adaptations which bring each species into harmonious relation 
with its surrounding conditions. Artistic reproductions of natural 
environments, illustrations of protective resemblances, or of 
fecial modes of life, all require much room for their display. 
This method of exhibition, wherever faithfully carried out, is, 
however, proving both instructive and attractive, and will doubt- 
less be greatly extended. 

Guide-books and catalogues are useful adjuncts, os being 
adapted to convey fuller information than labels, and as they can 
be taken away for study during the intervals of visits to the 
museum, but they can never supersede the use of labels. Any- 
one who is in the habit of visiting picture galleries where the 
names of the artists and the subject are affixed to the frame, and 
others in which the information has in each case to be sought by 
reference to a catalogue, must appreciate the vast superiority in 
comfort and time-saving of the former plan. 

Acting upon such principles as these, every public gallery of a 
museum, w nether the splendid saloon of a national institution or 
the humble room containing the local collection of a village 
club, can be made a centre ox instruction, and will ofter interests 
and attractions which will be looked for in vain in the majority 
of such institutions at the present lime. 

One of the best illustrations of the different treatment of 
collections intended for research or advancement of knowledge, 
and for }>opaikr instruction or diffusion of knowledge, is now to 
be seen in Kew Gardens, where the admirably constructed and 
arranged herbarium answers the first purpose, and the public 
museums of economic botany the second. A similar distinction 
is carried out in the collections of systematic botany in the 
natural history branch of the British Museum, with the additional 
advantage of close contiguity ; indeed, as an example of a 
scheme of good museum arrangement (although not perfect yet 
in details), I cannot do better than refer to the upper story in 
the east wing of that institution. The same principles, little 
regarded in former times in this country, and still unknown in 
some of the largest Continental museums, are gradually per- 
vading every department of the institution, which, from its 
national character, its metrc^litan position, and exceptional 
resources, ought lo illustrate in perfection the ideal of a natural 
history museum. In fact, it is only in a national institution that 
on exhaustive research collection in all branches of natural 
history, in which the specialist of every group can find his own 
subject fully illustrated, con or ought to be attempted. 

As the actual comparison of specimen with specimen U the 
basis of zoological and Iwtanvcal research, and as work done 
with imperfect materials is necessarily imperfect in itself, it is far 
the wisest policy to concentrate in a few great central institutions, 
the number and situation of which must be determined by the 
population and the resources of the country, all the collections, 
es^cially those containing specimens already alluded to as so 
dear to the systematic naturalist, known as authors’ “types,*' 
re(j[uijred for original investigations. It is far more advanto^ous 
to the investigator to go to such a collection and take up his 
temporary abode there, while his research is being carried out, 
with all the material required at his hand at once, than to travel 
from place to place and pick up piecemeal the information he 
requires, without opportunity of direct comparison of specimens. 

Z 4o not say that collections for special study, and even 
original research, should not, under particular circumstances and 
liimtations, be formed at museums other than central national 
institutions, or that nothing should be retained in provincial 
museums but what is of a directly educational or elementary 
nature, A local collection, illustratinc the fauna and flora of 
the district, should be part of every such museum ; and this may 
be carried to almost any amount of detail, and therefore in 
many cases it would be very unadvisablo to exhibit the whole of 
U. A aeleotimt 'of the ioo?t important objetis may be shown 
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ntbdttr the conditions described above, and the remainder carefully 
2>reserved in cabinets for the study of speckUsts. 

It is also very desirable in nil museums, in order that the 
eahsbited series Should be as little disturbed as possible in 
arnmgement, and be always available for the purpose for which 
it is intended, that there should be, for the use of teachers and 
students, a supplementary set of common objects, which, if in- 
jured, could be easily replaced. It must not be forgotten that 
the sealous investiga or and the conscientious curator arc often 
the direst antagonists : the one endeavours to get all the know- 
ledge he can out of a specimen, regardless of its ultimate fate, 
an<r even if his own eyes alone have the advantage of it ; the 
other is content if a limited portion only is seen, provided that 
can be seen by everyone both now and hereafter. 

Such, then, is the primary principle which ought to underlie 
the arrangement of all museums — the distinct separation of the 
two objects for which collections are made j the publicly ex- 
hibited collection being never a store-room or m^azine, but 
onlv such as the ordinary visitor can understand ana profit by, 
and the collection for students being so arranged as to afford 
every facility for examination and research. The improve- 
ments that can be made in detail in both departments arc 
endless, and to enter further into their consideration would lead 
me far beyond the limits of this address. Happily, os I said 
before, the subject is receiving much attention. 

I would willingly dwell longer upon it — indeed I feel that I 
have only been able to touch slightly and superficial ly upon 
many questions of practical interest, well worthy ot more 
detailed consideration - but time warns me that I must be 
bringing this discourse to a close, and I have still said nothing in 
reference to subjects upon which you may expect some words on 
this occasion. 1 mean those great problems concerning the 
laws which regulate the evolution of organic beings, problems 
which agitate the minds of all biologists of the present day, and 
the solution of which is watched with keen interest by a far 
wider circle— a circle, in ket, coincident with the intefUgettce 
and education of the world. Several communicatioos con- 
nected with these problems will be brought before the Sectional 
meetings during the next few days, and we shall have the 
advantage of hearing them discussed by some of those who by 
virtue of their speci.^ attention to and full knowledge of thess 
subjects are most competent to speak with authority. It is 
therefore for me rather delicate ground to tread upon, especially 
at the close of a discourse mainly devoted to another question, 
I will, however, briefly point out the nature of the problema and 
the lines which the cwleavour to solve them will probably take, 
without attempting to anticipate the details wnich you wUl 
doubtless hear most fully and ably stated elsewhere. 

I think J. may safely premise that few, if any, original workers 
at any braifch of biology appear now to entertain serious doubt 
about the gcperal truth of the doctrine that all existing forms of 
life have been derived from other forms by a natural process of 
descent with modification, and it is generally acknowledged that 
to the records of the past history of life upon the earth we must 
look for the actual confirmation of the truth of a doctrine which 
accords so strongly with all we know of the present history of 
living beings. 

Prof. Huxley wrote in 1875 : — ** The only perfectly safe found- 
ation for the doctrine of evolution lies in the historical, or rathei 
arclioeological, evidence that particular organisms have arisen by 
the gradual modificidion of their predecessors, which Is furnished 
by &sU remains. That evidence is doily increasing in amount 
and in weight, and it is to he hoped that the comparisons of the 
actual pedigree of these organisms with the phenomena of their 
development may furnish some criterioit by Which the validi^ of 
phylogenic conclusions deduced from the facts of embiyoK^ 
alone may be satisfactorily tested.’’ 

Palseontology, however, as we all know, reveals her secrets 
with no open hand. How can we be reminded of this more 
forcibly than by the discoveiy announced scarcely three months 
ago by Prof. Marsh of numerous mammalian remains from 
formations of the Cretaceous period, the absence of which had 
BO long been a source of difficulty to all zootogists ? MThat vktas 
does this discovery open of future possibilities, and What 
thorough discredit, u any were needed, does it throw on Ae 
value of negative evidence in nveh matters I Bearing fully in 
mind the necessary imperfection of the record we have to deal 
with, 1 think that no one taking impartkl survey of the recent 
prog^ of palmontological diBCovery can doubt that the wvldeece 
in lavonr of a giwdim) modlflcatKin of living ftmns k stll} 


steadily Increafling. Any fegular progreisive smies of chaises 
of structure oolnading with dsanges in time can of course oily 
be expected to be preserved and to come again before our eyes 
under such a favourable combination of circumstances as must 
be of mast rare occumitce ; but the links, more or less perfect^ 
of many such series are continually being revealed, and the 
^scovery of a single intermediate form is often of immense 
interest as indicating the path along which the modification 
from one apparently distinct form to another may have taken 
place. 

Though palaeontology may be apjxialed to in support of the 
conclusion that modifications have taken place as time advanced, 
it can scarcely afford any help in solving the more difficult 
problems which still remain as to the methods by which the 
changes have been brought about. 

JEver since the publication of what has been truly described as 
the “creation of modern natural histoiy,” Darwin’s work on the 
•‘Origin of Species,” there has been no little controversy as to how 
for all the modifications of living forms can be accounted for by 
the principle of natural selection or preservation of variations 
best adapted for their surrounding conditions, or whether any, 
and if so what, other factors have taken part in the process of 
organic evolution. 

It certainly cannot be said that In these later times the con- 
troversy has ended. Indeed those who are acquainted with 
scientific literature must know that notes struck at the last annual 
meeting of this Association produced a series of reverberations, 
the echoes of which have hardly yet died away. 

Within the last few months also, two important works have 
appeared in our country, which have placed iti an accessible and 
popular form many of the data upon which the most prevalent 
views on the subject are based. 

The first is, “Darwinism: an Exposition of the Theory of 
Natural Selection, with some of its Applications,” by Alfred 
Russel Wallace. No one could be found so competent to give 
such an exposition of the theory as one who was, simultaneously 
with Darwin, its independent originator, but who, by the title he 
has chosen no less than by the contents of the ^ok, has, with 
rare modesty and self-abnejjation, transferred to his fellow- 
labourer all the merit of the discovery of what he evidently looks 
upon 4 s a principle of overwhelming importance in the economy 
of Nature; “supreme,” indeed, he says, “to an extent which 
even Darwin himself hesitated to claim for it.” 

The other work 1 refer to is the English translation of the 
remarkable “ Essays npon Heredity and Kindred Biedogical 
Problems,” by Dr. August Weismann, published at the Oxford 
Clarendon Press, in which is fully discussed the very important 
but still oj>en question — a question which was brought into 
prominence at our meeting at Manchester two ^ears ago— of the 
transmission or non- transmission to the offspring of characters 
acauired during the lifetinie of the parent. 

It is generally recognised that it is one of the main elements 
of Darwin's, as well as of every other theory of evolution, that 
there is in every individual organic being an innate tendency to 
vary from the standard of its predecessors, but that this tendency 
is nsually kept under the sternest cohtrol by the opposite ten- 
dency to resemble them, a force to which the terms “ heredity " 
and “ atavism ” are applied. The causes of this initial tendimcy 
to vary, as well as those of its limits and prevailing direcdon, 
and we circumstances which fovour its occaSiofial bursting 
through the constrain!^ principle of heredity offer an endless 
field for speculation. Though several theories of variation have 
been suggested, 1 think that no one would venture to say we 
have passed beyond die threshold of knowledge of the su^eot 
at present. 

Taking for granted, however, as we all do, that this tendency 
to individuid variation exists, then comes the question, What 
are the agents by which, when it has asserted Itself, it {4 cem" ' 
trolled or.Arected in such a manner as to produce the pemaiMbt 
or apparently permanent modifications of organic structores which 
we see aiouna us ? Is “ survival of the fittest ” or (ueservatido 
by natural selection Of those variations best adapted .for their 
surrounding coaditic 9 is (the essentially Darwinian or stlil move 
essentkdly Wallsdian doctrine) ^ sole or even the of 
these imtt? Can toolation, or the revived Lamarckian vfuw 
of the miect action of the enviremmeut, or the eflfeets of Use or 
disuse accnnmlatii^ Ihrotmh geriemtio^ e^her ringly cm oepr, 
binedy acoouat w aH^mr salt necessary p invoke the ald wiy 
the mimemu subM&ary methodi hf aelemion whkh k|ve 
been foggisted as foctoia in hvingii^ alMSit J^e grem 
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AnYom who closely followed these discussions, especially 
those dhectly ui^ what is generally regarded as 

the most important factor of evolution — natural selection, or 
** survival of the fittest '*-^annof fail to have noticed the appeal 
constantly made to the advantage, the utility, or otherwise of 
special organs, or modifications of organs or structures to their 
possessors. Those who have convinced themselves of the 
universal application of the doctrine of natural selection hold 
that every particular structure or modification of structure must 
be of utUitv to the animal or plant in which it occurs, or to some 
ancestor of that animal or plant, otherwise it could not have 
come into existence ; the only reservation being for cases which 
are explained by the principle which Darwin called “correlation 
of growth," Thus the extreme natural selectionists and the old- 
fasbioned school of teleologists arc so far in agreement. 

On the other band, it is held by some that numerous structures 
and modifications of structures are met with in Nature which are 
manifestly useless ; it is even confidently stated that there are 
many which arc positively injurious to their possessor, and 
therefore could not possibly have resulted from the action of 
natural selection of favourable variations. Organs or modifi- 
cations when in an incipient condition are especially quoted as 
bearing upon this difitculty. Hut here, it seems to me, we are 
continually appealing to a criterion by which to test our theories 
of which we Know far too little, and this (though often relied 
upon as the strongest) is, in reality, the weakest point of the 
whole discussion. 

Of the variations of the form and structure of organic bodies 
we are beginning to know something. Our museums, when 
more complete and better organized, will teach us much on this 
branch of the subject. 7'hcy will show us the infinite and 
wonderful and apparently capricious modifications of form, 
colour, and of texture to which every most minute portion of 
the organization of the innumerable creatures which people the 
earth is subject. They will show us examples of marvellously 
complicated and delicate arrangements of organs and tissues in 
many of what we consider as almost the lowest and most im* 
perfectly organized groups of beings with which we are 
acquainted. But as to the use of all these structures and 
modifications in the economy of the creatures that possess 
them, we know, I may almost say, nothing, and our museums 
will never teach us these things. If time permitted I might 
give numerous examples in the most familiar of all animals, 
whose habits and actions are matters of daily observation, with 
whose llfe-histoiv we are as well acquainted almost as we are 
with our own, 01 structures the purposes of which are still most 
doubtful. There are many such even in the composition of our 
own bodies. How, then, can we expect to answer such questions 
when they relate to animals known to us only dead specimens, 
or by the most transient glimpses of the living in a 'state of 
nature, or when kept under the most unnatural conditions in 
confinement ? And yet this is actually the state of our knowledge 
of the vast majority of the myriads of living beings which 
inhabit the earth. How can we, with our limited powers of 
oboervation and limited capacity of imagination, venture to 
pronounce an opinion as to the fitness or unfitness for its 
complex surroundings of some peculiar modification of structure 
found in some strange animal dredged up from the abysses of 
the ocean, or which passes its life in the dim seclusion of some 
tropicai forest, and Into the essential conditions of whose 
existence we have at present no ]30ssiUe means of putting our- 
selves in any sort of relation ? 

How true it is that, as Sir John Lubbock says, “we find in 
animals complex oigans of ^se richly supplied with nerves, 
but the functions of which we are as^t peerless to explain. 
There majr be fifty other senses as different feom ours as sound 
is from sights and even within the hioui;uUries of our own 
senses there may be endless sounds whkdi we cannot hear, and 
colouni m diwent as red from green of which we have no 
ootioeptkxn; These and a thousami other questions remain for 
solution. The femilior world which surrounds us may be a 
lOta^ di|%reitt place to other animals. To them it may be full 
of uausfe whiGh we cannot hear, of; colour whfeh We cannot see, 
of sensations which we cannot oemceive." 

^ The fact is that neariy all aitempU to asSign purposes to the 
varied structores of anlmaU are< the merest .guesses and 
aseumpHona The wtifera on nattuial history of the eaiiy part of 
century, who “ for c^ry yfhf must have a wherefofc,” 
alipim in these guessei^ which wider knowledge shows to be 
Matty of the argumonts for «r against natural 


selection, based upon the assumed utility or equally assumed use- 
lessness of animal and vegetable structures, have nothing more 
to recommend them. In fact, to say that any part of the owan' 
ization of an animal or plant, or any habit or instinct with which 
it is endowed, is useless, or htill more injurious^ seems to inc an 
assumption which, in our present state of knowledge, we arc not 
warranted in making, The time may come when we shall have 
more light, but infinite patience and infinite labour are required 
before we shall be in a position to speak dogmatically on these 
mysteries of Nature— labour not only in museums, laMratories, 
and dissecting-rooms, but in the homes and haunts of the 
animals themselves, watching and noting their ways amid their 
natural surroundings, by which means alone we can endeavour 
to penetrate the secrets of their life-history. But until that time 
comes, though we may not be quite tempted to echo the dcspalr- 
ing cry of the i>oet, “ Behold, we know not anything," a frank 
confes<^ion of ignorance is the most straightforward, indeed the 
only honest position we can assume when questioned on these 
subjects. 

However much we may be convinced of the supreme value of 
scientific methods of observalion and of reasoning, l>oth as mental 
training of the individual and in the elucidation of truth and 
advancement of knowledge generally, it is impossible to be blind 
to the fact that we who arc engag^ with the investigation of 
those subjects which are commonly acceplctl as belonging to the 
domain of physical science are unfortunately not alwa 3 rs, by 
virtue of being so occupied, possessed of that most precious gift, 
“ a right judj^ment in all things." 

No one intimately acquainted^with the laborious and wavering 
steps of scientific progress (I can answer at least for one branch 
of it) can look upon that progress with a perfect feeling of 
satisikciion. 

Can it be said of any of us that our observations are always 
accurate, the materials on which they are based always 'sufficient, 
our reasoning always sound, our conclusions always legitimate ? 
Is there any subject, however limited, of which our knowledge 
can be said to have reached finality ? 

Or if il happens to any of us as to 

A man who looks at gUitt 
On it may stay his eye. 

Or if he pleases through it pass 
And then the heavens espy, 

are not those heavens which are beyond the immediate objects 
of CHir observalion coloured by our prejudices, pre possess ioiw, 
emotions, or imagination, as often as they are defined by any 
profound insight into the depth of Nature's laws ? In most of 
these questions an open mind and a sus|wnded judgment 
appear to me the true scientific position, whichever way our 
inclinations may lead us. 

For myself, 1 must own that when I endeavour to look beyond' 
the glass, and frame some idea of the plan upon which all the 
diversity in the organic world has been brought aliout, I sec the 
strongest grounds for the belief, difficult as it sometimes is in the 
face of the strange, incomprehensible, apparent defects in struc- 
ture, and the far stranger, weird, ruthless savagery of habit, often 
brought to light by the study of the ways of living creatures, 
that natural selection, or survival of the fittest, has, among other 
agencies, played a most important part in the production of the 
present condition of the organic world, and that it is a universally 
acting and beneficent force continually tending towards the 
perfection of the individual, of the race, and of the whole living 
world. 

1 can even go further and allow my dream stilt thus to run j — 

Oh yet wo tnifit that Bomohow good 
Will trt the final goal of ill,— 

lltat nothing walks with aimlen feet, 

That not one life shall be destroyed 
Or caRt as rublnsh to the void 
When God hath made the pile complete. 


SECTION A. 

MATHEMATICS AND PHYSICS. 

Opening Address by Captain W. db W. Abney, C.B,, 
K.E., F,R,Sm F.R.A.S., Presiden'v of the Section. 

The occupant of Ihu chair has a difficult task to perform, 
should he attempt to address himself to all the various subjects 
with which this Section is intpposed to deal, I find that it has 
very often been the custom that some one branch of science 
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»Kotlld ht touched upon by the President^ and 1 shall, as as 
in me Hes, follow this proc6dute. 

This year Is the jubilee of the priicttcal introduction of photo- 
(^raphy by Daguerre and Fox ’TObot, and I have thought I 
might venture to take up your time with a few remarks on the 
^ect of light on matter. 1 am not going into the history of 
photography, nor to record the rivalries that have existed in 
regard to the various discoveries that have been made in it. A 
brand-new history of photography, 1 dare say, would be inter- 
esting, but I am not the person to write one ; and I would 
refer those who desire inmrmation as to facts and dates to 
histories which already exist. In foreign histories perhaps we 
English suffer from speaking and writing in a language which 
is not understanded of the foreign people ; and the credit of 
several discoveries is sometimes allotted to nationalities who 
have no claim to them. Be that as it may, I do not propose 
to correct tliese errors or to make any reclamations. 1 leave 
that to those whose leisure is mater than mine. 

1 have o^en asserted, ano 1 again assert, that there should 
be no stimulus for the study of science to be compared to photo- 
graphy. Step by stepi, as it is pursued, there will be formed 
a desire for a knowleilge of all physical science. Physics, 
chemiwtiy, optics, and mathematics are all rec^uired to enable 
it to be studied as it should be studied ; and it has the great 
advantage that experimental work is the very foundation of it, 
and results of some kind are always visible. I perhaps am 
taking an optimist view of the matter, seeing there are at least 
25,000 living facts against my theory, and perhaps not 1 per 
cent, of them in its favour. L mean that there are at least 
25,000 persons who take photographs, and scarcely x per cent* 
who know or care anything of the **why or wherefote^' of the 
processes, so far as theory is concerned. If we call photo- 
graphy ' applied science, it certainly has a larger number 
who practise It, and probably fewer theorists, than any other. 

He would be a very hardy man who would claim for Niepce, 
Paguerre, or Fox Talbot the discovery of photographic action on 
matter. The knowledge that such an action existed is probably 
as old aS the fair-skinned races of mankind, who must have 
recognized the fact that light, and particularly sunlight, had a 
tanning action on the epidermis, and the women then, as now, 
DO doubt took their precautions against it. As to what change 
the body acted upon by light underwent it need scarcely he 
said that nothing was known, and perhaps the first scientific 
experiment in this direction was made rather more than a 
hundred years ago by Schede, the Swedish chemill* who found 
that when chloride of silver was exposed to light chlorine was 
given off. It was not till well in the forties that any special 
attention was given to the action that light had on a variety of 
different bodies ; aod then Sir John lierschel, Robert Hunt, 
Becquerel, Drapei^^ end some few others carried out experiments 
which may be teKtu^ classical. Looking at the papers which 
lierschel pabtislw 'in the Philosophical Transactions and else- 
where, it IS not tod much to say that they teem with facts which 
support the grand principle that without the absorption of 
radiation no cnemical action can take place on a body ; in other 
words, we have in them experimental proofs of the law of the 
conservation of energy. Hunt's work, “ Researches on Light," 
is still a text-book to which soicntiBc photographers refer, and 
one is sometimes amazed at the amount of experimental data 
which is placed at our disposal The conclusions that Hunt 
drew from his experiments, however, must be taken with caution 
in the li|ht of our pre$ent knowledge, for they are often vitiated 

the idea which he firmly held, that radiant heat, light, and 
cnemical action, or actinism, were each of them properties, 
instead of the effects, of radiation. Again, wc have to be carefhl 
in taking seriously the experiments carried out with light of 
various colours when such colours were produced by absorbing 
media. It must be remembered that an appeal to a moderately 
pure spectrum is the only appeal which can be lejtitimately made 
os to the action of the various, components of radiation, and even 
then the results must be carefaUr weighed before any definite 
conclusion can be drawn, . Kc photographic result can he con- 
sidered as final unless the experiments he varied under all the 
conditions which may possibly arise. Coloured media are 
dangerous as enahliiig tmstwdrthy conclusions to be drawn, 
unless the characters of sa^ media have been thoroughly 
wen tested and the Ught they tranwnit has been measuied. i|n 
impure npectram Is even mom dangerous to rely upon, sixice fbe 
access of white Ikht would he sum to vitiate the reeuUfc 
Feihgps one of the most pualixxg phenomeiia to he met wkh 


In photography is the feat that the range of photographic action 
is spmaa over so lam^ a portion of IM speetmm. The same 
difficulty of course U felt in the matter of absorption, since the one 
is dependent on the other. Absorption by a body we are ac- 
customed* and indeed obliged by the law of the conservation of 
energy, to consider as due to the transference of the enem ef 
the ether wave-motion to the molecules and atoms compneiiig 
the body by increasing the vibrations of one or both. 

In the case where chemical action takes place we can scarcely 
doubt that it is the atoms which in a great measure take up the 
energy of the radiation falling on them, as chemical action is 
dependent on the liberation of one or more atoms from the 
molecule, whilst, when the swings of the molecules are increased 
in amplitude, we have a rise in temperature of the body. 1 shall 
confine the few remarks I shall make on this subject to the case 
of chemical action, The molecule of a silver salt, such as bromide 
of silver, chemists are wont to look upon as composed of a 
limited and equal number of atoms to form the molecule. When 
we place a thin slab of this material before the slit of the 
spectroscope we find a total absorption in the violet and ultra- 
violet of the spectrum, and a partial absorption in the blue and 
green, and a diminishing absorption in the yellow and red. A 
I photographic plate containing this same salt is acted upon in 
exactly the same localities and in the same relative degree as 
where the absorption takes place. Here, then, we have an 
example of, it may be, the vibrations of four atoms, one 
of which at least is isochronous, or partially so, with the 
waves composing a large part of the visible spectrum. 
The explanation of this is somewhat obscure. A mental 
i picture, however, may help us. If we consider that, owing 
I to the body acted upon being a solid, the oscillations of 
I the molecules and atoms are confined to a limited space, it 
: probably happens that between the times in which the atoms 
I occupy, in regard to one another, the same relative positions, 
the component vibrations of, say, two of the atoms vary con- 
siderably in period. An example of what I mean is found in a 
pendulum formed of a bob and an elastic rod. If the bob be 
made to vibrate in the usual manner, and at the same time the 
elastic rod be elongated, it is manifest that we have a pendulum 
of ever-varying length. At each instant of time the period of 
vibration would differ from that at the next instant, if the 
oscillations were completed. It is manifest that increased 
amplitude would be given to the pendulum swings by a series 
j of well-timed blows differing very largely in period ; at the same 
time there would be positions of the pendulum in which some 
one series of well-timM blows would produce the greatest effect. 

In a somewhat similar manner we should ima^ne that the 
ethereal waves should produce increased amplitude in the swing 
of the atoms between very wide limits of ^riod, and, further, 
that there should be one or more ^itions in the spectrum when 
a maximum effect is produced.* I would here remark that the 
shape of the curves of sensitiveness, when plotted graphically, 
of the different salts of silver to the spectrum have a markra 
resemblance to the graphically drawn carves of the three coltmr- 
sensations of the normal eye, os determined by Clerk Maxwell. 
May not the reason for the form of the one be equally applicable 
for the other ? I only throw this out as evidence, not conclusive 
I indeed, that the colour-sensitiveness of the ^e is more probably 
due to a photo^phic action on the sensitive retina than to a 
merely mediant^ action* That thb is the case 1 need soaroely 
say has several times been propounded before* 

The ease with whidi a silver salt is decomposed is lamly, If 
not quite, dependent on the presence of some body whw will 
take up sime of the atoms which are thrown off from it. For 
instance, in chloride of silver we have a beautiful example of 
the necessity of such a body. In the mfdinaiy atmcM^dtem 
chloride is, of course, Coloured by the action of light ; but it It 
be carefully dried and purified, and placed in a good vacuum, it * 
will remain* uDccdourM for years in the strongest sanHgltt* 

Id this case the abesUce of air and moistufe is sufoefent to 
prevent it disoolooriiw 

If in the vacuum, howevef, a drop of merounr be introducud* 
the colorstfon by Ikht U set up. Wehavethteliloriim Ubemted 
from the silver ana combining with the meceitry irs^Nmri wad M, 
ndoute film of calomel formed on the sides of um vesSeL : ; 

Pelicate ogperimtinm show that only U this ibsmfe^ 
ah^ nmssaiy whoa the acrion of %ht , fe m atsoni iot 
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•0 prolottged that its e06ct is visible, but also when the 
eottMUfe or Intensity is so small that the effect is invisible and 
only to be ibund by development. The reason for this 
abfiwbent is not far to seek. If, for instance, silver chloride be 
ea|N>$ed to %h,t in vacuot although the chlorine atoms may be 
swang off from the original molecule, yet they may only be 
swung off to a neighbouring molecule which has lost one of 
its chlorine atoms, and an interchange of atoms merely takes 
place. If, however, a chlorine absorbent be present which has 
a greater affinity for chlorine than has the silver chloride which 
has lost one of its atoms, then we may consider that the chlorine 
atom* will be on the average more absorbed >)y the absorbent 
than by tbe subchloride molecuiea The distribution of the 
swu^-off atoms between the absorbent and the subchloride will 
doubtless be directly proportional to their respective affinities 
for chlorine, and so for the other salts of silver. If this be so, 
then it will be seen that the greater the affinity of the absorbent 
for the halogen the more rapid wUl be the decomposition of 
the silver salt This, then, points to the fact that if any increase 
in tbe sensitiveness of a silver salt is desired it will probably be 
brought al>out by mixing with it some stronger halogen absorbent 
than nos yet been done. 

The question as to what is the exact product of the decom- 
position of a silver salt by the action of light is one which has 
not as yet been fully answered. For my own part, I have my 
strong beliefs and my disbeliefs. I fully believe the ffrst action 
of light to be a very simple one, though this simple action is 
masked by other actions taking place, due to the surroundings 
in which it takes place. The elimination of one atom from a 
molecule of a silver salt leaves tbe muleailc in an unsatUffed 
condition, and capable of taking up some fresh atom. It is this 
capacity which seemingly shrouds the 6rst action of light, since 
when exposure is prolonged (he molccnles take up atoms of 
oxygen from the air or from the moisture in it. Carey Lea. of 
Philadelphia, has within the last three years given some interest- 
ing experiments on the composition of what he calls the photo- 
chforiae of silver, which is the chloride coloured by light, and 
Prof. Hodgkinson has also taken up the matter. Inc con- 
clusioiia the former has drawn are, to my mind, scarcely yet 
to be accepted. According to the latter experimentalist the 
action of light on silver chloride is to form an oxidized subsalt. 
This can hardly be the case, except imder certain conditions, 
since a coloured compound is obtained when the silver chloride 
is exposed in a liquid in which there is no oxygen present. 

This coloration by light of the chloride of silver naturally 
leads our thoughts to the subject of photography in natural 
colours. The question is often asked when photography in natural 
colours will be discovered. Photography in natural colours not 
only has been discovered, but pictures in natural colours have 
been produced. I am not alluding to the pictures produced by 
manual work, and which have from time to time Wen foisted 


on a credulous public as being produced by the action of light 
itself, much to the damage of photography and usually of tbe 
so-called inventors. Roughly st>eaking, the method of pro- 
ducing (he spectrum in its natural colours is to chlorinise 
a silver plate, expose it to white light till it assumes a vblet 
colour, heat till it becomes rather ruddy, and expose it to 
a bright spectrum. The spectrum colours are then impressed in 
tbeir natucal tints. Experiment has shown that these colours 
ate due to an oxidized product being formed at the red end of 
the spectrum and a reduced product at the violet end, Photo- 
graphy in natural colours, however, is only interesting from a 
sdentific point of view, and, so far as I can sec, can never have 
a commercial value. A process to be useful must be one by 
svhich reproductions are quickly made ; in other words. It must be 
adeveltil^ng and not a pAnting process, and it must be taken in 
the Uomera, for any printing process requires not only a bright 
light hut al^ a proloneed eitposure. Now h can be conceived 
tmu in a substance whlob absorbs all tbe visiUe spectrum the 
molecuiee can be so shaken and sifted by the different rays that 
etwtnally they sort themselves into masses which reflect the 

S olar rays by which they are shaken ; hut it is almost— 
he say, quite^mposslble to believe that when this sifting 
has bc«u commenced, as it w«mtd be in the short exposure 
to wfaU a camera picture is submitted^ the safasttooe de^sited 
teimiht up the imaige by purely chemical means would be to 
‘ I as to depjsit In that the particular Sise of particle 
give to the linage the etdoar of the nucleus on which 
[. I am saaare that in the earty days of photo- 
[ a good deataibout! cocima resnUs that had been 



obtained in negatives, where red brick houses were shown as 
red and the blue sky as bluish. The cause of these few coin- 
cidences is not hard to explain, and would be exactly the some 
as when the red brick houses were shown as bluish and the sky 
as red in a negative. The records of the production of the latter 
negatives are naturally not abundant, since they would not attract 
much attention. 1 may repeat, then, that photography in natural 
colours by a printing-out process — by which I mean by the 
action of light alone— is not only possible but has been done, 
but that the production of a negative in natural colours from 
which prints m natural colours might be produced appears, in 
the present state of our knowledge, to be impossible. Supposing 
it were not impracticable, it would be unsatisfactory, as the 
light with which the picture was impressed would be very 
different from that in which it would be viewed. Artists are fully 
aware of this difficulty in painting, and take their precautions 
against it. 

The nearest approach to success in producing coloured 
pictures by light alone is the method of taking three negatives 
of the same subject through different-coloured glasses, comple- 
mentary to the three colour- sensations which together give to 
the eye the sensations of white light. The method U open to 
objection on account of the impure colour of the glasses used. 
If a device could be adopted whereby only those three parts of 
the spectrum could be severally used whicii form the colour- 
sensations, the method would be more perfect than it is at 
present. Even then perfection could not be attained, owing to 
a defect which is inherent in photography, and which cannot be 
eliminated. This defect is the imperfect representation ofgrada- 
,tion of tone. For instance, if we have a strip graduated from 
what we call black to white (it must be recollected that no tone 
can scientifically be called black, and none white) and photo- 
graph it, we shall find that in a print from the negative the 
dark ness which is supposed to represent a grey of equal mixtures 
of black and white by no means does so unless the black is not 
as black nor the white as white as the original. The cause of 
this untruth fulness in photography has occupied my attention 
for several years, and it has been my endeavour to find out 
some law which will give us the density of a silver deposit on a 
negative corresponding with the intensity of the light acting. 
I am glad to say that at the beginning of this year a law dis- 
closed itself, and I find that the transparency of a sliver deposit 
caused by development can be put into the form of the law of 
error. 

This law can be scarcely empiric, though at first sight it appears 
that the manipulations in photography are so loose that it should 
be so. It is this very looseness, however, which shows that the 
law is applicable, since in all cases I have tried it is obeyed. 
That there are theoretical difficulties cannot be denied, but it is 
believed that strictly theoretical reasoning will eventually reconcile 
theory with observation. 

This want of truth in photography in rendering gradation, then, 
puts it out of the range of possibility that photography in natural 
colours can ever lie exact, or that the three negatives system can 
ever get over the difficulty. 

One of the reproaches that in early days was cast at 
photography was its inability to render colour in its proper 
monochromatic luminosity. Thus whilst a dark blue was 
rendered as white in a print — that is, gave a dense de- 
posit in a negative— bright yellow was rendered as black in 
a print, or nearly so— that is, as transparent or nearly trans- 
parent glass in the negative. To the eye the yellow might be far 
more luminous than tne blue, but the luminosity was in the 
photograph reversed. 1 need scarcely say that the reason of this 
svant of truth in the photograph is due to tne want of sensitiveness 
of the ordinarily used silver salu to the least refrangible end 
of the spectrum. Some fifteen years ago Dr. U. W. Vogel an- 
nounced the fact that when ailver salts were stained with ^rtahi 
dyes they became sensitive to the colour of the spectrum, which the 
dyes ab^rbed. This at once opened up possibilities, which, how- 
ever, were not at once realised, owing perhaps to the length 
of exposure required when the collodion process was employed. 
Shortly after the gelatine process was perfected, the same dyes 
srere applied to plates prepared by this method, which, althongh 
they contained tW same silver salts as the old collodion prooesi, 
yet jv were very much more sensitive. A new era then dawned 
for what has b^n termed isochromatlc and ortbodiromaUc 
photography. The dyes principally used ara those belonging to 
the eosin group and cyaoine-^not the ordinary cyanine dye of 
commeroe, but that discovered by GrevUle Williams, For a dye 
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to be of use in this manner it may be taken as an axiom ^first 
Impounded by the speaker, it is l^lieved— that it must be fugt* 
tivt, or that it must be capable of forming a silver compound. 
The more stable a dye is the less effective it is. If we take as an 
example cyanine^ Wf find that it absorbs in the orange and slightly 
in the red, If pa^r or collodion stained with this colourings 
matter be exposed to the action of the spectrum, it will be found 
that the dye bleaches in exactly the same part of the spectrum as 
that in which it absorbs, following, indeed, the universal law 1 
have already alluded to. If a film containing a silver salt be dyed 
with the same, it will be found that, whilst the spectrum acts on 
it in the usual manner — viz. darkening it in the blue, violet, and 
ultra* violet — the colour is discharged where the dye absorbs, 
showing that in one part of the spectrum it is the silver salt which 
is sensitive, and that in the other it is the colouring-matter. If 
such a plate, after exposure to the spectrum, Ijc developed, it will 
be found that at both parts a deposit of silver takes place ; and 
further, when the experiment is carefully conducted, if a plate 
with merely cyanine-coloured collodion be exposed to the spec- 
trum and bleached in the orange, and after removal to the dark 
room another film containing a silver salt be applied and then a 
developer, a depodt of silver wilt take place where the bleaching 
has occurred. This points to the fact that the molecules of a 
fugitive dye, when altered by light, are unsatisfied, and are ready 
to take up an atom or atoms of silver, and other molecules of 
silver will deposit on such nuclei by an action which has various 
names in physical science, but which I do not care to mention. 
This is the theory which I have always advocated, viz. that the 
dye by its reduction acts as a nucleus on which a deposit of silver 
can take place, It met with opposition ; a rival theory which 
makes the dye an ‘‘optical sensitucr an cxijression which 
is capable of a meaning which I conceive contrary to physical 
laws — being run against it. The objection to what 1 may call 
the nucleus theory is less vigorous than it has been, and 
its diminution is due perhaps to the more perfect under- 
standing of the meaning of each other by those engaged 
in the cc^itroversy. To my mind, the action of light on fugitive 
dyes is one of the most interesting in the whole realm of photo- 
graphy, ns eventually it must teach us sometliing as to the 
structure of molecules, and add to the methods by which their 
coarseness may be ascertained. Be the theory what it may, 
however, a definite result has been attained, and it is now 
possible to obtain a fair representation of the luminosity of 
colours by means of dyed films. At present the employment of 
coloured screens in front of the lens, or on the lens itself, 
is almost an essential in the method when daylight is 
employed, but not till some dye is discovered which shall 
raalce a film equally sensitive for the same luminosity to the 
whole visible spectrum will it be possible to make orthochromatic 
photography as perfect as it can be made. The very fact that no 
jthotograph of even a black and while gradation will render the 
latter correctly inuit of necessity render any process imperfect, 
and hence in the above sentence 1 have used the expression “as 
perfect as it can be made.^’ 

The delineation of the spectrum is one of the chief scientific 
applications to which photography has been pul. From very 
early days the violet and ultra-violet end of the spectrum have 
been favourite Objects for the photographic plate. To secure 
the yellow and red of the spectrum was, howevef, till of late 
ears, a matter of apparently msurmoimtable difficulty ; whilst a 
nowledge of that part of the spectrum which lies below the 
red was only to be gained l>y its Keating effect. The introduc 
tlon of the gelatine process enabled the green porthm of the 
spQcthtm to impress Aself on the sensitive surface ; whilst the 
addition of various dyes, as before mentioned, allowed the 
yellow, the orange, and a portion of the red rays to become 
photographic rays. Some eight years a^o it was my own good 
fortune to make the dark infra-red rays impress themselves on a 
plate. This last has been too much a specialty of my own» 
although full explanatioTta have been given of the methods 
employed. By preparing a bromide of silver salt in a pecu- 
liar manner one is able so to modify the molecular arrange^ 
ment of the atoms that they answer to the swings of those waves 
which give, rise to these radiations. By emplcying this salt c^f 
silver in a film of collodion or gelatine the Invtstble part of 
spectrum can be photographed and the images of bodies which 
are heated to leas than led beat may be caused to impress them^ 
selves upon the sensitive plate- The greatest wavelength of 
speoimm to which this salt is sensitive so iisr is 21,006 X, or five 
times the length of ihe visible speOtrum- The exposure for such ^ 


a wave-length is very proAonged, but down to a wave-length of 
12,000 it is comparatively shoi^ though not so short as that 
required for the blue rays to , themselves on a collodioix 

plate. The colour of the salt is a green blue by trans- 

mitted light ; it has yet to be dt^nulned whether this colour is 
all due to the coarseness of the particles or to the absorption by 
the mnleculCB. The fact that a film can be prepared which 
transmitted light is yellow, and which maybe indicative of colour 
due to fine particles, together with an absorption of the red and 
orange, points to the green colour being probably due to absorption 
by the molecules. We have thus in photography a means of record- 
ing phenomena in the spectrum from the ultra-violet to a very 
large wave-length in the infra-red — a power which phyaldats 
may some day turn to account. It would, for instance, be a 
research worth pursuing to photograph the hea vests on a plate 
prepared with such a salt, and search for stars which are nearly 
dead or newly bom, for in both cases the temperature at which 
they 'are may be such as to render them l>elow red heat, and 
therefore invisible to the eye in the telescope. It would be a 
supplementary work to that being carried out by the brothers 
Henri, Common, Roberts, Gill, and others, who arc busy 
securing photographic charts of the heavens in a manner which 
is beyond praise* 

There is one other recent advance which has been made 
in scientific photography to which I may lie ];>ermitted to 
allude, viz. that horn being merely a qualitative recorder 
of the action of light it can now be u^ for quantitative 
measurement. I am not now alluding to photographic aclino- 
meters, such as have been brought to sucb a state of perfection 
by Roscoc ; but what 1 allude to is the measurement and inter- 
pretation of the density of deposit in a negative. By making 
exposures of different lengths to a standard light, or to different 
known intensities of light, on the same plate on which a nega- 
tive has to be taken, the photographic value* of the light actmg 
to produce the densities on the different parts of the developed 
image can be readily found. Indeed, by making only two 
different exposures to the same light, or two exposures to two 
different intensities of light, and applying the law of density 
of deposit in rettard to them, a curve is readily made from 
which the intensities of light necessary to give the different 
densities of deposit in the image impressed on the same plate 
can be read off. The application of such scales of density to 
astronomical photographs, for example, cannot but be of the 
highest interest, and will render the records so made many 
times more valuable than they have hitherto lieen. I am in- 
formed that the United States astronomers have already adopterl 
the use of such scales, which for the last three years I have 
advocated, and it may be expected that we shall have results 
from such scaled photographs which will give us information 
which would before have been scarcely hoped for. 

One word as to a problem which we may say U as yet only 
qualitatively and not quantitatively solved. 1 refer to the inter- 
cnangeability of length of exposure for intensity of light. But it 
in this way. Suppose that with a strong light, L, a abort ex- 
posure, E, be given, a chemical ch.iDgte, C. is obtained 1 will the 
same change, C, be obtained if the time is only an «th of the 
light I., but n times the exposure ? Now thU k a very important 
point, more particularly when the body acted upon is fairly )$table, 
as, for instance, some of the water* emour pigments, which are 
known to fade in suashine, but might not be supposed to do so in 
the light of an ordinary room, even with prolonged expoiure. 
Many experiments have been made at South Kensington as re- 
gards this, mote especially with the salts of silver, and it is 
found that, for any ordinary ligh1» intensity and exposure are in- 
t^Changeable, but that when the intensity of light is vary feehAe^ 
say the Tvirissv of ordinary daylight, the exposure has to bi 
rather more prolonged than it should be^ supposing the exact 
interchangeability atways held good ; Jwt it has never been found 
that a light was so feeble that no action could take place. Of 
course it must }>e borne in mind that the stability of Ihe Mb* 
stance acted upon may have some effect ; but the saote resutU 
were obtained with matter which is vastly more stable thanihe 
ordinary stiver salts. It may be raid in trath that almost Wll 
matter which is not elemental is, in time and to tomedegmei 
acted open by Hghf. 

I should like to have said something ragasdlng life aotfonvoi 
light on the iron and ctinMnium salts, and so introduced tto Mbt 
jeot of platlnotype jmd carbon prioUi^ the former nrhkh is 
creating a revofoM in the prodm^u^^ artistic printa i 
however, refeainod from to doings iu I Me Fceiid^ 
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S«efcioA A ifaottid qdi be mUUken as the President of Section 6. 
PhMogmvore aod the kindtsed prooesses were also inviting 
subjects on which to dwell, especially as at least one of 
them is based oa the use of the SMCi^ material as that on which 
the first cametsL^cture ^ htkeii W Niepce. Again, a dread 
of trenching on & domains of art rmratns me. 

Indeed* it would have been almost impossible, and certainly 
impolitic, in the time which an address should occupy, to have 
entered into the many branches of science and art which photo- 
graphy covers. 1 have tried to conhne myself to some few 
advances that have been made in its theory and practice. 

The i^^cove^ of the action of light on silver salts is one of 
the of this century, and It is difficult to overrate the 

bearing It has bad on the progress of science, mote especially 
physical science. The discovery of telegraphy took place in 
the present reign, and two years later phot(^raph7 was prac- 
tically introduced ; ^and no two discoveries have had a more 
marked influence on mankind. Telegraphy, however, has had an 
advantage over photography in the scientific progress that it has 
made, in that electrical currents are subject to exact measure- 
ment, and that empiricism has no place with it. Photography, 
on the other hand, has laboured under the disadvantage that, 
though it h subject to measurement, the factors of exactitude 
have been hitherto absent . In photography we have to deal with 
molecules the equilibrium of whose components is more or less 
indifferent according to the process used ; again, the light em- 
ployed is such a varying factor that it Ls difficult to compare 
results. Perhaps more than any other disadvantage it labours 
under is that due to quackery of the worst descrit>tion at the hands 
of some of its followers, who not only are self- asserting, but 
of^en ignorant of the very first principles of scientific investigation. 
Photography deserves to have followers of the highest scientific 
calibre ; and if only some few more real physicists and chemists 
could be induced to unbend their minds and study the theory of 
an applied science which they often use for record or for pleasure, 
we might hope for some greater advance than has hitherto been 
possible. 

Photography has been called the handmaid of Art ; I venture 
to think it is even more so the handmaid of Science, and each 
step taken in perfecting it will render it more worthy of such a 
title. 


SECTION B. 
chemistry. 

Opening Address by Sir Lowthian Bell, Bart., F.R.S., 
KC.S., D.C. L., M.Insi'.C.E., President of the 
Section. 

It has occasionally been the practice of former occupants of 
thU chair to devote a considerable portion of the Presidential 
address to the more recent discoveries in chemical science. This 
branch of learning advances now with such rapid strides and 
covers «o wide a field, that no one who has not made it the 
bauness of his life can hope to discharge this duty with even a 
moderate share of success. 

My immediate predecessor, indeed, discouraged any further 
attem[)ts in this direction on the ground of the impossibility *bf 
doing it justice within the limits of a short discourse, and his re- 
marks were consequently directed to the best methods of teach- 
ing the science with which Section B is more directly concerned. 
1 propose this morning to add my testimony to the importance 
01 X>r. Tlld^n's recommendation by comparing the rate of pro- 
grem of one of our great national industries os it has been 
advanced with and without the aid which chemistry is capable 
of affording. For this purpose t have selected the metallargy 
of Iron, not only from my greaUr famlUadty with Us details, hut 
bacauseiJii my judgment* it afords a suitable, example for the 
object I have m view. 

It is needleia to insist on the disadvantage attending the ap- 
pHcation of a science to proctfoal work, without a fair knowledge 
of the prinbtples which regulate its action. At the same time it 
syould be unfair to those who were eOg^ed in the manufacture 
of iron daring the first half of the prasent century to deny the 
value of tbo services reodbred to their art* without giving much 
thOughi to the laws of Nature uptm which their processes 4e- 
pehwi* work so performed tuSeed ne vettheless to place 
the Wirid in posaesslon m the metal in such abundance and at so 
M a coet* that no eti^lueer% works have been delayed on 
deeouiki or the high price of or absence bt the required quality 


in the produce of our ironworks daring the period in question. 
On the other hand, it is not to be denied that since the iron- 
masters have allied themselves with the chemist, they have made 
more progress m thirty years than their predecessors did in three 
centuries. 

No one unacquainted with the archaeology of the iron trade could 
sut^l^osc that the colossal furnaces pouring forth their streams of 
molten metal, followed by the ra^jid action of the Bessemer con- 
verter, were the modern r^rcscnlatives of the iron- making ap- 

{ diances of former days. Out of the latter, in a low heoi'th not 
arger than a d^omestic fire-place, often dependent on the wind 
for their blast, a few pounds of ore were, at a considerable cost 
for labour, fuel, and waste of metal, converted into malleable 
iron. By means of a modern furnace in an hour and a half a 
ten-ton converter can be filled with liquid cast iron, which in 
twenty minutes may be run into ingots cheaper, stronger, and 
more malleable than the be^t wrought iron of our ancestors, or 
indeed of our own manufacture. 

How out of the small fire of the ancient ironworks the German 
Siiic/^-Ofen was evolved is a matter of conjecture. In IkiLK, 
owing to the conditions under which the fuel was burnt, carbon 
dioxide wa< largely the product of its combustion. The oxidizing 
property of this gas was in each the cause of the waste of metal 
just spoken of. Probably, and for other reasons than avoiding 
this loss of iron, attempts were made to increase the dimensions 
of the SUl'k-O/en. If this addition were one of limited extent, 
the smelter would find to his cost that a substance was obtained 
which no longer possessed the malleable property of that obtained 
from the lesser furnace. , ThU change would be due to the ab- 
sorption of carbon, bnl not in sufficient quantity to constitute 
that valuable form of the metal known as cast iron. With a 
material useless for the smith and incapable from its difficult 
fusibility of iicing run into moulds, wc can understand* the delay 
which took place in the introduction of the blast furnace, which 
about the middle of the sixteenth century gave to cast iron a 
recognized and valuable position in the arts. 

In those days there was no vc^ exact science to appeal to, for 
two hundred and fifty years after the ** high furnace” of the 
Germans and French had been set to work, Fourcroy, in his 
“General System of Chemical Knowledge and its Application 
to the Phenomena of Science and Art,” arrived at the conclusion 
that cast metal was erroneously supposed to be a mixture of sbg 
and iron or a comt>ound of arsenic or manganese and iron. This 
was written in 1804, in a work of 5000 pages, when he leant to 
the opinion that Monge and Berth ol let were more correct in con- 
sidering the product of the blast furnace as consisting of iron, 
oxygen, and carbon. 

When the malleable iron- maker had placed in his hands a 
material containing, a^ the pig did, more than 90 per cent, of 
metal, he found it greatly to nis advantage to avoid having to 
deal with all the earthy matter contained in the ores, for it was 
the prwence of silica and alumina which helped to add to the 
waste incurred in the old hearths, The object sought for in the 
old Catalan fires, as they were called, in treating ore was one 
of a reducing or deoxidizing character, whereas the reverse of 
this was required when ore was replaced by pig-iron. In the 
first oxygen had to be removed from the oxide of iron, in the 
latter oxygen had to be united with the metalloids found in the 
pig. These were distinctions unknown in the days we are con- 
sidering, and therefore did not trouble the minds of the iron- 
masters. In btrth cases there was a large formation of oxide of 
iron, and when pig-iron was handed over to the Catalan furnace 
man, U waf the oxide of iron so generated which performed the 
desired duly, and thus this simple mode of procuring malleable 
iron remained undisturbed for upwards of two hundred years. 

The discovery which led to the discontinuance of the low 
blast furnace as a means of procuring iron in its malleable form 
wsit that of puddling made by Cort in 1784. In point of fact 
Cort’s process was merely doing in a reverberatory furnace that 
which was previously effected by means of compreMed air. In 
an economic point of view, however, the difference is great, and 
its consequences weix of immense importance, for to the pud- 
dling Ihrnace we were first Indebted for au ample supply of cheap 
IronT^y which, in a variety of well-known ways, the intents of 
the human race have been so largely ptomoted. As an indica- 
tion of the indifference of those formerly engaged in industrial 
pursuits to the scientific aspect of their calling, may be men- 
tioned the fact that pfpddling had been largely followed for 
upwards of half a cehtury before It oecurrer} lo anyone to 
examine the chemistry of the prjoess. 





Dowti to tbe btfginiiingi^ of tho severiteeOtB cotitury the owly hot aW appAmttii was capable' of tht^W fbw thaw lU 
fuel used Ift the blast faniace« and, indeed, in the knanufacture Iveijght in the fuel coitoumed' ln the raro4ce itself. *1 propose, 

of iron generally, leas charcoaK In i6ao, Dudley madeserem! with your pertaissioh, to consider this subject with more atten* 

attempts to substitute muieral coal for vegetable fuel in his tion than I shall devote to other portions of address, and 1 
smelting works, which, by the exhaustion of timber, had become am led to do this* not only because U is oneyl^me scientific 

very expensive. He failed in this, and in consequence the , interest, but because its study seems to afford It ‘Solution to some 
British iron trade gradually fell until it was not equal to the questions in respect to which great differences of opinion 

production of one modem blast furnace. This happened in prevailed among those whose daily wprk lid them to pay much 

1740, when Darby, by treating pit coal in the same fashion as attention to their details. These questiras have all a reference 

the t^arcoal burners had done with wood, i.e, by charring it, to the quantity of fuel consumed in smelting the ore, as this ^y 

restored vitality to an expiring industry. It is true ihe restora- be affected by the temperature of the bloat and the dilUl^ons 

tion must have been of a languid character, for in half a century of the furnaces employed for this purpose. 
afterwards it is said the weekly produce of a furnace did not As is well understood, the heat excited in an iron fiutWW may 

exceed fifteen or sixteen tons. be classified under throe heads 

Various changes were introduced into the manufacture of iron First, that derived from the combustion of the coke at the 
in the first quarter the present century, but these were rather point where the blast enters the furnace, the ultimate product 

of a mechanical than of a chemical nature, 'fliey chiefly owed being carbonic oxide. 

their origin to the lessons taught by the chemist Black to James ^ Second, the conversion of a portion of this carbonic oxide 

Watt, profited by them in the application of steam as a into carbon dioxide. 

motive power. This brings us to the year 182S, a year which Third, the heat carried into the furnace by the blast, 

will always be distinguished in the annals of the iron trade by For the better illustration of the relations which the heat 

the discovery of Neilson of the value of heated air in smelting derived from these sources l)car to each other, a table {No. I.) 

the or^ of this metal. I never heard it pretended that the has been prepared In which the quantities of each are given in 

inventor hod any pretensions to be considered a mao of sciencee Centigrade calories, and reckoned upon 20 units of iron to corre- 

Had it been otherwise, the knowledge of the virtues of the hot spond with English weights. The information upon which the 

blast might have been indefinitely postponed, and this <^inion calculations are based is derived from actual observation gathered 

is founded on the fact that for many a long year no satisfactory from furnaces of different sixes and fed with air at different 

explanation was given why heat obtained by burning coal in the temperatures. 


Table I. 



Height of furnace in feet ... 

Calorics— per unit of coke burnt to CO 

,, from portion of ihb CO burnt to COj 

Total calories from loke 

Calories in blast 

Total heat per unit of coke 

Temperature of blast C 

Cwts. blast per ton of meUl 

„ escaping gases per ton of metal 

,, slag per ton of metal 


48 

48 

80 

80 

2078 

2028 

2018 

204S 

5fo 

low 

r636 

1463 

*638 

3087 

3^54 

3508 

— 

508 


73* 

2638 

3595, 

4188 

4240 

ft" 

485“ 

485" 

695* 

228 

12B 

toj 

94 

285 

170 

138 

126 

34 

3* 

29 

28 


A second table contains statements showing the manner in 
which the heat so generated is appropriated in the various 
divisions of the duty the furnaces had to perform, and for facility 
of comparison, alongside the quantities of heat so required, their 
equivalents in the coke used have been added. 

In the table No. II. Che appr^riation of the heat is separated 
into Constants and VatMts. The first consists of items where 
the quantity of heat in making a particular quality of iron is 
only liable to alterations of trifling amount. On the other hand, 
the variables exhibit in A and B differences so considerable that 
work which in the furnace blown with cold air absorbed 73,3ff8 
calories per ao cwts. of pig-iron, was done with 58,645 calories 
by merely raising the blast to 4B5”. 

The cause of this great variation in the amount of heat re- 
quired for a given weight of pig-iron, produced under different 
ciroumstanoes as to temperature of blast and site of furnace, de- 
pends bn changes in the actual amount of work to be performed. 
How this arises will be best seen in the description of the four 
examples set forth in the two tables, 

Bc^nning with A, which is a furnace feet in height, blown 
wHh cold air and consuming 45 cwts. of coke and to cwts, of 
limestone per ton of metal, the volume of gas produced may be 
taken at 14,460 cubic yirds at ordinary temperatures and pres- 
sures, At the temperatun at which they escape we may assutrie 
the volume per ton of iron to be about 36,000 cubic yards, pals- 
iiffi out of the furnace at the rate of 357 cubic yards per minute. 

In comparing the coi^mpttdb of coal formerly b^t in the 
hot-air itoves with the tavtng of coke in the furnace, aocoum 
must be taken of the diffm^nt conditions of the oombustion. In 
Table I., drihg to the smaii q^uantity of carbon dimdde formed, 
the beat evolve i| only 2638 calories per unit of coke, whereas 
bach ttnit of the coal consbmw hi htatmg the air aflMed three 
#i]ws this'mnmtity of heat DottbUem them was a great loss M 
the operation of hjsatipg the air, for It would not i^ptpem that 


much above one-fourlb of the theoretical quantity of heat capable 
of being generated by the coal reached the furnace through the 
tujfires. 

We have now to consider the nature of the change which is 
effected in a furnace where, for every 2638 calories generated by 
the combustion of the coke, 508 calories are carried in by the 
bta.st. It will be readily understood that with the velocity at 
which the gases are passing out of the cold- blast furnace they 
have but little time to impart their heat to the Incoming solids, 
or to have the carbonic oxide they contain converted Into carbon 
dioxide. The withdrawal of so much coke, and Us place taken 
by heat contained in the blast, means that the 14,460 cubic yards 
of escaping gases are reduced to about 12,120 cubic yards. The 
effect of this is not only to alter the speed at which the gases 
are passing through the materials, but to alter the relation in 
point of quantity which the ironstone present in the fornace 
bears to the coke, so that, in point of fact, a larger space is 
occupied by the ore than was before, and a lesser one by rite 
fiiel. We have thus the carbonic oxide passing more upwly 
over the oxide of iron at the same time tmit there is a greater 
quantity of the oxide exposed to the influence of the reducing 
^s. To illustrate how this operates, a table has been preparla, 
showing how each 1000 cubic feet of fomaoe space U ooct^ided 
in the four cases we arc considering , 

A |3 C D 

48-reet lo-fiwt lp;lbet 

_ , cold blase. km Mast. blast. blast. 

Coke cubic feet 736 686 590 590 

tdmestone 63 75 86 yt 

Xroaatone ,, 201 239 324 3^ 

lOOO 1000 lODO ; 

The immediate eJpTekst of the int;ro4fioiihB of the 
alter the ipooes fi&M by the three hkinendi ibhi thoU ^ 
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Cdottn A Urn 75, and ore 239 cubic feet. 

Ttliii 1* feUoWAd by % twofold tulvtotuge. Volume for volume, 
Ofu ttWd Umattotie ponew double the heut-imerceptiog power of 
oolo^ Mid th^ li >9 per cuut^ more ore ready to oafdize the 
^broie odwjipMing over h at aiteduced epeed of 16 per cent, 
uum there when using cold air. The increased efficient of 
the o^e, due to a more perfect cooling of the ga>>es and higher 
cnddatioil of die cCrbooic oaide, permits its further suppression 
smtU the relative spaces filled hf the materials aie those shown 
adder Column B. These advantages would not of themselves 
to save 16 cwta of coke or thereabouts out of 45 cwts., 
but w^reductioD in the coke consumed is followed by a climinu- 
tloO^ih the quantity of air used and in the weight of gases and 
slag produced. A reference to the appropriation of heat classi- 
fied under the head of ** Variables'' will show in consequence 
diminution from 73, 33^ to 5^fi43 calorics. 

It may be askeirwhether this prolonged exposure of the ore to 


the reducing 8^^ could not be secured by driving the fiirdace at 
a slower spm. There is, however, a point whl^ may be re- 
garded as one of equilibrium, in wh^ the quantity of odd 
materials charged at the top just suffices to reduce the tempera- 
ture of the ga^es, leaving it as far as is possible coodstent with 
the dimensions of the furnace. If the volume of blast entering at 
the tt$yh£si% lowered one-half, it would mean. that the mateimU 
would be exposed for twice the time to thehot gasesthatthey were 
previous to the alteration in the rate of driving. The elevation 
in the temperature of the coke would enable its carbon to act on 
the carbon dioxide, so that there would ensue as great a loss 
under the second head of heat evolution in Table 1. as there is 
gained by a more perfect interception of the heat contained in 
the gases. 

T^re is, however, another way of securing this prolonged ex- 
posure of the ore to the action of the reducing gas without in- 
curring the mconvenience just referred to, viz, by increasing the 


Table the appn>priation ef ffeai and Us equivalent per ion Iron. 


Appropriation of Heat por 20 of Pi^-lr jr. 


Constants 

Reduction of Fe^Oj in ore 

Reduction of metalloids in pig 

Dissociation of C0(2C0 =; C + COj) 
Fusion of pig-iron 


Constant calories t>er 20 of pig 


Coke consumed per 20 of pig 

Vakiaeles 

Evaporation of water In coke 

Decomposition of water in blast 

Expulsion of COg in limestone 

Reduction of CO, in limestone to CO 

Fusion of slag 

Carried off in escaping gases 
Heat in tuylre water at hot-blast 
loss from walls, &c 


A— -BIr^ oo C. 

B— BUfst 485** C j C-BUrt 485° C. 1 

[ D— Blast 6950 C. 

Caloriss. jcwUi. cokJ 

CalorwB. 

1 

Cwts. coke Calories. ^ Cwta coke 

1 ; t 

Calories, Cwts, coke 

! 

1 

33 »io 8 12*550 

33.108 

9‘309 * 33.108 7-905 

33,ioB 7-808 

4ii74 **502 

4. *74 

I‘l6i ! 4.174 0*996 

4.»74 0-984 

1,440 0*546 

1.440 

0*400 1,440 1 0*344 

>.440 0-340 

6,600 2*501 

6,600 

1*8351 6,600 j 1*576 

i . 1 

6,600 1 -557 

45,3aa — 

45»3*« 

— i 45.3M ■ — ' 

; 1 

45.3»a j — 


... cwts. 

— 

17179 


I2‘6o6 


10821 

— 


630 

0*239 

411 

0*114 

31a 

0-074 

298 

... 

5»430 

2055 

3.348 

0*931 

2,720 

0649 

2,408 

. . 

6,660 

2*526 

St94o 

1 647 

5.054 

1*207 

4.070 

1 

6,019 ! 

* 2 *620 

6»144 

1-709 

5.246 

I 254 

4,099 


i .8,500 i 

7*045 

i7»3a5 

4-819 

1 16,720 

3*993 ; 

15.565 

... ... j 

1 09.489 

11178 

1 18,486 

5 ’'44 

11.043 I 

2 ‘636 

8,906 

furnaces, 'I 
; 

5.«94 ■ 

2*158 

1 7.0.1 

1-950 

7.057 

1-686 

9.389 



73.388 

“ 

1 

58,645 

1 

1 48,154 

1 1 

— 

1 44.735 


— j 10689 


Variables for coke for 20 of pig cu ts. 1 — j 27 ’821 — 16*314 ; 


1 1 '499; — 10*551 


Sum of Constants anp Variables 

Cidorics for ;so of pig-iron 

Cwta. of coke for 4o of pig-iron 


! 11$, 710 — 103.967 

45*000 -- 


93476 1 — 

28*92 ' — I 22*32 


ditneastons of the furnace blown wUh cold air. When this was 
done by raUing the height firom 4S to 71 feet, it was found that the 
duty pMolr«e4 by the coke, apart from the heat contained id the 
bout, was just about the same as tbdt in the hot -blast furnSce. 

With wgard to the position of equUlbrlum above referred to, 
it is worthy of remark thsit. wbUb mk was reached when a fnr- 
pace of 4S feet ran too tons per week when driven with cold air, 
It was hot arrived At in one of simUar dhneDsioas using heated 
alf iiot^ cbemake was increase tq about aao tons. 

When we JpriH«od to esmodiW and weight of 

^ iTuritace blown with air at 

it wtU be fj^uod Uut ebqut ao per cent, of the carbon 
has disappedmd, due ho doubt to the still ^cessive 
hnmimtqlrb of thb upper jiona hud rated a current of the 
luAw^a^ An obvmiuw^torenwthtsevilwqiild be 
h^ kfi aidirion to the (Al^liiVoOhe ^rnaSee* This was done 
siiA|}Q|( 6iem to a height m feet, wuh a eublcal space three 


or four times greater than those of 48 feet. In such a furnace, 
almost the full theoretical quantity of car>x»n as dioxide has been 
obtflioed, but, while the larger furnace held three or four limes 
as much ore, &o., the production was only about double that of 
the lesser. On r^erring to Table II., it will be seen that a 
forihar economy of 6*6 cwts, of coke has been effected in Fur- 
nace C as compared with B. due solely to an enlargement of 
apace, for the temperature of the blast was exactly the same in 
both. This improvement, it will also be perceived, is due toen 
extension of those causes which acted so beneficially when hot 
air was aj>pli<^ to B. i. 

6*6 cwUL of carbon or thereaboOts b the full quantity per 
fon bf iron which can be found in the gases as dioxide, and if, 
in a fnrnaoe workii^ under the conditions of C, it requites 09*33 
of cake to fornUh this carbon and that in the oarbontc oklde, 
ft is clear we cannot, withdraw any coke without diKturbing the 
position of equilibrium supposed to nave been established in the 
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caaepf tb«furnaqein question, Suppose into such a fumsqe the following ^Mteen fdet downw^rd^ ylf ^9 

tl)(e inutesd of ^5*, U ftdttdned at 6$S^ •A happened reducing zone^ kne neat fint tWcnrb^^zIhg 

iUB 4 ti; Cobmn l>* The additional l^eat» 73 ^ calories^ matead bv four Te^t which con^i^ed the^ sonu qf fusi^ Theionrs^i 

of 5^ as in will make itaeif feit throughout the entire height 01 sU, having a depth of aboat via tm* wau named, tha 

of< tSe furnace, incM^agi of oouiae, upper aona Imgiediotel^ combuation, The author of mapping out^^ gg || werct^, or w, 

thie happens, the cmon dioaide gMratw by the reduction of Interior of the fiurtiace,, does not wish to be ag 

the ore attacks the coke and escapes as carboOic oodde. If confining its various iboctlon$ within the rajt^itcUve ifitaOe% 

Tikble I, is examined^ It will be seen that almost the whole of assigned to them ; on the contrary, he admlU tEe existAhtW or 

the additional heat carded Into the furnace D, as compared with considerable vari^ioos of position. My own observatimw, 

C, has been absorbed by the disappearance of carbon dioxide, however, have led me to conGlcudoas varying conalderably ftom 

80 that the net power of the coke unit in both cases is practicany those adopted by Scheerer. 

the same. Nevertheless it will be remarked that there is still a The fiindamental cause of these dlfiercnees seems t% 4 e- 
small saving of coke due to a reduced amount of blast, escaping pend on the temperature considered as b^lng reqmrdl for, 
gases, &t, a commencement of the reduction of the ore. By Schemr 

From what has preceded, it has been concluded that a furnace the reducing zone is considered to require a temparature of 
of So feet offords sufficient opportunity for the gases being as 1000" to 1200* C. 'fhis change undoubtedly is not the same 
fully saturated with oiiygen as the nature of the process of de* with all kinds of ores, hot my eKperimeats were conducted 
oxidizing the ore will ^rmit. The sensible beat in the escaping when using almost every variety of the mineral. Accord- 

gases, however, still represents a considerable loss, reduced as ing to the trials made, a mixture of one volume of carbon 

mey have been from 29,48a to 11,043 caloriea dioxide and two volumes of carbonic oxide at a temperature of 

According to estimate, it was belitved that the reduction of 410®, removed 10 per cent, only of the oxygen in Cleveland ore^ 
oxide of iron ought to ho attended by an increase of temperatuw and 37*8 per cent, from an artihcially prepared oxide. The 
—in other words, the conversion of carbonic oxide into carbonic compo<.ition of the gases at the different depths, however, 
dioxide produced more heat than that absorbed by splitting up indicates in an unmistakable manner die nature of the action 
oxide of iron into lu constituent parts. The eMitnatcd difibrepce | which is going on at any particular point. A table has been 
not iieing a large one, an experiment was made by substituting prepared from actual analyses of the gases which gives the 
in the fhrnace inert substances having about the same specific | quantity of oxygen present for every 1000 parts of metal 
heat as the ore. The results confirmed the correctness of the j produced ; and to tins is added the weight of carbon they 

calculation —the temperature of the escaping gases fell, and j contained. The results varj’, but the general inference to be 

rose to their normal point when the u?e 01 ore was recom- drawn from the observations made on furnaces of 8b feet, is 
tnenced. A more expensive experiment was Rul)fiequent}y made I that by the time the minerals have passed through a space of 
in the same direction by building, at Ferry Hill, a pair of fur- eight feet of the depth they have to travel, all the oxygen 

naces having a height of 103 feet, without any substantial benefit susceptible of removal from the ore in the upper region is found 

being derived from the large additional expenditure incurred. in the gases, the remainder being retained until it reaches the 
^ *It was Scheerer, I think, who first divirle<l the blast furnace zone of fusion. The saam is the order of action in a somewhat 

into zones. The first division, beginning at the top and extend- modified form which was found to prevail in the case of fhrnaces 

ing twelve feet downwards, was designated the preheating zone, 48 feet in height. 


TxatK in. — S/tcnvifi^ the quantity of Oxy^^m and Carbm in gases per loco parts of pigdron produced The 8 feet 
immediately helow charging plates is occupied by charging apparatus. 


Distance below lop of 
tninnntli. 

0 ftet. 1 Bi feet. 

x 8 feet. 

31 

ceU 

44I f««. 

57 f«f‘ 

69! foet. 

eSfimt. 


0 . j C. j 0 . 

c. 

, 

0 . 

c 

0 . 

C. 

0. j c. 

G. C. 

0 . 

c. 

0. 

C 

No, I. Oxygen ... 

1843 — *350 


»* 3 S 


1*34 

■ 

1 

1236 j — 

' 

1207 — 

”37 

_ 

134B 

~Z 

Carbon ... 

— not t — 

S64 

— 

8t6 

— 

871 

— ; 904 

— 899 


890 


^7 

No. 2. Oxygen 

1843 — ~ 

— 

1410 

— 

1482 


1190 ; — 

1207 — 

1255 


1366 


Carbon ... 

— 1104 i — 

— 

— 

914 

— 

1046 

- 894 

— 887 




9*7 

No. 3. Oxygen 

1670 — 1 I30g 



1206 

— * 

131a 


M56 1 — 

1*53 — 

1253 

— 

*378 


Carbon ... 

— 1048 — 

926 

— 

907 1 

— 

918 

— . 946 

— 931 


939 


1013 

No, 4. Oxygen ... 

1670 — 1 1271 


1224 

— 

1300 j 

— 


1261 — 

1265 


1387 


Carbon ... 

— 1 1048 — 

’ 1 ; 1 

897 

j 

, 

...Z.J 

917 

j — 

— 926 


977 


foax 


Noth.— N o«. 3 an 4 4 wwc using pstiiaily calcineU Iwnca the deficiency of O and C uatU the low depth* term reacheZ 


On casting the eye along the lines of figures a somewhat j 
remarkable circumstance is apparent, viz. that the quantity of 
c oxygen per jooo of pig iron gradually decreases as the gases | 
ascend, until they approach the upper region, when it commences 
to Increase. This had been the subject of observation for many 
years without any complete explanation being given gfits causo. 
Dr. Percy, amoi% others, bestowed some attention to the dr- 
eumstance withom arriving at any of^ion.satiaiactory to himseM'- 
It is a little extraordinary that, $0 far as I Have seen, no notice i 
has ever been taken of the fad that the coeboa in the gases I 
followed the same fair. While engaged in kivestigatrng t&e 
action of fornaoe gases on the ture a peculiarity was obaetved I 
previonaiy unknown to me, viz, that laige quantities of carbon { 
were dej^sited by the of the redocing gas, ike 1 

action being aCO m C. * Espertmen tally 1 asttttMued j 

that spongy iron, at well as tbcidb of jron, was, capable cl pro* 
diidng th« change, and that per ctbl. of carbon dloiti^ ‘ 
mixed with the oarbonib dxm, arrested the leactioni th* | 
te«n|ierA^uee at ttm tiine being 4a0^ Dt. C. A. Wrighti ‘^ho 
snb^ue»(ly became chief <di^ist of onr laboratory, was hiked, 


to continue the examination. The condunion arvited at was 
the impossibility of effecting the complete reduction of K&O^, 
or of any oxide by CO. On the contrary, when metallic iron 
known to contain no oxyg^ was exposed to a , current of thU 
gas, carbon was deported and oxyceti absorbed/ It womd 
seem, therefore, that this absorption pf oxymbh 1^ the hnMi wM 
precipiution cf carbon wffifee to explain, the di*iq>penntiio« of 
these two elements (mm the gases, and that they remUb lir 
condition until thefuaibit of the iron, in cmdaot «H1t 
heated carbon, Mbetates the oxygen a» well Os that pqnkcftdf m 
carbon Which it not idsoorbed % the metal in 0 ^ 
pig-iron. 

^ far, then, as Ihe analyse* gived ht Tahle W. enable mi 
judge, imuead Of the wpper tWOrthli^s' Of a Asmaep 


of do feet in hekfht, AflSr Ih6 the comh^kooltina ^ th 
^efew^ of the mieeridi, refnain^ 
idciqliy of the M reacW, wtib 
refmtedto/ , ^ “ 
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^ tht vuo^' 4kf o 3 (yg 9 U at the rona of cmbt^tioti U » 
ijMibivUe tbftt tt poiiion l» dae to th« inaction of SiO«, 
‘tErt^ bod vtO; la the t$tt0 of Cleveland itoa I bavo Mtl- 
itabM thta at 54 j^atts per tdab of plc^iron prodooed^ but the 
watih^ total oxygen beyond Ibbt Aiti&hed by the blast in the 
tot two inatanoes given ytia 130 parts. At (his rate there 
nilUt bav« been 76 parts of oxsrgen liberated from the okide of 
irbOt hi equal to 19 per ceht. of that originally eotbbined 
'wHh tln^ iron in the oiNt. 

/ It tnap be apptoptiate here to refbr to what may be taken its a 
l^pleal expFtoloR of the working of a blast furnace in respect to 
fbo pMebce of barbon dioxide. An analysds of the gases is 
IlNwefiOfe inaerted, drawn from an So^ieet furnace at various 
kvejs. with the ahiiple remark that it is Improbable that carbon 
dioalaie can exhit for any length of time when exposed to Incan- 
deacent coke at the temperature which ptevaiU at Che depths 
montioned ib the last two columiia. 


Sotnetbbg like forty years ago the escaping gases foocn the 
blaat furhittieSr rich as they were in carbonic oxide, were per- 
mitted to burn wastemlly pn the surface of the minerals charged 
at the throat, 't'his meant a loss of about 54 per qent. of the 
heating power of the coke. For reasons already given it was 
of course Impossible to utilize much of this heat m the actual 
smelting of the ore because of the necessi^ of preserving a large 
excess of Carbonic oxide iu the gases. This, however, consti- 
tuted 00 reason why, apart from the furnace work itself, this vast 
quantity of gaseous fudl should not have been utitiaed, as it no 
doubt Would earUer have been, had the ironmakers known, as 
they now do, its full value. To-day all the blast and other 
engines ate driven and the air is heated at our blast furnaces by 
fuel formerly wasted, and this without any labour for stoking 
being required. In Great Britain alone the annual saving is 
fully equal to four million tons of coal. 

In connection with the other volatile products which accom- 


Taulk IV*— .yAewiise rtfM mc^ be regarded as a typical instance of the abtmce of Carbon Dioxide in the ^ases taken from a 
furnace of So fiet* Measurtments taken from the highest lettel of the mitterals^ i. e. 8 feet Mow charging plates. 


X>«pdi bsbw charge 

1 - ' - 

Esospe pipe. 


9S ik«l. 

16 feet. 

Carbonic acid ... 
Garbonic oxide 
Hydrogen 
Nitrogen 

ifi*07 
»7‘34 
, oil 

56-48 

1 

1 ii'71 

297* 
0‘10 

! 58'48 1 

1003 

3**39 

007 

5«*S* 1 

' 8-17 

3* ‘40 
0*14 
60*39 

Total 

lao'oo 

1 100KX3 

1 

[ 100*00 

roooo 

.. — _ - 



* - .. 

1 

- - 


sol feet. 

feet. 1 

:j 5 feet. 

feet. 

66 feet. 

6*ia 

; 


0*72 

301 

3*79 ! 

35*27 i 

3600 

36-02 

39*47 

0'«8 

0*10 

0*11 

0*08 

0*14 

6 o’8i 

64*63 i 

63*89 

63-iS 

57 *J 8 

100*00 

100*00 1 

100*00 

1 100*00 

1 00*00 


p«ny the iron smelters* work I will only mention ammonia. 
Some qualities of coal admit of Mng used In the raw state. In 
this case, as in distilling coal for iiluminating purposes, ammonia 
is genettrtftd and may be coHecled. Instead, however, of the 
ammofliacal vapour being all contained in the hydrocarbons as 
in gts-making, it h diluted in addition with all the fixed carbon 
as oxides and all the nitrogen of the atmospheric air used 
in its combustion. Nevertheless, Messrs. Bairds, of the Cart* 
Sberrie Works, and others, are manufacturing large quantities of 
ammonia sulphate from the ammonia soobtamel. A simitar 
object is achieved by attaching the necessary condensers to the 
apparatus for coking coal, lue process of cUsiillatlon is then 
carried on in hermetically closed ovens hosted by the com- 
bustion of the gases evolved. These, before reaching the fire- 
pUoe where they are burnt, are deprived of their ammooiacal 
vapours by passing through condensers provided for the pur- 
poie. Previous, however, to ihJs being donei, the waste heat 
from the coking process had been applied for ^nerating*8ieam, 
so that at certain collieries in the county ot Durham all the 
tntdianica) power k obtained without any coal being specially 
bnmt for this purpose. 

Befove speaking of the neat and tost great imiwovemeUts in 
cemnection with my subject, 1 should like to say a few words, 
and afow words only, respecting steel, a well-known and most 
valuable ootnpmmd of Iron and carbon, I>et me first obsdrire 
thdt U abems improbable that this substance was not earlier 
known to, the ancieitts, at was at one time supposed. The 
fodlhy wUh whfoh the ntetal combines with carbon renders it 
very uWfiWy tol acieiutkitt would not occasionally take place 
WW ies* itself was the el^ect of the manufiictiuer. Certain 
It is that Africpln, who wrote in i<56, describes in Latin a 
olPl(«v tgpjpaMliy «s web kbQFwn as that of making iron itself, 
oftokmg Atl*. The engraving m his "Be re mctalUca** 
ahows bars of malleable iron pl«^ upright in a charcoal htt 
rMbWSl^ ttoofa Ca^^ These, alter an exposure 

of to W incandiescewt chwebat and hot carbonic 

mtp tond 10 SM and^amj^oyed as such. 

Ato to invaarioh of to Irtwt nirnace; pMm was placed In 
baanh, and a wmllbd state a blest of ah was 

to otuton flitol, antU jto as mueh carbon 
tomtom to stoL This mode of mo- 


de or me- 
qollectfon. 


tomtom to Iri«4. This mode of mo- 

-toto CSWltowdd to Imitotoi tog whMh ttty own rwq^lectifon, 
tgto to wto X Jbto some dtojets. 

dtopto to attontfon HatoO' 

1865 wasto weUtoowht>fte of oMeentatto. 


Since the days of Fourcroy it was ascertained that in addition 
to the iron, carbon was an essential ingredient in cast metal, bu 
invariably accompanied by more or less silicon, and wheneye 
the minerals contained sulphur or pbosphonis these metalloid 
were also present. The nature of the actions employed fo 
ridding the product of the blast furnace of these substances so a 
to render it malleable had also been carefully examined and 
explained by the light pf scientific investigation. The manu- 
fecturer had, it is true, learnt by experience and observation how 
to produce an article of excellence without much knowledge of 
the science of his art. Among other things he ascertained 
that to obtain a ion of wrought iron he required the heat 
of an equal weight of coal in the puddling furnwe ; but 
he did not know, i nor did even men of sciotcc, I think, ever 
dream, that the oxtouon of the metalloids in the nig -iron, and 
that of a small portion of the metal itself, woultf afford heat 
enough to enable the woriemen to dispense with the use of all 
coal m the process of conversion. When, therefore, the iron 
trade was iafornied, in a paper read V>efore the British Associat. on 
in 18^, entitled “ A Mode of making Iron without the use of 
Fuel,^ its author, Henry Bessemer, was set down by the iron trade 
as a deluded enthusiast. At that period I douht whether ten 
pounds of wrought iron had ever been f een in a state of fusion at 
one time, Bessemer, in his description, however, spoke of meUing 
tons of it with no more heal than that afforded by the rapid oxida- 
tion of alx)ut 5 or 6 per cent* of the weight of the p^ iron used. 
Not only, therefore, was the subiect one of ec^omic but also of 
bteh scientific interest. Nevertheless, a mere statement of the title 
or to P<^er was all the notice bestowed by our predecessors 
in their Transactions on a discovery which has revolutionized 
the art of making iron. It ia quite true that for some lime it 
appeared tw if to scientific aspect of the qu«lion were to constitute 
xt8 Otttynacommendatioii, for trie malleable iron made in a Bessemer 
converter proved unmanageable when hot, and destitute of strength 
when cold Finally it was ascertained that phospliorus was the 
source offheevll, and, further, that while carl>on and silicon could 
be attttost entirely removed from the molten metal, this third 
metalloid remelfted uoaflfectod by the treatment. The extent to 
Which to hurtfol ihflttence of phosphorus makes itself felt m the 
wrought iron obtained by to Bessemer pit>cess is somewhat 
remiuwfofo, because while two* to three-tenths per cent, is often 
ptesem in puddled bars of fair quality, probaWy no conyww 
Would 4cc^ Bessemer steel when it contains half of thw 
ainoliiU. Tile fitst success was obtaitied in Sweden, Where by 
using pig-lton combining a mere trace of the ol^ectionable sub- 
i^tance^a wXs obtained which was s^sfactory. For 
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ffinnir ytm the beneficUl eftect produce^ by manganne on «|eel 
had mn welt known, and U oconmd to K« F, Mu»liet, son of 
David Mnahet, one of, if not tbeeariiett adectifiq metaHuigist in 
the Cnifed Ktnedom, to try its indtienite in the converter on iron 
tnade from the bssmatite iron of tbe^m^ of England which con* 
tained fromO'oe tesp*i per cent, of wosi^orus.^ This addition, 
apparently by its retboving occludea or combined oxygen In the 
molten iron, atfc^ed the necessary relief, and the operation 
being one of extretnc simplicity enables steel or wronght iron to 
be produced at a ^atly reduced cost. To such an extent has 
Ibis been coiried', that ore is brought by sea over a distance of 
looo miles to Middlesbrough, and from it steel rails are made 
more cheaply than a peatly inferior article of iron can be pro* 
duced from the abundant and economically wrought bed of iron* 
stone found v ithin a couple of miles of that tOM H. As an example 
of the focility of conversion may be adduced the fact that the 
molten metal is brought direct from the blast furnace, turned 
into steel or iPgot iron os the case may be, and the heat evolved 
by the operation is sufficient to enable the product in many coses, 
without further use of fuel, to be taken direct to the mill and 
rolled into a hnished bar. 

We hove just seen that o’l per cent,, or thereabouts, of 
phosphorus renders steel or ingot iron valueless ; in like manner 
very insignificant variations in the quantities of carbon or silicon 
materially affiect their quality. Now the blow, as it is termed, 
in a Bessemer converter may be accomplished in from twelve to 
hfleen minutes. It is clear, therefore, the opportunity of ascer- 
taining the precise (Quality of the steel is one of very short 
duration. It is, I think, not disputed that a product can be 
obtained by this process possessed of very high, if indeed not 
of the highest excellence ; hut it is also pretended that the 
quality is not sufficiently uniform for cert am purposes. The 
binary reverberatory furnace is incapable of affording the 
necessary temperature for melting steel or wrought iron, but 
bv employihg the fuel in a gaseous state, and by heating the 
AIT and gas mfore they are brought together, os is done In the 
valuable furnace suggested by; the Messrs. Siemens, the heat is 
so intensified that wroug^Jf^ in it is rapidly fus^. Steel is 
now largely made in suchmrR^^s, either by mixing wrought and 
cost iron, as proposed by M. Pierre Martin, or by means of cast 
iron alone, when the j^rbon is removed by ihe addition of 
iron ore and some limestone, in which case, by the agency of 
the ore, the metalloids are oxidized and removed from the bath 
of iron. Some hours bein^ required for this, sufficient oppor- 
tunity is afforded for ascertaining the progress of the operation. 

The cause of the iron in the Siemens furnace as well as In the 
Bessemer converter retaining Us associated phosphorus, in time 
began to attract the attention of chemists. In each case the 
expulsion of the metalloids U effected by oxidation. The carbon 
is gasified, and the sitieiupi on being acidified is absorbed, and 
forms a sing containing usually ^40 to 50 per cent, of silicic 
acid. In the presence of such an excess of this substance, any 
phosphoric acid, if formed^ could not be absorbed by the slag. 
It was the late M. Griiner, of Paris, who, in 1867, first pointed 
out this fact, and he it was who first recommended the use of 
lime in order to render the slag ba^ic instead of add. Fulrlhef, 
in order to avoid the presence of silica, he recommended at the 
same time that the converter should be lined with lime instead 
of with fire-clay. 

The .same subject engined my own attention, when guided 
by the fact that, as oxide of iron in the puddling forhace 
was capable of acidifying and removing a large quantity 
of the phosphorus as iron phosphate, it might be possible by 
keeping the temperature of the metal below that required for 
the process of puddling to make this removal more complete, 
The result of these experiments was communicated to the Iron 
and Steel Institute in March 1S77, when it was shown that pig- 
iron containing 1 75 per cent, of P could in a few minutes liave 
this reduced to o 'a per cent. 

The rapid destruction of the ordinary Bessemer converter led 
Mr. G. J. Snelas to consider the practicability of using a lime 
lining, and on experimenting with thi^ on a working scale he 
confirmed the opinions prevtott^y enunciated by GrUner, by 
observing that the presence of lime had removed a coiisideti|thle 
quantity of the phosnhqm. These discoveries constitute the 
^ndotioR of the vety impc^ant basic process of MeB^rs. Hiomas 
and Gilefafristv which cbnws in ^ding lime to the molten stetd 
in a convertor constructed on the principle described by Mr*. 
Soelns. ConsldeTal:^ difficuUy hadt however, been experienoed 
by this metatluif 1st in the attacbmet^t of the Ifme lin% to fhe 


walk of the converter. This im|>ortant question was solved by 
Mr, £dw. Riley fay exposkg ddomlte to a veiV high teoipera- 
ture in order to prevm funher shrinking^ and iMl grinding 
and mixU^ the ;mwder u/lth coal Ur« This formed a speckli m 
cement which k apptkd to the sides ahd bottom of the eon* 
verier in the form of bricks or ou cement. 

The acidification sod subsequent transference to the slag Of 
the phosphorus by the basic treatment has led to Its applicsSon 
to agriculture. For this purpose the slag is ground to a fine 
powder, and sprinkled over the land without any fiarttier 
preparation. By this operation an indispensable element of 
animal life is derived rrom the remains of living cieatnret 
which, ages ago, found a grave in the feiruginous mud destined 
to become the great Clevmand bed of ironstone. 

Before closing this portion of my official duty, 1 cannot refooin 
from tendering to chemists an assurance of the great advantage 
the manufacturers of iron feel they have derived from the lessons 
taught them by Chemical science. I am the more anxious to do 
this ‘because we, among others, have been reminded that we are 
losing the supremacy among Industrial nations we once enjoyed 
for wont of that knowledge of chemistry which is more as^id^- 
ously cultivated abroad than it is in our own country. 1 am 
not prepared to deny that the opportunities for acquiring tt 
scientific education are less generally spread here than is the 
care in F ranee, Germany, or Belgium, but for this the nation, 
and not the iron trade in particular, is responsible. Tt must also- 
be admitted that as manufacturers wc no longer stand so far 
above other land* as we formerly did. In this result any 
differences of education are in no way concerned, for if I were 
to classify the nationalities of the various inventions enumerated 
in the course of my remarks, the fears of those who are alarmed 
at the appearance of a Belgian girder or a German steam-engine 
on our shores would, I think, ^ allayed. Perhaps I might be 
allowed to offer a very few words on the technical side of this im- 
portant question of education. Much I shall not be able to say, 
because 1 have not yc^ been able to learn the precise position 
the subject occupies in the minds of its moat earnest advocates. 
If it means, as is sometimes alleged, a system by which, along 
with scientific instruction, manual dexterity in the use of tools, 
or a practical knowleike of various manufacturing processes has 
to be acquired, I confess I am not sanguine as to the results. 
Certain I am that if foreign workmen are more skilful in their 
trades, which, as a rule, I doubt, and which in the iron trade 1 
deny, this superiorit)r is not due to scientific training fn the 
manner proposed, for in this they possess, so far as I have seen, no 
advantage over our own workmen. My objection to the whole 
system is the impossibility of anything approaching a general 
application being practicable. I nave not a word to say against 
the rudiments of science being taught wherever this is poasib'e. 
The knowledge so obtained may often give the futuie workman 
a more intelligent interest in his employment than he at present 
possesses; but, I think they who expect much good to attend 
such a thin veneer of chemistry or physics do not take sufficient 
account of the extent Of the knowledge already possessed by more 
highly educated men whai^e now directing the great workshona 
of the world. It is by extending and enlareing this that sub- 
stantial aid has to be afforded to Industry and science, and not 
by teaching, a mere smattering in our primary or any other 
spools. In the case of young people who ftom necessity^ must 
leave the school-room at an early age, my own leaning U 
towards the present system, with the addition of drawing and 
some natural Science. , By it certain important lessons ore taught, 
which, if not followed under the dUcImine of the sehoolmaater, 
run some risk of being entirely neglected. After this» pfob* 
abiy, the playgtound will be found more useful and much 
more popular wth sobool-boys than trying to learn a trade by 
means of toots which, before he bos to use them in eonwati may 
be thrown into the scrap heap. 

As a national quesiion the, otteptfon of the Gorerimient^ 
Imperial or municipal, oi;^ht to be direct^ to the hnppTio 
ance of estabbshing In all great monu/acluring centres Instt 
tudons resemhlmg tboi bf the Fhyatcia College of this ^ty. 
These should consbt of appropriate and even band^me bnildf 
toga, pnmeriy furnished with the instntmebltt and a|ndiancea 
reqnlmior teaetbir^ the odenen in tbeir preef loel cia 

iDduairial. ptuyuks* Newcaotle, os M os in 
this hoa been dine on a Wi'ly ample seokr and iH 
the Cdllege of Sdieim ^ ^ 

oBeted pn sn<di tertoS ihjOt no on* can mqpenae 
bknist'to toentatlni|iipv^ , vy,):',' 
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\n niiAd the importtnoe of lH« nibi«ct, and romem- 
bering, as ^leagues and do, th« difficnltfet vra hato 
to cncoimter and thoM we have uitl before u«, I am 
Atroofffy of opinion that the etection and maintenance of colleges 
of mmc snoiild not be left to the accidental liberality of the 
few. but should be taken in hand by the nation at large. 


NOTES. 

Auonost the recent sc'entific missions undertaken by order 
of the French Government are ; one by Prof. Viault, of Bor- 
deaux, in the tabledands of Peru, Ecuador, aod Bolivia, to con- 
tinue the investigations of the late M. Paul Bert into rarefied 
air ; one by M. de Coubertin, Secretary of the Commit tee for 
the Encouragement of Physical Exercises in Education in the 
United Statesand Canada, to visit the Universities and Colleges, 
to study the working of the various athletic associations fre- 
quented by the young people of these countries ; one by M. 
Jacques de Morgan, mining engineer, to explore those parts of 
Asia Minor lying letwcen the south of the Caspian Sea, Arme* 
nia, the Gttlf of Alexandria, and Anti-Taurus (this mission 
will occupy two years and three monihs) ; and one by M. 
Candclier, to* Columbia, to make ethnographical researches and 
collections for the State. 

Messrs. Longmans have made arrangements with Dr. 
Nansen for the publication, both in London and New Vork, of 
an account of his recent expedition across Greenland. The 
book will be fully illustrated, and will probably be published in 
the spring of next year. 

The twenty-sixth annual meeting of the British Pharmaceuti- 
cal Conference was opened at the Durham University College 
of Science, Newcastle, on the loth inst., when the President, 
Mr. C. Umney, delivered the annual address. 

The Department of Botany, British Museum, has acquired 
the collection of microscopic slides made by the late Prof, de 
Bary. 

A COR RES TON DEN f of the Daify C/ironu/e states that parti- ! 
culars have reached Constantinople, of a volcanic eruption which ! 
occurred some days ago in the province of Erreroum, destroying 
the viUage of Kantzorik, and the majority of its inhabitants. 
Kantzorik was a little village of 215 inhabitants, ^ituatcd in the 
Caza of Tortdum, about 60 kilometres north of the city of 
Erzeroum. The village nestled in a narrow fertUe valley about 
idoo metres almve the level of the sea, on the slope of the 
eastern mountains. Before the eruption the inhabitaiUs were 
Startled by subterranean noises, and they noticed at the same 
time that the springs on a mountain which stands at the eastern 
end of the valley were dried up. Alarmed at these phenomena 
they appealed to the nearest lo^ authorities, and were advised at 
once to evacuate the village. The warning for the majority was 
too late., Towards midday, whilst the terrified peasants were 
prepadng for flight, the eruption came. The torrent ruahed 
down, bearing on its molten surface btnilders and masses of 
earth torn from the sur&ce or belched from the heart of the 
mountain. The whole village, with 136 persons, was engulfed 
in ibe stream. 

It is reported from Jupan that V^count Etinomoto, the new 
Minister of Fducation, ht devoting apeciuJ attemion upon rhe 
iiatrodueiion of tedmieat ednoalioa into the primaty schools of 
the Empire, end thet be turned to Italy ai a model. His 
adtmme U tn kutude technical education in ihecntvioalum of the 
piepifvaiof y imhoob, and to give chltdren techtdoal training from 

Mfiy BoTKAMtinr^ Aisbtai^i in 

department of ^ Yorloddre CoBage, has been 
ejected Flresident of ttie FkqCpi^afdttte Convention 


of the United Kingdom for the meeting in 1890, which is to be 
held at Chester. 

The Hand-book of Newcastle and District,’* compiled in 
view of the meeting of the British Association there this year,, 
consists of three parts, a third being on the geology of the district,. 
The volumes are very neatly got up and well printed. The 
general band-book is by the Rev. Dr. Collittgwood Bruce, the 
greatest living authority on the antiquities and history of the 
district, who has succee^kd in making a highly readable and in- 
structive volume, In a short introduction he shows the immense 
progress made by Newcastle since the last two visits of the 
Association, and especially since the introduction of railways.. 
Dr. Brace gives many reminiscences of the old life of Newcastle, 
and interesting details as to its historical buildings, os well as its 
modern instltutiona In an appendix, brief def^criptions are 
given of the places of interest in the vicinity of Newcastle ar- 
ranged in alphabetical order. The second volume is devoted to 
the industries of Newcastle and the north east coast, and is 
edited by Mr. Wigham Richardson. Each section is written by 
a specialist, and the whole is well illustrated by a fine series of 
maps and diagrams. We have chapters on agriculture, by Mr. 
Thomas Bell ; railways from (he Tweed to the Tees, by Mr. W. 

G, Xjiws ; the harbours of the north-east coasl, by Mr. P, J, 
Messent ; mining and quarrying, by Mr, J. Boland Anderson ; 
engineering, by Mr. W. Boyd; shipbuilding, by Mr. J. A. 
Rowe; electricity, by the Hon. C, A, Parsons ; manufacture of 
iron and steel, by Mr. C. Lowthian Bell ; lead, by Mr. N. C. 
Cookson ; copper, by Mr. George Gatherall ; antimony, by Mr. 

N. C. Cookson ; zinc, by Mr. John Pattison ; aluminium, by Mr. 
Curt Netto 5 chemical manufactures, by Mr, T. W. Stuart ; gas- 
works, by Mr. W. Hardie ; printing, by Mr. Sidney Reid ; 
manufacture of paper, by Mr. W. H. Richardson ; flour milling, 
by Mr, Edmund Procter; leather manufacture, by Mr, D. 
Richardson ; tanning, by Mr. G. Angua ; coachbuilding, by Mr. 

J. Philipson ; earthenware, by Mr. H, Heath and Mr. C. T, 
Maling ; photography, by Mr. Edwin Dodds ; carpeting, by 
Mr. A, Henderson *, cement, by Mr. J, Watson ; the develop- 
ment of the Portland cement industry, by Mr. J. L. Spoor; 
ropemaking, by Mr. R. Dixon ; the brewing trade, by Mr, T. 

W. Lovibond ; tobacco, by Mr. J. Hai-vey ; with a concluding 
section by the editor. The geology section is by Prof, Lebour, 
and is much above the average of similar hand-books. 

Dr, Rudolph Koenig, tiie well-known constructor of standard 
acoustical apparatus in Paris, has just made a discovery of ex- 
treme importance in the theory of music, the details of which 
he will expound at the forthcoming meeting of the Naturforecher 
at Heidelbeig. This is an extension of Helmholtz’s theory of 
iim$re to certain cases not represented in the elementary mathc- 
matical theory, and corresponding to the actual case of the 
iwi^r/s of certain musical instruments. The paper is certain to 
give rise to discussion, and will be of interest to musicians, who 
have never, as is notorious, taken kindly to Helraholti’s theory ^ 
in its oxiginid form. 

From an official summaiy of the proceedings at the German 
Anthropological Congress, which met at Vienna last month, it 
appears that after ProC Ranke had read the year’s report, in 
which the establishment of chairs of anthropology at German 
Universities was specially mentioned, Prof. Virchow read a 
paper on the progress of anthropology in the last twenty years. 

He thought In the next twenty years anthropologists would be 
able to explain the Connection of the various races and peoples 
of Europe. Prof. Schaafhausen dealt with the present condition 
of the iludy of ccania for anthropological purposes, and Prof. 
Ranke with the position of the ears in different races. Dr, 
Wald^f deacribil^ certain Investigations of his into the placenta 
in the huAtatt species ahd in apes, while Prof, ^uckerkandl s^ko 
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*of t|ie p|iy»ica3 qualitiet of the inhobitants of Stym 
-Carltithfa. Amongst other papers were the foUowivig 
Hoemes^ (he present position of prehistoric studies in Austria ; 
Herr Troeltsch, the protection of prehistoric ntftiqttUies t !Dr. 
Woldrichi the SU)(^e Age in Centtat Europe ; Prof. Virchow, 
'** Crania Americana ; and quite a number of writers deecHbed 
particular prehistoric discoveries, of bron^, stotie 

implements, Sic. 

On Thursday a&emoon lost a statue was erected at the 
Veterinary School at Alfdrt to the memory of Henri Bouley, 
who after Mng a professor there, held a ohmir at the Museum of 
^atnral History, and who before the close of his career was 
Presklent of the Academy of Scienoes. He was the author of 
bevoks on veterinary medicine and rural economy, which gave 
a great impulse to French agriculture. He made successful 
efforts to raise the education and social position of veterinary 
surgeons. The statue boars the words, *‘To I-leari Bouley, 
i8i4>-i885 ; his pupils and his friends/’ 

Recently we referred to an entomological tour about to be 
undertaken in Ceylon on behalf of certain German Museums, by 
Herr FrUhstorfer, a Berlin naturalist. The Ceylon papers now 
contain an account of the tour in the island, and Its results, fVom 
which it appears that he left Colombo at the beginning of 
April, and went vid Ratnapura and Petmadulla to Balangoda, 
in the neighbourhood of wldch place die stayed for some time, 
and then he took a trip over the hills to the low countiy round 
al^t Blntenne. In this neighbourhood he stayed altogether 
ten days, after which he made hU way to Belihuloya, which he 
describes as most interesting country for naturalists, the hills 
round ofjfering 6ne scope for the insect-trappers. Here he col- 
lected some very .good sp^hnens, principally dragon^'dies Of 
scientific interest. Beetles were also plentiful, and he was 
successful in obtaining some excellent specimens of the rare 
family of the Cetomdijt^ and also captured one or two of the leaf- 
butterflies^ which are so seldom seen, and so difficult to catch 
when seen, owing to the practice they have when pursued of 
flying to a bush or a tree, where their peculiar colour and shape, 
assimUating to the colour and shape of the leaves, render detec- 
tion almost impossible. On May 6, Herr FrUhstorfer went on, 
vid HaldumuUa and Koslande, to Wellaway, where he collected 
some beautiful butterflies, nptably several s(^cimens of the family 
known as Papitioi {ffioiitanus). In the jungle near the Kotti- 
yagalle estate/ he captured some spdendid butterflies, and an 
almost incredible number of grasshoppers. Here U< oolUoted, 
amongst other interesting specimens, a number of the ineects 
which, from iheir red bodies and golden crestSi are called 

siddfer*’ grassljoppera, Heturniug to Colombo for a time, he 
made an excursion to panadura and the Bidgodde lakes, where 
he found centipedes of all kinds, including many rarities. On 
July 8 he journeyed to Kandy and Matale* and on to Bambool, 
whwe he stayed a week, and where he gathered Uls best ^eoi- 
meni of or locusts, amongst them beiiig some leal- 

locusts of beautiful shape, and golden beetles, which me greatly 
in i-equest by collectors and museums. Wliile in the ne)gh- 
(>ombood of Datnbool he visited Anuradhapura, and thence he 
went on, over llabboorenna, to Kanthalai and TtincomaJee, 
where he added to his store of butterflies^ 

Hksr FEt;HSTORPSR, howover, did not work alone, 
•cmployoid altogether fourteen other coBecton, who haue boea 
oonectitig fbr hhn in aB parts of the island, and the tesolt it that 
be has now a gigantic coBeefiton^ the number of whl^ be iajw it 
would be dififioult to estixnato ; but be thinks hois Wdl within, 
the mark in saying (hat It includes as/ooo beetles, aboat pm 
fawtterflles, about ^ooo a like number ^of 

Hiesf and a thousand spiders ai^ centipedes. He has a 
•simnber of batterflleaand Oftkapitroit that are not to be Ibua4 ^ 


the Colombo Museum ; while, nuoserically speak ingi he says he 
has more then tbtoe rimer the number ol dregm^flies hi be lUen 
there. Amongst his nsost valuable rpedmeiia are the leaf-btttter-^ 
fHes and locusts, and the long-h«Smed beetles and 
Besides all these, be has a good cotlection of snakes, sreongK 
which arc cobras, sea-snakes, and specimens of (he VmpilHdm 
and false snakes. Besides rei)ril«i, Herr FrUhstorfer has, a valtt- 
able collection of sheWs, He describes Ceylon as being a very 
rich field for naturalists. 

At the July meeting of the Anthropological Society of Bom- 
bay, Mr. Kitts, of the Indian Civil Service, read a paper on the 
early history of Northern India, in which the theory recently 
put forward by Mr* Hewitt, on the eirly history of Indtai was 
stated aud dtscusiscd. The theory of Mr* Hewitt is briefly this 
Hint the first immigrants who settled in India and have 1ef( 
tretes surviving were the so-called KoUrlan races, who came 
from the north-east, and that their descendants, to the number 
of ten millions or thereabouts, are still occupants of Northern 
India. The Kolarians were succeeded and conquered by the 
Dravidians, who came from the north-west, and developed in 
India a very high state of civilization, both social and political. 
Large estates belonged to single owners, such as the talukMri 
tenures in Northern India, and the nemindaH and patidari 
tenures in Southern India. short,’* says Mr. Hewitt, *Mt 

was the Dravidians who founded and consolidated the present 
land revenue system of India.” The Dravidians also organfred 
the punckayet and chowkidtir system of village government, 
which has survived to the present day. All the manual arts 
and industries practised in the India of to-day were known to 
and pTRctiaed by the Dravidians. The Aryans, migrating into a 
liind occupied as India (bnn was by the Dravidians, with a 
strongly-organized Bystem, of government, found great difliciil'y 
in obtaining a foothold, and even when they had Hecured a 
tract of country tn the north-west for themselves, did not obtain 
supremacy over the rest of India by force of arms. The agents 
of their subsequent advance were three — religion, commerce, 
and military ability. Friendly alliances were concluded between 
the new-comers and the snake races of the Drovidians. The 
Aryans admitCeil the noble races of the Dravldiatis to be Of royal 
blood, and accepted Siva or Lingam worship as not dlshonourhig 
to their religion. The Dravidians, thus recognized as of noble 
blood, were the ancestors of the moderh UajpoOts and the 
Ksbatriya caste. Intellectually the Aryans were far superior to 
the Dravidians, and the Aryan tongue was accordingly adopted 
as the /id^ua franco for commercial purposes. So, too, the 
Aryan became a necessary element in every court and In every 
commercial enterprise, and from this time forward (about six 
centuries B.c.) their supremacy was assured. 

A RBCfiiHT issue of the Japanese OjficiOil contains an 

elaborate table showing the number of earthquake shocks felt 
m ToWio, and registered at the Central Observatory, from l 87 S 
to fSSp. The GtmHe says that a large part of the area 

on which the city of Tokk) stands,, being of the oharecter of 
aUavhU deposit, is exceptionally senstfive to shocks of eaitb' 
quake. These statistics^ qovarii^ a period of fifteen year#, 
unmistakably indicate the three closing and the three opening 
months of the year as the period of maxipium seiamic activity 
for Tokio. March b Mr month, pa^' rxrrf/rMre, and next to H 
comes Decembar. The order in reiq>ect to feaquency Of sltoq^ 
b March, Decethber, February, May, January, N^ovemlfei:^ 
October, April, Jtme* July, September, August. 

Iw a epedal article of aotbe fength on the new 
mediate Education Act* the Timts says that, while it rebbBi’tN’h 
wiiboot anif^teiLtibg* the high«r efemeiriaty lohools 
so warmly fostered by ibe ^ifearidn 
ftm ago, It (i^fs power; not m)f re deni wlih retereredlniif^ 



S^. I*, t&SS] 


NATURE 


481 


cducaUon, propsriy 10 c&]I«d, b^t alto to bitcome for 
Wall*, bud M<uiin<Hith aTcehiiicud BduoatioB Act in orafy thine 
but aajnt* As a $ 9 om^wy Sduoation Act h will (kromoto in^ 
•ftrticti0ii in ** laiinf 'Gi’sck, tbe Walsh and EneJish Jenguagas 
and UtefatnrCi modant UUnguitgof, moihematicSf nauural aad 
appilad science, . . . and gev«raJl|r io the higher bvanchea of 
kaowiedge/* As an Act for fortbedng technical educiitioi;ii it 
will promote the teadiing of (i) any of the branches of science 
and art with rei|kect to which grants are, for the time being, 
made by the Department of Science and Art ; (2) the use of 
tools, and modelling in clay, wood, or other material ; {3) 
commercia! arithmetic, commercial geography, book-keeping, 
and ahorthand ; (4) any other subject apjfdicabfo to the pur- 
poses of agriculture, industries, trade, or commercial life and 
practice, which may be specified in a scheme ... os u form of 
instruction suited to the needs of the (jmrticuiar) district. The 
only restriction to the fullest tlevelopmeat of techmeal science to j 
be aimed at under this Act is set focth in the proviso to the 
effect that any proposed ooutue of technical instruction ** shall 
not include teaching the practice of any trade, or industry, or 
employment,^' 

A RECENT issue of the French yturn^ Officitl contains the 
Report which M, Rouchon-Brandely, liwpeclor- General of 
Marine Fisheries in France, has made to the Minister of , 
Marine, on the subject of the cultivation and condition of the 1 
natural oyster-batiks of Urittaay, He visited St. Malo, where 
he reports (he Rome, a river in which oysters have grown for ; 
the last fifty years, os being a spot eminently favourable for ex- ! 
periments, ou a large scale, in the improved cultivation of this 
shell -fish. 'I'he oysters have been wast ofu Uy neglected in the j 
Roma, and at the preservt time tlie industry appears to be almost 
nimed, but to be capable, with a little care, of bchiig restoi’ed 1 
to a condition of very great importance. Proceeding weatword, 
he found the Bay of Sl« Brieuc, once a riclj oyster-field, entirely 
destroyed by the reckless use of the dredge. A little further, 
at Tr^uier, he found the oyster-beds still existing which pro- 
duce the famous Breton oyster, a fish rather larger than the 
Osiend variety, and not a whit inferior to it in flavour. The 
fljriwruien have fished to excess, in spile of all oflicial warnings \ 
they have kft the beds no rest or time for growth. The Report i 
suggests a return to the regulations of 1750^ by which oyster- 
fishing in die creek of Trader ww permitted only once in six 
yeaus ; or, If this be considered too long a close season faV prac- 
tical purposes, to prohibit the fishipg for two years at least, 
duriiig that period to cleanse and tend the beds, to check the 
wastefolneas of the people of the locality, who are in the habit 
of helping themselves freely to oysters, and tp arrange that an 
ordinary tide, and not the lowest Udp in the year, should^be 
ohoHn for the periodical general fishery. The Report speaks 
lyhh conriderabfo bitterness of the total destruction of the once 
ffouitinhiixg oyeter-dieds of the Roads of Brest, ruined by every hind 
of waetefol and improvident fishing. M. Boachon-Brandcly is of 
oplnioo that these beds deserve tp be replanted, and that, if 
proper cam be taktn to protect them, there is no reason why 
they Sihbutd not flourish* But it will be necessary, by some 
pen^ mlsiHotion, to cheek poaoblog 4 and he believes that the 
expense of maintaining ke^^ers on the Oyster-beds would be 
amply repaid the profits which wopkl result from the pre- 
veadfOO of poaching. Along coast iof , the Morbihan the 

oyater-bedt were found to fie in a ooncBtion much less exbanated 
than in Finktkr^ la the nel^boarhood 

^aaaes alhrie e^ametjoes to watching the oyster- 

Mseifig that they ate W 4i«(urhed by panckors^a 
piroio^ii^ which has been fodnd to M of eaeeU^t ^ice in 
mserving the fish, ; At evexy M/ BoaChon-Rm 

&Ui(0 ^hat tb^ of dredgasi the conanmt dis- 

of young Aeljs had 'faeea, the pidneipd causes of 


the rapid decline in the value of the Breton oyster-beds^a 
decline which has induced the Ministry of Marine to intrust 
him wltii these investigations. 

Th£ following observations on the subject of sgricuUural) 
laboratories in Belgium are taken from a report recently issued by 
the AigrioHiturai Department of the Privy Council. Every 
person Irving in Belgium who purchases not levs than a ton of 
feeding stuffs can have samples of these analysed, free of cost, 
at the agricultural laboratory which exercises juriidiction in the 
province in whidi the purchaser resides. In the last numl^er of 
the de rApicidlut'^^ published by the Minister of 

Agriculture in Belgium, there is a valuable repcirt from the 
Commisaiouers appointed to superintend the establishment of 
agricultural laboratories and to inspect them periodically. From 
this it.appears that there are now seven agricultural laboratories 
in Belgium where gratuitous analyses of manures and feeding 
stuffs are mode. By a Royal decree, dated August 1SS7, the 
agricultural station at Gembloux was reorganized and a distinct 
agricultural laboratory was attached to it. Besides this there are 
agricultural laboratories at Gand, Li^e, Hasselt, Anvers, 
Mons, and Louvain. Not only are analyses supplied by these 
institutions, but information is furnished to agricultiuists upon 
the rational employment of manures, and the best modes of 
using various feeding stuffs as well as upon other agricultural 
points. At the station of Gembloux aUme there were 227 
consultations with agriculturists upon divt'rs questions of 
agronomy. 

A MKMOWANDUM by Mr. Charles Whitehead, Agricultural 
Adviser to the Privy Counoil, on the subject of the introduction 
of insects injurious to corn and corn crops in wheat imported 
from India, itas recently been issued. Mr. Wlntehead says that 
the foreign matter mixed with wheat imported from India into 
this country serves as a medium for the wholesale transportation 
of insects injurious to crops. From the cleaning of Indian wheat 
several categories ore formed at the flour-mills. One consists of 
short pieces of straw of from one inch to two inches and a half 
long, wieh pieces of wheat ears. This is sold for litter, and is 
distributed among various farms in the nelghbourbouil of the 
mills. In this straw the most dangerous com insects might be 
initrodnced— insects of the type of the Hessian fly, of the /sostmia 
Hordtiy the joint worm wifiose appearance in Great Britain is 
feared by agricultural entomologists. Another comprises light 
and misshapen grains of corn with weed seeds, known in this 
country as ** screenings,” and which ought to have been taken 
out of the bulk by the Indian producers. This is purchased for 
pigs* and idiickens’ food, being therefore scattered over the face 
of the land. In this, com weevils esi^eciaily and other insects 
may easily be conveyed; It is well known that weevils are 
most destructive to wheat and other grains in India. It is also 
equally well known thal they are brought over to British ports 
and granaries in abundant quantities with Indian wheat. One 
species of weevil, (he Cahndra ory&,v^ the rice weevil, docs 
enormous barm to wheat in Indian granaries, and to wheat 
while it is being transported in veeseU to this country. The 
admixture of diit, seeds^ and rubbish causes the wheat to heat, 
which of oemrse is detrimental to its quality, and at the same 
time causes weevils to propagate unusuaDy and to materiaily 
damage iL Sometijnes the cargoes of wheat that have been 
heated aic neariy (diye with wecvBst causing great w«bU and 
heavy foie to importenL This loss continues when the bulk is 
taken h> gsaharios or warehouses where the heat is still evoWed, 
the weevlU mwel in it. The amount of loss occasioned by 
this weeiril is fiUipa^ kt an average of zj per cent. Taking 
the value of wheal exported at j£fifOoo,ooo, the amount of loss 
dne tp tfiie Insect in exposTted wheat alone equak jff50|OOp* 
AhOther wecwl, the Caiundru granttria, closely allied to 
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Calandrtk ctyza, i$ also brought over with Indiw whtut* This 
ur«uvil Ifl luiowil in British and other Europeui gnnsziesi but tt 
it presumed that the heat und surrounding droumstaaGes of 
cargoes of Indian iy|heat lavour ita development and stimulate 
its powers of destruction. Aa It breeds freely in this country, 
the danger of its dUtribuiion is great. Besides the actual 
money loss occasioned by these weevils, it is stated that the 
flour made from wheat much infested by them is injurious to 
health. 

The Krench Consul-General to Bbltvia, in a recent Report to 
his Government, gives some interesting remarks on the popula- 
tion of that remote State. The population, he says, consists of 
about k, 500,000 persons, and is not hookogeneous ; it consists of 
the white race, descendants of Eufnpeans, the Indian, the 
original inhabitants of the country, and the Mestizos, called 
Cholos, a mixture of Europeans and Indians. The Indians 
form more than half the population, and the white ra:e about 
one* quarter* The manners and customs of the Bolivians vary 
accoiding to the social group ; the white race have much the same 
customs as Europeans. Special mention is made of a national 
spice probably little known in Europe. This is pimento (agi) 
which bums the palate, and is largely used in all ^livian food, 
and forms an important article of commerce. The continual use 
of such a hot condiment luirdens the mouth, and explains the 
ease with which nearly nil Bolivians can take the strongest spirits. 
The Indian has very diflerent customs. He sustains himself 
during work or when hunting by chewing the leaves of the coca, 
and always carries a quantity with him wherever he goes. As 
be U addleted to drink, he gets drunk whenever he can. His 


Brazil, presented by Mr. James Waddell ; three Bengal Foxes 
(Cbwfr from India, presented by Colonel Creak t a 

Common Badger {Mda fratar), British, presented by Mr. C. 
Holme i a Grey Ichoettnum from India, pre* 

sealed Miss Colvin ; a Created Porcupine {Sfytfrix ^Hsiaia) 
from Ceylon, present^ by Captain Rone; a Ringed Plover 
{^gutlUis BritKh, presented by Mr. H. M. Upeber ; 

a Red-billed Tree Duck (Demdrwjfg^na ostiumttafis) from India, 
presented by Mra Alfred Oakes ; five Hobbies {FaJcff sm^butw) 
from Spain, deposited; two Upland Geese {Bermtla 
lanica^ var. dispart i 9 ) from Patagonia, two Spur-wlnged 
Geese {P/ecirapferus gam^sis) from West Africa, two Black- 
backed Geese {Sarcidiornu mdamnata) from India, purchased. 


OUR ASTRONOMICAL COLUMN, 

The Triple Star 2 3400,— In the year 1^84 a third star 
was discovered by M. PCrrotin, lying neSrlv midway between 
the two components which had b^n dUcoverea by Struve in 1839. 
Mr. Burnham, writing to the Observatory under date July 31, 
1889, now points out that the observations made of the three stars 
show that the change in position of the two compknion stars is 
wh >]ly due to the proper motion of the principal star, that the 
two fainter stars are substantially fixed with regard to each other, 
and may possibly prove to be physically connected, though with 
but slow motion, and that, thirdly, Struve's observation in 
was of the new, and not of the old, companion. It appears 
curious that the inner companion was not discovered earlier, os 
it is almost as bright as the outer one. The large star Ls moving 
away from the fainter, so that measurements will be rendered 
easier in the future. 


favourite drink is pure alcohol. On high ground the Indian 
wears a particular dress summer and winter. This consists of 
loose drawers, made of coarse linen, which leave the lower part 
of the and feet bone, over these a linen tunic, and a poncho 

which is used as a mantle. He is accustomed to a hard life, and 
sleeps in the open air, covered only by a piece of linen, no mat- 
ter what the weather may be. The morals of the Indian are 
more than doubtful. His black and glossy hair never receives 
attention, his red skin acquires a dark colour from the dust which 
accumulates on his body and becomes part of his epidermis. On 
fPe days, men and women cover themselves with tinsel, skins of 
wild beasts, feathers of every shade, and dance and drink until 
exhausted by fatigue and drunkenness they throw themselves on 
the ground, This mtee, which is interesting from the novel 
spectacle it presents to the stranger, has but little apprehension 
of the benefits of tdviUzation ; it carries on, however, the agri- 
culture of the country. The Cholo or half-castes already men- 
tioned belong to the least estimable part of the population. They 
get drunk frequently and work little ; they wear trousers and a 
vest, over which is thrown a poncho. Hiey are almost always im- 
moral and dishonest ; wherever there is a disturbance there they 
are to be found. They are the handicraftsmen of Btriivia, and 
are not without some skill. 

The MUemvUgUche Ztihtkr^ft for August contains a discus- 
sion of the daily period of the humidity in Chrisriania, by J. F. 
Bchroet^, based upon an old series of hourly observations made 
at the Observatory between 184k and 1847. The vapour-tehiion 
exhibits the usual periods of doable maidma and minima. The 
relative humidity shows a strangly-marked maximum in the 
morning, and mforisum In the afternoon ; the ^>oieh of the 
maximum occurs earlier from the wiittcr to the summer solstloe, 
and viet n/rvd. Br. A. Wachlosrski contributes a paper on the 
rainfoll of Gallc^, The yearly; jEWiod is a very elaple one ; 
there la a maxbftum in July; anil a minimum in January and 
February, The oemntiy b divided into seven dtstr^% in 
which the animal raiiodah varies from 04! to efii inches. 

TttE addhiOBS to rite ^bdet/a Gaideni doriti^ the 

past week foelnde a Common 'Marmoset \MdpaIe from 


The Potsdam Observatory.— The second part of the fourth 
volume of the Publications of this Observatory has just appeared. 
It is given up to solar physics, the heliographic lalitudes and 
longitudes of the sun-spots from 1880-84 forming the first section ; 
HerrWilsing’s research (see Nature, vol. xxxviii. p. 206, June 
28, 1888) on the rotation period of the sun as derived from the 
obwrvatioD of faculse, the second ; and a descr ption of Br. 
Lohse's photoheliograph, and of the method employed at the 
Observatory for the measurement of the solar photographs, the 
remainder of the volume. 

The Observation oy Sudden Phenomena, ^Prof Larm- 
Jey, in the Sid real Messenger for August, proposes a method Sr 
greatly diminishing personality in the observation of suddmi |^eno- 
mena, such as the disappearance of a star when occulted by the 
moon. The principle of the method, which is susceptible of a wide 
application, consists in associating a motion, real or apparent, of 
llie object with intervals of time, so that the apparent position 
of ihe object at any occurrence being noted, the time of the 
occurrence will be known. For the apparent position, say, of a 
star at occultation is an integral part of tnephenbmenon observed, 
and does not deprad for its correct estimation upon the rapidity 
with which the mind can pass from one order of impressions, as 
the sight of a star in the field of a telescope, to another, sudi as 
the estimation of the interval that hss elated from the last beat 
of a pendulum. Some preliminary experiments with an eye- 
piece, in which the star under observation was made to appear 
to revolve once in a second, showed that U was quite possible 
to observe an occultation with a probable error of only one- 
fortieth of a second. 


astronomical phenomena for THB 

WEEK iV^ SEPTEMBER 

/pOR th« rM^ooing of tin. tbe civil ibjr, comaMieiW;.;>t 
Greenwich mean midnight, counting the hours on to 041 
is here employed.) 

At Qreammkh bn SepUmktr 13 

San rites, 5 t>. 37 <i>- 1 Mnctht, tih. j;$m. txM. ; 

toathiag, at'M.; lati. tSjh. nau s we.oa m«4ililaiii 
ti^ jjdm. i dad. «* 5 i' if, Sidetwl tkiuf M 8mtk 

Jlooa {MXiut Qjdrtar Sapl a aibd' if, 

•Mduf, 4b. wai { 'tatt, tab. >s. « 

^ SS'Jb. j 4ad. 1 ?* 7 * X. 
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So|tt, h. 

20 ... 8 ... Msrs in conjunction with and o* i' north 

of Saturn. Some interesting^porticulars^ by 
Mr. Marth, concerning the near approat^ of 
these planets sre given in the M^hly 
Moticts of the R. Astron. Soc,t vol. xUx. 
p. 424, Observationa of the appearance 
which the planets wilt present, by persons 
not pos^sing telescopes, will be espcciatty 
interesting. The bright star Regnlus wiU 
be in the Immediate vicinity. 

30 ... 23 Mercury at greatest elongation from the Sun, 

26*' east. 


VariabU Stars* 
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M signifies nuucimum ; m minimum ; saoondwy mtrumttm. 


Afstior^Skrmrs, 

R.A. D«cl. 

Near 0 TauH *i« Its aa* 65 ... 22 N. ... Swift; streaks. 

„ II Aurig* 75 ... 41 N „ 

„ p Orionis 90 ... 18 N. ... ,, „ 

98 43 N 


GEOGRAPHICAL NOTES* 

Tits Indian Survey Bepartment has just issued the sec<md 
edtdon of an elaborate coloured map of India in six sheets* luTly 
conned up to 1888. The rcale is 32 miles to the inch, and the 
details are most minute. British tevritory is dearly marked as 
well as dependent and subordinate native States, and (ndepen- 
dent cotthtries and foreign possessions. Main and minor roads 
too are dearly ubted^ and railways bpen and in progress are 
indicated, whS(e the yoshioh of li^thottses, passes, jfoits, and 
canals, is diown in a most precise manner ; another feature is 
that tlm dthudes above sea-level of the ddef stations throagbout 
India are given. The map wa^ first issued under the direction 
of lient*^ueiieral J. T Watker, C.B., R.E., and is now reissued 
trntlK Instrao^^ liom Colonel ft* TMlUet, R.E. 

It > mpmtcd IVom UdMuitt thsd arrived 

there bn August a8, alter annckfng Htmip!#Dy and Rierson 
Islands, in tlfi Mahihiki Ofos^a duster of humllistends in the 
Alatern to the north w Q>ok Istands. 

^ THt^Uowingletter 
sj%e#tarM;laKt ^ 

i# la* an4:nM conrpalkd tp 


It oUrlM to ^ overf^r 0f the 

sn^ tdTi 


Japtam G«t»ahd)«vdy, 
1 left ' MatglMlan oir 


ramn,end tbe dednkaion 'bf the 3^ vain 

-T "'lanftW, W 


Attyn Masar, I returned to AUi, and reached Kala-t-Khumb, 
through Karategin as far as Mouroina, Lake Yashil, the pass of 
Gardarai, KafarVakhia, and Pasnand. I purposed proceeding 
op the River Khuf, as far as Lake Shiva, but the borders of the 
lake were occupied by Afghan troops. I j>ball tberefove go up 
the Paojah towards RoshUn and shugnan, where Ak Barsba, 
whose days are numbered, still holds his own. He lately made 
a fold sortte against the Afghans, and took the towns of l&h- 
kashin and Zebac, but, being surrounded by superior and better- 
disciplined forces of A^hans, he was obliged to surrender both 
places and retreat on Shugnan. He sent his Afghan prisoners 
to Darvaz, whence they were sent home by the Bokharan 
authorities through Koaltab. 7 n three days I shall be in the 
centre of military operations, and as the issue is certain to be 
favourable to the Afghans, 1 am sending a letter to Faizabad. 
to the Ameer’s liei^ tenant, asking permission to pass through 
Kafiristan. The lett^ la carried by a native of Shugnan, 
who was sold as a slave for his devotion to the Afghans, and 
is owing his liberty to me. All well, in high spirits and full of 
ener^. I have with me seven Cossacks, two Tekkes, two 
Kirgiz, one native of Shugnan, and one Crerman." 

Thk following account of M. Bonvalot's tour in Centrcl Asia 
is taken by the Paris Pigaro from a letter from the traveller him- 
self. He is accompanied by Prince Henry of Orleans, the eldest 
son of the Buc de Chartres, They have safely reached the 
Russo-Chinere frontier, and when the traveller wrote were about 
to cross into Chinese territory. M. Bonvalot’s present object is 
nothing less than to make his way into Tonquin across Chinn. 
The following U his proposed itinerary : from Omsk to Semi- 
palatinsk, then to Bakti,nexttoChuguchak, and thence onwards 
in succession through Chicho, Manns, Unimtsi, Kniashar, Korla, 
by the course of the Tarim and Lob Nor to Karkalik, across 
the Tchamuen Tal by the way of Naichi Gob to Ketukoo Saf, 
Tsamdo, Batang, Yunnanfor, and finally Tonquin. M. Bonvalot 
ends his itinerary with the following refiections } — ** A sufficiently 
hazardous task, perhaps incapable of execution. In a word this 
is our ideal, but complications and accidents may perh^s com- 
pel us to modify it. For the present we hope to reach China as 
quickly as possible, llie approach of winter on the higher 
plateaus of Tibet frightens me a little, and makes me long to be 
there.” 

The Indian mail brings intelligence of the death of Mr. 
William Walts M’Nair, of the Indian Survey. In 1883, Mr. 
M’Nair, dwguired as a Mahometan doctor, succeeded in reaching 
the outlying valleys of Kafiristan, travelling by way of the Swat 
Valley snd Chitral. For this adventurous journey, in the course 
of which he obtained much valuable information regarding the 
passes of the Hindoo Koosh and about the manners and cus- 
toms of the Sirjah Push Kafitv, the Royal Geographical Society 
awarded the Murchison grant. Mr. M’Nair, in whom the 
Indian Government has lost an able and zealous servant, died at 
Mussoorie, on August 13, of fever contracted at Quetta. 

Ik answer to telegraphic inc^uiries, addressed to Tromsb by 
the Bremen Geographical Society respecting the fate of Dr. 
Kukenthal, whom they had sent out to explore the North Polar 
regions, a reply was received a few da^ ago stating that, 
alriiough the Bemtinat on board which Dr. Kukenthal was, 
had stranded, yet the young explorer and his companion, Dr. 
Waller, with alt their equipment, had been saved. Their 
voyage had not even been delayed, as they had not returned to 
Tromsb, but had proceeded in another sealer, the C^tcilie Mag- 
daltssa* In July they intended to press forward on the north 
coast of SiHtzbergen. 


UmVEESITY AND EDUCATIONAL 
INTELLIGENCE* 

Tke result of the examination for certificates held in July last 
under the diredabn of the Oxford and Cambridge Schools 
Exaidnation Board has been published. In the examination 
for ,hig^ ceitifiqdes there were u6t candidates, of these 64 
wen bahdhiates for letters only. The number of higher 
^nifioates a^warded wu 785, and the number of letters given to 
was u. The total number of candidates for lower certl- 
ficatei wax 709, and the number of certificates awaided was 408. 
For the neWly-eaUthliahed commercial certificates there were fid 
candidalcfi, and 25 certificates were awardetl. 
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'The following ar« tht fttditi*lic6 so far as sckntifio; aul»j«cts art 
«onCftmed:— 

Mfgker C^tiific^es. 

Mftt|mTSia)ticH| ... 1068 

Math^matips, Addition^ ... 483 

Natural Philosophy, Maohanical 

IMvUlon 1. noi 

N atnral Philosophy^ Physical 

DMsioA ... 46 

Botany ... 23 

Physical Geography and Ele- 
mentary Geology ... ... 46 ... 44 

Biolpgy 4 ... 3 


> 

Fasw4. 

934 

344 

9& 

. 42 . 

17 


Bisths- 

0Oi4hMl. 

O 

. 85 

• 47 

. 31 

• 7 
2 


Lowir Cerfific&Uii, 


SubJ«ct. 

Arithmetic 

Additional Mathematics ... 

Geography 

Mechanics and Physics 
Physira and Chemistry 
Chemistry and Mechaziics ... 


Nojttf 

Candidates. 

- 709 

. 638 

3^ 
62 
60 
44 


fioooad 

ChuK. 

%^1 

243 

f53 

33 

19 

16 


CommtrcuU Ctrtifi/cAUs* 


Subject. 

Arithmetic 

Algebra 

English 

Shorthand 

Geogmi^hy 

Xnoiganic Chemistry 

Mei^^nica 

Electricity and Magnet^ni 
Sound, Eight, and lies^ . 


No. of 
Candklatol. 
66 
66 
66 
t3 
66 

*5 
12 

*9 

• 15 


Sterna 

Clan. 

40 

28 

2 

8 

f4 

10 


First 

Class. 

244 

44 

H 

30 

6 


Finit 

Class. 

\l 

7 
o 

4 

8 
4 
4 

o 


SOCIETIES AND ACADEMIES. 

PARtS^ 

Acaderny of Sciencea, September 3. — M. Des Cloizeanx, 
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Brooks's comet, by M. G, Bigourdan. This companion, obeerved 
since the 37th ult^, is a small iiound nebulosity (oC tnagnitude 
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of the terrestrial .salnmander, by M. C, Phtsntix# Then^t 
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about I 8 milligrammes pm kilogramme of the ardtaal^: mb 
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vagus, indefinitely profmiged beyond rSium of the heart-beats, by 
M. F. Laulanici. The inuacardiac atreStbigspparatusisnot, as has 
been supposed, eithaaSted when the heart t^ins to beat again tffer 
stoppage through the vagus. ^Catbeterism of the ureters, by M. 
P. Poirier. The bladder is illOmined with a cystoScope, con* 
taining a small incandescent lamp at the end of the sound, and 
an optical apparatus, whereby the mouth of the ureter cam be easily 
found, and the small catheter (also iticluded in the cystoscope) 
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regr^Bsioii of the parenchyma Of Gerdjans, by M. A. VUlot.-- 
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hi the Gulf of Marsedles. The animal is described. — The pro- 
tophylline in etiolated plants, by M. C. Timiriazeff. He finds 
confirmatory evidence of his view that it is protophylline that, 
oxidizing in light, gives Hse to chlorophyll in the living or- 
ganism. Protophylfine is obtained from chlorophyHine {i,e. 
chlorophyll minus xanlhophyll). 
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THURSDAY, SEPTEMBER 19, 1889. 


THE BRITISH ASSOCIATION. 
Newcastle-on-Tvne, Tuesday Evening. 

A mid much that has been stale and dull, the present 
meeting has not been without excitement. The 
discussions on heredity and Darwinism in D, Mr. Du 
ChailJu’s attempt to make the Vikings responsible for the 
English-speaking peoples, and Dr. Nansen's appearance 
in several Sections, have all helped to keep the Sectional 
work alive, not .to speak of the considerable number of 
papers of special scientihc interest. Of the Sectional 
addresses, those of Prof. Geikie, Mr. Anderson, and Mr. 
Edgeworth are most spoken of for novelty and interest, 
the latter, curiously, for the touches of fiin, if not humour, 
chat the author succeeded in imparting into what seems 
at first sight a dry subject. 

As to Newcastle itself, everj body is satisfied with the 
treatment this young city has accorded to the Association, 
and everybody is pleased to see the footing which science 
is getting in the place in the splendid new Science and 
Medical Schools. It is, moreover, gratifying that, in a 
district where the practical applications of science are 
everything, distinct acknowledgment should have been 
made of nie value and indispensability of pure scientific 
research. This was done on two occasions : first, in the 
admirable speech of the Mayor (of whom all speak well) 
at the magnificent banquet given by Lord Armstrong ; 
and again before an audience of over 3000 working men 
in the Drill Hall, when the various trades associations 
presented an address to Prof Flower, before Mr. Baker 
gave his lecture on the Forth Bridge, and thus recognized 
that only as the result of long series of complicated 
researches, undertaken solely for themselves, has the 
accomplishment of such a stupendous undertaking been 
possible. It goes without saying, that Mr. Baker’s lecture 
Was a marked success ; it is difficult to describe the 
enthusiasm evoked from an enormous audience keenly 
capable of appreciating the points. It was stated that 
over 8000 applications had been made for tickets,^ when 
01^ 3500 could be allotted. 

The social arrangements have been all that could be 
wi^h^« ft would be difficult to convey any idea* of the 
thoughtful arrangements that have been made in many 
cases to secure the comfort and enjoyment of the visitors, 
and especially fof* |he hard- worked omcials of the Associa- 
tion^ The banquets, receptions, conversasdones^ and | 
other similar feacufes, have been many and excellent ; 
while no fault could be found with the excursions : that to 
DuHtam on Saturday gave pleasure to all who joined it, 
especially to those who were privileged to sit down to the 
substantial luncheon in the grand old Castle. At the 
Cati)« 4 tal service aforwards, it Was interesting to see the 
Sectional Secretaries sitting humbly in the chancel, and 
a few eminent Presidents of Sections exalted to the stalls 
of Cartons and Prebends. 

At th^ General Committee Meeting yesterday there 
was unusual exciteixkent. These meetmfs are generally 
scantier attended; bot, from the crowd Which nlled the 
rooth imd hovetea around the doors, it was evident that 
iptsc^ter was bmwJng. other business was trans- 

adedi It was annoutficed^ to % evident rogret and pain 
of everyone, ibat Mr, A^hison could no longer, owing to 
l^healuijt condeee un his duties as 

and that a sui^sessor wmdd have to be op^inted. Ut 
Atchison's with the Association was evident 

mtn the enthns^m exhUiftttd In the ptoposed votes of 

ebpAci thenameitffhecah^^ 

by the Cbuncil the is^eetihg was then 


announced, and supported by Prof, Garnett and others. 
But opposition to the selection was immediately an- 
nounced. It is unnecessary to report in detail what will 
probably be found in the daily papers ; but it was evident 
that there was widespread dissatisfaction with the con- 
duct of the Council. No one had any espeqal objection 
to this candidate, although he had never had any con- 
nection with the Association; but it was felt that the 
Council had acted unwisely in passing over certain other 
candidates who were of eminence in science and had had 
long experience of the workings of the Association. After 
many ^opo^s had been made, and much excitement 
mamfestea, it was at last, almost unanimously, decided 
to reappoint Mr. Atchison, and authorize the Council to 
provide whatever assistance should be necessary. Hap- 
pily, Mr. Atchison said he was willing to agree to this 
proposal, and so the incident ends at present. But it 
was expected that the matter might have gone further, 
and the whole subject of the constitution of the Associa* 
tion discussed, and the advisability of conforming it to 
existing conditions. Happily, such a discussion has 
been postponed : it would have been unwise to continue 
it in connection with so personal a matter. 

At the same meeting, the invitation from Cardiff was 
accepted for 1891, while that from Edinburgh will no 
doubt be accepted for 1893. The meeting at Leeds, 
beginning on September 3 next year, will be presided over 
by Sir Frederick Abel. 

It is impossible not to state, what all feel, that the 
success of the present meeting has been largely due to 
Prof, Merivale, who has been ably supported by Dr. 
Bed son, Dr. Dunn, and other members of the Local Com- 
mittee. That the attendance (2431) is something like a 
thousand below the last Newcastle meeting, and still less 
than the Manchester meeting two years ago, is not sur- 
prising. Not only are the Paris Exnibition and the many 
Conferences being held in connection therewith a powerful 
counter-attraction, but there were in 1863 special local 
reasons for raising the attendance to so high a figure. 

The following is the list of grants to be submitted to the 
meeting of the Genera! Committee to-morrow : — 


K.^MaihemaHfs tind Physic 


Differential Gravity Meter 10 

Electro -optics $0 

Calculating Mathematical Tables 25 

Selsmolom^l Phenomena of Japan 75 

Pallian ^nation Tables 15 

Electrical Standards 50 

Electrolysis 5 

’B.^Chetnistfy. 

Properties of Solutions 10 

Analysis of Iron and Steel 10 

Isomeric Naphthalene Derivatives 15 

Silent Discharge of Electricity 5 

Methods of Teaching Chemistry 10 

Absorption Spectra 30 

Recording the Results of Water Analysis >0 

Oxidaticra of Hydraoids in Sunlight 15 

C.— 

Erratic Blacks 10 

Volcanic Phalflinmeiui of Vesuvius 20 

Fossil PfavUopoda 20 

Oeoloi^eu Record too 

Uikdetgrotind Waters 5 

Escav&ont at Oldbury Hill 15 

Cretaceotts Polysaa 10 

Gtologloal FhOtographs 10 

Lias Beds of Noitliamptonshire 35 

V 
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Botanical dtatlon at Peradeniya 

tfow-sea Tow-net 

Nktues Zootogieg^ Station 

West India Iriands 

Marine Biofogical Association 

... £50 
10 

... too 
... 100 
... 30 

F. “ SciefK^ a^id SU^tutUit. 


Monetary Standard 

Precious Metals In use as Money ... 

10 

... 15 

G. — Mechanical Science. 


Waves and Currents in Estuaries 

Graphic Meihods in Mechanical Science 

... 150 

J5 

H. — Anihf opolo^. 


Korth-lfl^estcm Tribes of Canada 

Effbot of Occupations on Physical Development ... 

Aatluopological Notes and Queries 

Anthropometric Calculations 

NodlPMil Tribes of Asia Minor 

Nathfos of India 

... too 
ao 

... 50 

JO 

... 2$ 
10 

Corresponding Societies 

... 20 

Total 



SECTION C. 

CKOLOCy. 

Opening AnoaEiS by Prop, Jambs Geikie, LL.D., F.R.SS. 

E. & £.r F.G.S., President ok the Section. 

The President of this Sec^tion must often have some difh- 
cutty in selecting a subject for his address. It is no longer 
pOBuble to give an interesting and instructive summary of the 
woA done by the devotees of out* science daring even one year. 
So numerous have the students of geological science become — 
so fertile are the fields they cultivaie-^so abundant the harvests 
they reap— that one in my present position may well despair of 
being able to take stock of the numerous additions to our Know- 
ledge which have aqcumuliited within the last twelve months. 
Neltber is there any burning question which at this time your 
President ^ecd feel called upon Iq discuss. True, there are con- 
troversies that are likely to reraa&vUAsettled for years to come^ 
there are still not a few matters Upon which we must agree to 
differ— we do not yet see eye to eye in all ibbgs geologiail. 
But eaperience has shown that as years advance truth js 
;radual]y evolved, and oM controversies die out ; and andoubl- 
ess it wilt continue to be. The day when controversies shall 
cease* however, is yet, I hope, far in the future ; for should that 
dull and unhappy time ever arrive, it is quite certain that 
mineralogists, petrolog^sts, palmontolc^sts, and geologists shall 
have died ont of the v^orld. Following the example of many 
of my predecessors, T shall confine my remarks to certain quei* 
tk>ns in which 1 have been specially interested. And hi 
so 1 shall endeavour to steer clear, as far os I can, of cbntrO' 
versial matters. My porpm, then, is to give an outline ef idsno 
of the results obtainea during the last few years by Condnehtnl 
workers in the domain of gfkmal geology. 

Those who are hot gemogists will probably smile when fh^ 
hear one declare that widMeis of the hammer are extremely con- 
servative— that they are slow to accept novel views, and very 
tenacious of opinions whithhave once found favour in their eyes* 
Nevertheless, such is the case ; and well for us that It is so. Ilow^ 
ever captivating, however Impo^g, however stros^y suppoefod 
hy evidence a new view my appear to be, we 4o 
criticise, to silk the oiddence, ai^ to call for nuMO aw CiW" 
pmrimeats, if such are posslbie, until the proo& boexHwe aoetfN^ 
as to i^tqach as oedr a demohstra^on as geology am kedIjS# 
qktea expect such proofs to go, The history of otnr acteneei add ! 
4ndeed of most acieitices, Mihrds abundaat iUuHni 
I say. How many hmg years wete the irtewt of 


f. 


erosion^ as taught by Plutton and Plavfair, canvassed and con- 
troverted before they became accepted I And even affer their 
general soundness had been estaMished, how often have we 
heard nominal disciples of these fathers of physical geology 
relVise to go so far as to admit that the river-valleys of our islands 
have been excavated by eptgene agents ? If, as a rule, It takes 
some time for a novel view to gain acceptance, it is equally true 
that views which have long been held are 6n)y with dimculty 
discarded. Between the new and the old there is a eonsfant 
struggle for existence, and if the latter should happen to survive, 
it is only in a modified form. I have often thought that a history 
of the evolution of geological theories would make a very enter- 
taming and instructive work. We should learn from it. amongst 
Other things, that the advance of our science has not alwRya 
been continuous — now and again, indeed, it has almost seeing 
as if the movement had been retjiogradc. Knowledge has not 
come in like an overwhelming Hood — like a brood majestic river 
-ir^ut rather like a gently-flowing tide, now advancing, now re- 
tinng, hut ever, upon the whole, steadily gaining ground. The 
history X speak of would also teach us that many of the general 
views and hypotheses which have betn from time to time aban- 
doned as unworkable are hardly deserving of the reproach and 
ridicule which we in these latter days may be Inclmed to cast 
upon them. As the Scots proverb says, “ It U easy to be wUe 
behindhand.^’ It could be readily shown that not a few dis- 
carded notions and opinions have frequently worked for good, 
and have rather stimulated than checked inquiry. Such reflec- 
tions should be encouraging to every investigator, whether he 
be a defender of the old or an advocate of the new. Time tries 
all, and each worker may claim a share in the final establishment 
of the truth, 

Perhaps there is no department of geological inouiry that has. 

? ;iven rise to more controversy than that which I nave selected 
or the subject of this address. Hardly k single step in advance 
has been taken without vehement opposition. But the din of 
contending sides is not so loud now— the dust of the conflict has 
to some extent cleared away, and the positions which have been 
lost or maintained, the case may be, can be readily discerned. 
l*he gUt'alist who can look back over the last twenty- five *years 
of wordy conflict has every reason to ^ jubilant and hoj^fuL 
Many of those who formerly opposed him have come over to his 
side. U is uue I e has liot bad everything his own way. Some 
extreme views have been abandoned in the struggle — (hat of a 
great Polar Icc-sheet, for example, as conceived of by Agassis.. 
I am not aware, howeveri that many serious students of glacial 
geology ever adopted that view. Bat it was quite an excusable 
hypo nesis, and has been abundantly suggeative. Had Agassi/: 
lived to sec the detailed work erf tltcae later days, he woedd 
doubtless have modified his notion, and come to accept Ihe 
view of large continental glaciers whidi has taken itspb^;^ v^ 
The results obtained by geologists* who have been 
the peripheral areas of the drill-covert regions of oar ctj|§|jPtnt, 
are buch as to satisfy us that the drifts of those reg&one aaa not 
iceberg-droj^in^s, as we used to suppose, but wxt mfomiak: 
matter and fiuvio-gtaclal detritus. Geologists have not juasmed 
to this conclusion — they have . only accepted it after laborTona 
investigation of the evidence. Since I>r, Otto Torell, in 
first stated his belief (hat the ** diluvium*' of North Oermany 
wail of glacial origin, a great literature on the submet baa sprung 
up, a perusal of whfoh will show that with ooi^ Gertnair 
gtacial geology has passed through much the same succesalon of 
phasea as wUn us. At first icebergs are appealed to as expUdn- 
ing everything ; next we meet with sundry mgentous attempts at 
a compromise between ffdating iee and a en&titiuotis ico-eheet. 
As i^mt|ona muUiply, however, the element of floating foe is- 
gradually eliminated, and all the phenomena are eaplamed b^ 
means of fond-ice and alone. It u a remarkable- 

fade that the iceberg hypothesis has alwky«h^ nioat,Atrepn6UBty 
upheld by geofot^tt Whose labours haye been largely obn4nw> 
to the per^heiiu dreui of drift^eoveted countries, ih the uW 
fond ana mounteinotis tram** oh hand* thdt hypdthm 

has never been ibie to eofvlve a modecdte euibunt of deemtn 
dtfoervaribn^ Even in SwksevSend-^fhd fond of 
legfefo at <me tiime wevw oT opit^ that the hMde^dayii 
l^wgfnfoHifoiindA diffbrim whitfitodeok in ifoi' 

Mmfoitt vatteyv* it wsnehlimad^ atthnsdoifonlilm 

gjnfot o eenn fofoe fontrouiid^ ^ 

fidfo of aom# inforid «oe^ intntwhfoh 

eimMfos nn4 die?, tfot 
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van WaUefshftUMn ^ tet forth this view in an elaborate and welt* 
ilittatmted puper. Uafortuoatelf for lua hypotheaia, no trace of 
teHe supposed great lakes or inland sea has ever been detected ; 
on the contrary, the character of the morainic accumulations, 
and the symoMtiioal grouping and radiation of the erratics and 
perched bk>dcs ov«r the foot-hills and low ground^, show that 
these last have been invaded and oversowed by the glaciers 
themselves. Even the most strenuous upholders of the eificacy 
of icebergs as originators of some bouider'Clays admit that the 
boulder-clay or till, of what we may call the inner or central 
raion of a glaciat^ tract, is the product of Und-ica Under 
l^ls category comes the lmulder>clay of Norway, Sweden, and 
Finland, a^ of the Alpine lands of Central Europe, not to 
speak of the hilly parts of our own islands. 

When we come to study the drifts of the peripheral areas it is 
not difficult to see why these should be considered to have had a 
different origin. Th^ present certain features which, although 
not absent from the grUcial deposits of the inner region, are not 
pearly 40 characterisuc of such upland tracts. I refer especially 
tip the frequent interatratiheation of boulder clays with well- 
bt^ded defrasits of clay, sand, and gravel ; and to the fact that 
these boulder-clays are often less compress^ than those of the 
inner region, and have even occasionally a silt-like character. 
Such appearances do seem at hrst to be readily explained on the 
assumption that the deposits have been accumulated in water 
opposite the margin of a continental glacier or ice-sheet ; and 
this was the view which several able investigators in Germany 
were for some time inclined to adopt. 

But when the t^henomena came to be studied in greater detail, 
and over a wider area, this preliminary hypothesis did not 
prove satisfactory. It wai dUcovered, for example^ that 
**giants' kettles"* were more or less commonly distributed 
under the glacial deposits, and such ” kettles’* could only have 
originated at the bottom of a glacier. Again, it was found that 
pregladal accumulations were plentifully developed in certain 
places below the drift, and were often involved with the latterin 
a remarkable way. The ** brown-coal formation in like man- 
ner was violently disturbed an 1 displaced, to such a degree that 
frequently the bouMer*clay is found to underlie it. Similar 
phenomena were encountered in regions where the drift over- 
lies the Chalk— the latter presenting the appearance of having 
been smashed and shatterc<l— the fragments having often been 
dragged some distance, so as to form a kind of friction-breccia 
underlyiDg the drift, while large masses are often included in the 
clay itself. All the facu p dated to the conclusion that these 
disturbances were due to tangential thrusting or crushing, and 
were hot the result of vertical displacements, such as are pro- 
duced ky normal faulting, for the disturbances in question die 
oth iRj^hi above downwards. Evidence of similar thrusting or 
"is seen in the remarkable faults and contortions that so 
Kaeacterize the clays and sands that occur In the boulder- 
elf. The only agent that could produce the ap^rances 
noWhflefty referred to Is land-ice, and we roust therefore agree 
wfthXHnnan geologists that glacier- ice has oversowed all the 
sirifc-covcred regions of the peripheral area. No evidence of 
marine action in the formation of the stony clays is forthcoming 
—-not a trace of any sea-beach has been detected. And yet, if 
these clays had been laid down in the sea during the retmat of 
iW^tce^sheet frotn Germany, surely such evidence as I have 
ihdloeted ought to be met with. To the best of my knowledge 
Che^^y pamoular facts which have been appealed to, as probft 
of mmiie action, are the appearance of beaded d^iosUs m tbs 
boulde^clays^ and the oooaiaonal occurrence in the clays them- 
selves of a sea-shell. But other organic remains are also met 
with ifow nnd again in similar poutftma, mioh as mammalian 
hones «»d ft^^fwaUr ^11«. Alt these, ho^'ever, have bhen 
shosSti to be derivative in Uteir erigtn^iher are just as much 
.fifeiatliai^at the stones ahd boutgem wlthethich tney are astoeiated. 

Cfdy phenomeinsL thmefoce, that thogtadatist has to tceount 
fex the bediled Mpnilts which ooem so frequently in the 

the ooeaskmal sHty 

awd am o ewpyees ed Ldiammer of nb^them^ees. 

, beds am^ a^ not hafd tb wcFlfln, If 
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Bnd a clue to their origin. Speaking in general terms, the stony 
olays thicken out os they are followed from the mountainous and 
high-lying tracts to the low ground. Thus they are of incon- 
siderable thickness in Norway, the higher parts or Sweden, and 
in Finland, just as we And is the case m Scotland, Northern 
England, Wales, and the hilly parts of Ireland. Traced south 
from the uf^ands of Scandinavia and Finland, they mradually 
thicken out as the low grounds are approached* Thus in 
Southern Sweden they rea^ a thickness of 4.3 metres or there- 
about, and of So metres in the northern parts of Prussia, while over 
the wide low-lying regions to the south they attain a much greater 
thickness— reaching in Holstein, Mecklenburg, Pomerania, and 
West Prussia a depth of lao to 140 metres, and still greater 
depths in Hanover, Mark Brandenburg, and Saxony. In those 
re^ons, however, a considerable portion of the ‘Miluvium" 
consists, as we shall see presently, of water-formed beds. 

The geographical distribution of the aqueous deposits which 
are associated with the stony clays is somewhat similar. They 
ore very sparingly developed in districts where the boulder-clays 
are thin. Thus they are eKher wanting, or only occur spo- 
radically in thin irregular beds, in the high grounds of Northern 
Europe generally. Further south, however, they gradually 
acquire more importance until in the peripheral regions of tlie 
drift-covered tracts they come to equal and eventually to surpass 
the boulder-clays in prominence. These Utter, in fact, at last 
cease fo eppear, and the whole bulk of the ** diluvium along 
the sbutbern maigin of the drift area appears to con^t of 
aqueous aocumulatlons alone. 

The explanations of these facts advanced by German 
geologists are quite in accordance with the views which have 
long been held by Racialists elsewhere, and have been tersely 
summed up by Dr. Jentzsch {/ffM, t/. prmss, 

gfolctgiiihm La^cmnstalt fur 1884, p. 438). The northern 
regions, he says, were the feeding-grounds of thfa inland ice. 
In those regions melting was at a minimum, while the grinding 
action of the ice was most effective. Here, therefore, erosion 
reached its maximum — ground-mor.'iine or boulder-clay being 
unable to accumulate to any thickness. Further south melting 
greatly increased, while ground-moraine at the same time tended 
to accumulate — the conjoint action of glacier-ice and sub-glacial 
water resulting iu the complex drifts of the peripheral area. In 
the disposition and appearance of the aqueous deposits of the 
** diluvium " we have evidence of an extensive sub-glacial water- 
circulation —glacier-milts that gave rise to giants’ kettles”^ 
chains of sub-glacial lakes in which fine clays gathered— streams 
and rivers that flowed in tunnels under the ice, and whose 
courses were paved with sand and gravel. Nowhere do German 
geologists find any evidence of marine action. On the contrary, 
the dovetailing and interosculation of boulder-clay with atjueous 
deposits are explained by the relation of the ice to the surface 
over which it flowed. Throughout the peripheral area it did 
not rest so continuously upoWt the ground was the case in the 
inner region of maximum erosion. In many places it was 
tunnelled by rapid streams and rivers, and here and there it 
arched over sub-glacial lakes, so that accumulation of ground- 
moraine proceeds side by side with the formation of aqueous 
sediments. Much of that ground-moraine is of the usual tough 
and hard-prei>8ed character, but here and there it U somewhat 
less ocdierent and even silt-like. Now a study of the ground- 
moraines of modem glaciers affords us a reasonable explanati m 
of KOch differences. Dt. BrUckner ^ has shown that in many 
places the ground- moraine of Alpine glaciers is included in the 
WtOmof toe ice itself. The ground -moraine, be says, frequently 
appears at an ioe-sltatum abundantly impregnated with «lt and 
rock-fingvnenu-^lt is like a conglomerate or breccia which has 
foe for Its binding material. When this ground-roomine melts 
out of the ice-— no running watjcx being present-— it forms a 
layer of muhttified silt or clay, with stones scattered irregularly 
throngh it. Such betng the case in modern Raders, we Can 
hardly dmiibt that over the peripheral areas occupied by the old 
northern ioe^fahect boulder-clay must firequetrtly have been 
SKxnimtifoled fo foe same v^ay* Nay, when the gronnd-mOraine 
melted oni and dropped hm and there into quietiy-fiowing water 
k eveh aemure in part a bedded character. 

’ 1 ^ Umk^taatfoed by Ihe inland ice during Its greatest extea- 
flfon are becomh^ more and more clearly defined, although its 
obndi«rd mafffo >El probably never be to accurately detemindd 
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as that of the latest epoch of general glaciation. The reasons 
for this are obvious. When the inland ice flawed south to the 
Harz and the hills of Saxony, it formed no great terminal 
moraines. Doubtless mahy erratics and much rock- rubbish were 
showered upon th# surface of the ibe from the higher mountains 
of Scandinavia, but owing to the fanning-out of the ice on its 
southward marclr, such super dclal was necessarily spread 

over a constantly widening area. It mav Welt be doubted, 
therefore, whether it ever reached the terminal front of the ice- 
sheet in sufhcient bulk to form conspicuous moi nines. It seems 
most probable that the terminal moraines of the great inlarvd ice 
would consist of low banks of boulder- clay and aqueous 
materials— the latter, perhaps, strongly predominating, and con* 
taining here and there larger and smaller angular erratics which 
had travelled on the surface of the ice. However that may be, 
it is certain that the whole region in question has been con* 
.siderably modified by .subsequent denudation, and to a large 
extent is now concealed under deposits belom?ing to later stages 
of the Pleistocene period. The extreme limits reached by the 
ice are determined rather by the occasional presence of rock* 
St rise and roches mettUnuhs^ of boulder- clay and northern 
erratics, than by recognizable terminal moraines. The southern 
limits reached by the old inland ice appear in this way to have 
been tolerably well ascertained over a considerable t^rtion of 
Central Europe. Some years ago I published a small sketch- 
map (** prehistoric Europe,” 1881) showing the extent of surface 
formefly covered by ice. On this map I did not venture to 
draw the Kouthern margin of the ice-sheet in Belgium further 
south than Antwerp, where northern erratics were known to 
occur ; but the more recent researches of Belgian geoiogtsts show 
that the ice probably flowed south for some little distance 
beyond Brussels (see a paper by M. E. Delvaux, Ann. tU la 
So€, dt , t. xiii. p. 158). Here and there in other 
'parts of the Continent the southern limits reached by the 
northern drift have also been morelaccurately determined, but, 
so far as 1 know, none of these later observations Involves any 
serious modification of the sketch-map referred to. 

1 have now said enough, however, toahow that the notion of a 
general ic^sheet having covered so large a part of Europe, which 
a few years ago was iooked upon as a wild dream, has been amply 
juatifiod by (he labours of those who are so assiduously invest!* 
gating the peripheral areas of the ** great northern drif\«" And 
perhaps I may be allowed to express my own belief that the 
drifts of Middle and Southern England, which exhibit the same 
complexity as the "lower dilu^um ” of the Continent, will 
eventually be generally acknowledged to have bad a similar 
origin. I have often thought that whilst politically we are happy 
in having the sea all round us, geologically we should have gained 
perhaps by its greater -distance. At all events we should 
have Men less ready to invoke its assistance to explain every 
puzzling appearance presented by our glacial accumulations. 

I now pass on to review some of the general results obtained 
by Cobtincnfal geologists as to the extent of area occupied by 
inland ice during the last great extension of glacier*ice in Europe, 
It is well-known that this latest ice-fheet did not oversow nearly 
so wide a region as that underneath which the lowest boulder- 
day a as accumulated Thin is shown not only by the geo- 
graphical distribution of the youngest boulder-clay, but by the 
direction of rock-strisc, the trend of erratics, and the position of 
well-marked moraines. Gerard de Geer has given a sum- 
mary {Zeitfchrift d. d^utsch. geohg, Gis.^ Bd. xxxvii. p. 177) 
, of the general results obtained by bunself and his fellow-workers 
in SwMcn and Norway ; and these have been supnlemented by 
the labours of Berendt, Oeinitz, Hunchecorne, K^hack, Klock* 
mann, Scbrbder, Wahnschaffe, and others in Germany, end by 
Sederholm in Finland.^ From them we learn that the end- 
moraines of the ice circle round the southern coasts of Norwt^, 
from whence they sweep south-east by east across the provineepf 
GouHtnd in Sweden, passing through the lower ends of Lakes 
Wener and Welter, while srailar moraines mark out for us, the 
terminal front of the inland ice in Finland— at least two paridlel 
frontal moraines passing inland Haogo Head onUieCnlfnf 
Finland through the southern, part of that province to the north 
of Lake Ladoga. Further north-east than this they have nothben 
traced ; but, Iwi some observations by HelmCtsen, ^edet\tdllin 
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thinks it probable that the terminsd Ice-front extended north- 
east by the north of Lake Onega to (he eastern shores of the 
White Sea. Between Sweden and Finland lies the basin of the 
Baltic, which at the i>ertod in question was dlled with ice. form- 
ing a aruat Baltic glacier, which ovetdowed the Aland Islands, 
Gottland, and Oland, and which, fannlng-out as it passed to- 
wards the south-west, invaded, on the south side, the Baltic 
provinces of Germany, while, on the north, it crossed the 
southern part of Scanta in Sweden and the Danish islands to 
enter upon Jutland. 

The upper boulder-clay of those regions U now reoopiized as 
the ground-moraine of this latest ice-sheet. In many places it is 
separated from the older b')ulder-clay by interglacial deposits, 
.some of which are marine, while others are of fresh- water and 
terrestrial origin. During interatadal times the sea that over- 
flowed a considerable portion of North Germany was evidently 
continuous with the North Fea, as is shown not only by the 
gedjfp'aphical distribution of the interglacial marine deposits, but 
by their North Sea fauna. German geologistsgenerallygroupalt 
the interglacial deposits together, a<4 if they belonged to one and 
the same interglacial epoch. This perhaps we must look upon 
as only a provisional arrangement. Certain ibis that the fresh- 
water and terrestrial beds which frequently occur on the same or 
a lower level, and at no great distance from the marine deposits, 
cannot in all cases be contemporaneous with the latter. Pos- 
sibly, however, such discot dances may be accounted for by 
oaculations in the level of the interglacial sea — land and water 
having alternately prevailed over the same area. Two boulder* 
days, as w e have seen, have been recognized over a wide region 
in North Germany. In some places, however, three or more 
such boulder- days have been observed overlying one another 
throughout considerable areas, and these clays are described as 
being distinctly separate and distinguishable the one from the 
other.' 'Whether they with their intercalated aqueous deposits 
indicate great oscillations of one and the same ice-sheet^now 
advancing, now retreating — or whether the stony clays may not 
be the ground- moraines of $0 many different ice-sheets, separated 
the one from the other by true interglacial conditions, future 
investigations must be left to decide. 

The general conclusions arrived at by those who are at pre- 
sent investigating the glacial accumulations of Northern Europe 
may be suromariW as follows 

1. Before the invasion of Northern Germany by the inland ice 
I he low grounds borderli/g on the Baltic were overflowed by a 
sea which contained a boreal and arctic fauna. These mariue 
conditions are indicated by rhe presence under the lower boulder- 
clay of more or less well- bedded fossiliferous deposits. On the 
same hurison occur also beds of ‘and, containing fresh- water 
shells, and now and again mammalian remains, some of which 
imply cold and others temperate climatic conditions. Obvio^rty 
all these deposits may pertain to one and the same perio4^ dr 
more properly to different stages of the same penod-^-Sb^ 
dating back to a time when the climate was still tempetaite, 
while others dearly indicate the prevalence of cold condUions, 
and are therefore probably somewhat younger. 

2. The next geological horizon in aacending order is that 
which is matkM by the "lower diluvium’^— tbe glacial and 
fluvio-gladal detritus of the great ice-aheet which flowed south 
to the foot of the Harz Mountains. The boulder clay on this 
Horizon now and a|k{n contains Tuarioe, fresh- water, and ter- 
restrial otganic remamt, derived tindoubtedly from the so-dalled 
prealacialMds already referred ta These latter, it would ap- 
pear, were ploughed up and largely incorporated with the old 
ground-motmioe. 

3. The interglacial beds which next succeed contain remaiuB 

of a well-marked temperate fauna and flora, which pt^t to 
something more than a mere partial or local retreat of tne khmd 
ice» The geographical dutributioQ of the beds and the presence 
in these of such forms as mHquuu Cir^ds aifeaW, ;C 

and a flora oompatuble to that now eamiig in* 
Northern Germany, Jiiatifygemcfists in condodiiig that the infer-^ 
macial epoch was one of Tong dtiration, and diaracterbad In 
Germany by dimatic condfttoe apparently not tesi tentpemte 
than ihose that now obtain; Oue of ^ phases of thkt Inter- 
glpda!e|KH^, ativehaveseen^ win the oaoi^whxg of the Bidtk 
pzo^ces by the wafers of the North Bea. 

4; To this weI^mal^ inteiglacUl epodi 

epodi of ar^c condiikhs, whin the Scandinavian inl^4 ^ 
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oace more invited Gerronny, plouithing throagh the iatergUcial 
<lepo8itS( and working these up in iu ground-moraine, , So far as 
1 c^Q leara, the prevalent Mie/ among geolc^sts in North 
Qetnaany is that there was only one interglacial epoch ; but, aa 
already stated, doubt has been expressed whether all the facts 
Can be thus accounted for. There must always be great difficulty 
in the correlation of widely-separated interglacial deposits, and 
the time does not seem to me to have yet come when we can 
definitely assert that all those interglacial ^ds belong to one 
and the same geological horizon. 

1 have dwelt upwj the recent work of geologists in the peri- 
pheral areas of the drift-covered regions of Northern Kurope, 
because I think the results obtained are of great interest to 
glacialists in this country. And for the same reason I wish next 
to call attention to what has been done of late years in elucidat- 
ing the glacial geology of the Alpine lands 01 Central Europe 
—and snore particularly of the low grounds that stretch out 
from the foot of the mountains. Any observations that tend to 
throw light upon the history of the complex drifts of our own 
peripheral areas cannot but be of service. It is quite impossible 
to do justice in this brief sketch to the labours of the many 
enthusiastic geologists who, within recent yean, have increasea 
our knowledge of the glaciation of the Alpine lands. At pre- 
sent, however, I am not so much concerned with the proots of 
general glaciation os with the evidence that goes to snow how 
the Alpine ground -moraines have been formed, and with the 
facts which have led certain observers to conclude that the Alps 
have endured several diittioct glaciations within Pleistocene 
times. Swiss geologists are agreed that the ground- moraines 
which clothe the bottoms of the great Alpine valleys, and extend 
outwards sometimes for many miles upon the low grounds beyond, 
are of true glacial origin. Now the>‘e ground- moraines are 
closely similar to the boulder-clays of this country and Northern 
Europe. Like them, they are frequently tough and hard-p'^essed, 
but now and again somewhat looser and less firmly coherent. 
Frequently also they contain lenticular beds, and more or less 
thick sheets of aqueous deposits— in some places the stony clays 
even exhibiting a kind of stratification— and ever and anon such 
water-aijsorted materials are commingled with stony clay in the 
most complex manner. These latter appearances are, however, 
upon the whole best developed upon the low grounds that sweep 
out from the base of the Alps. The only question concerning 
the ground-moraines that has recently given rise to much dis- 
cussion is the origin of the materials themselves. It is obvious 
that there are only three possible modes in which those materials 
could have been introduced to the ground-moraine : either they 
consist of superficial luorainic dSrii which has found its way 
down to the bottom of the old glaciers by crevasses ; or they may 
be made up of the rock-rubbisb, shingle, gravel, &c., which 
doubtless strewed the valleys before these were Occupied i 
or, lastly, they may have been derived in chief measure from 
the underlying rocks themselves by the action of the ice that 
overfiowed them. The investigations of Penck, Blaas, Bf»hm, 
and Briickner appear to me to have demonstrated that the 
ground-moraines are composed mostly of materials which have 
been detached from the underlying rocks by the erosive action 
of the glaciers themselves. Their observations show that the 
regions studied by them in great detail were almost completely 
buried under ice, so that the accumulation of superficial moraines 
was for the most part imponsible ; and they advance a num^ 
ber 01 facts which prove positively that the groand-mnraties 
were formed and accumulated uuder ice. I cannot here re- 
capituUte the evidence, but must content myself by a reference 
to the papers in which this is fully discussed.^ These geologists 
do hot den^ that some of the material may oecasionally nave 
CDibe ftom above, nor do they doubt that pre-existing masses of 
rodt-nthbish and atluvial acMmulattoiu may have been incor- 
porated WHh the ground^monUnes ; but the enormous extent of 
the latter, wd the direction of transport and distribution of the 
errados wh(di they ootuain cannot be thus accounted for, while 
aU the facts are readily explained by the Sodop of the ice itself, 
Vhion Hied Its eub^ghmial Mtis as itodls wtth whidi to carry on 
the vrnrk'of erosioh. 

fpoi Helm atid others have frequency asserted that gladem 
bae« Httle or no eroding power, sinee at tibc lower ends of exist- 
ing fleders we find no evtdenee of Sueh eroSton being in opera 
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tion. But the chief work of a glacier cannot be carried on at its 
lower end, where motion U reduced to a minimum, and where 
the icc is perfbrated by sub-glacial tunnels' and arches, under- 
neath whi^ no glacial erosion can possibly take [dace ; and yet 
it U upon observations made in ju*^t such places that the prin- 
cipal arguments against the erosive action of glaciers have been 
based, If all that we couUl ever know of glacial action were 
confined to what we can learn from peering into the grottoes at 
the terminal fronts of existing glaciers, we should indeed come 
to the conclusion that glaciers do not erode their rocky beds to 
any appreciable extent. But as we do not look for the strongest 
evidence of fiuviatile erosion at the mouth of a river, but in its 
valley- and mountain-tracks, so if we wish to learn what glacier- 
ice can accomplish, we must study in detail some wide region 
from which the ice has completely disappeared. When this 
plan hiS been followed, it has happened that some of the 
strongest opponents of glacial erosion have been compelled by 
the force of the evidence to go over to the other camp. Dr. 
Blaas, for example, has been led by his observations on the 
glacial formations of the Inn Valley to recant hU former views, 
and to become a formidable advocate of the very theory which 
he formerly opposed. To his work and the memoirs by Penck, 
Briickner, and Bohm already cited, and especially to the admir- 
able chapter on glacier-erosion by the last-named author, 1 
would reier those who may be anxious to know the last word on 
this much-debated question. 

The evidence of interglacial conditions within the Alpine 
lands continues to increase. These are represented by alluvial 
deposits of silt, sand, gravel, conglomerate, breccia, and lignites. 
Penck, ^hm, and Briickner find evidence of two interglacial 
epochs, and maintain that there have been three distinct and 
separate epochs of glaciation in the Alps. No mere tempora^ 
retreat and re-advance of the glaciers, according to them, will 
account for the phenomena prescntel by the intciglacial deposits 
and associated morainic accumulations. Daring interglacial 
times the glaciers disappeared from the lower valleys of the 
Alps— the climate was temperate, and probably the snow- fields 
and glaciers approximate in extent to tnose of the present day. 
All the evidence conspires to show that an interglacial epoch 
was of prolonnd duration. Dr, Briickner has observed that 
the moraines of the last glacial epoch rest here and there upon 
loss, and he confirms Penck’s observations in South Bavaria that 
this remarkable formation never overlies the morainic accumula- 
tions of the latest glacial epoch. According to Penck and 
Bruckner, therefore, the low is of interglacial age. There can 
be little doubt, however, that loss does not belong to any one 
particular horizon. Wahnschaffe ^ and others have shown that 
throughout wide areas in North Germany it is the equivalent 
in age of the " upper diluvium,” while Schumacher 
TopH?graphie von Sirassburg i, £,, 18S5) points out that in the 
Rhine Valley it occurs on two separate and distinct horizons. 
Prof. Andreae has likewise shown {AbhctndL e. g^. SpecialkarU 
V. £/sass Lo(bringtHt Bd. vii. Heft 2) that there U an upper and 
lower Voss in Alsace, each characterized by its own special 
fauna. 

There is still considerable difference of opinion a’* to the mode 
of formation of this remarkable accumulation. By many it is 
considered to be an aqueous deposit ; others, following 
Richthofen, are of opinion that It is a wind-blown accumula- 
tion ; while some incline to the belief that it is partly the one 
and partly the other. Nor do the upholders of these various 
hypotheses agree amongst themselves as to the precise manner 
in which water or wind has worked to produce the observed 
results. Thus, amongst the supporters of the aqueous origin of 
the Idss, we find thw attHbuted to the action of heavy rmns 
washing over and rearmaging the material of the boulder-clays 
(Laspeytes, », gfo/. SpmaU'arti v, /Vn/rsrM, 

&a, GfifbMtg, ZbrSigt und ££i^rsb^rg). Many, again, have 
held it probable that the rOss is simply the finest loam di&tribut^ 
over the loiy grounds by the flood-waters that escap^ from the 
northern foland Ice and the mers da glace cd the Alpine lands of 
Central Europe. Another suggestion is that much of the 
materiat of the liisi may have been derived from the denudation 
of the bcmlder-olaya by flood- water, during the closing stages of 
the last qoM period. It is pointed out that in some n^ns at 
least the is underlain by a layer of erratics. wHch are 
believed to . be the residue of the denuded bonlder-clay. 

* AMdndl. X geol Spedaliarte v, /‘frww/i, &c., Rd. vU. H«fi i; 
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ibat the inlasd ice must have acted as a great dam, and that 
wide areas in Germany, d:c. , would be flooded, partly by water 
derived from the melting inland ice, and partly by walem flowing 
north from the hilly tracts of Middle Germany. In the great 
basins thus formed there would be a comminglmg of fine siU- 
material derived from north and south, which would necessarily 
come to form a deposit having much the same character 
throughout. 

Fiom what 1 have myself seen of the loss in various parts of 
Germany, and from all that I have gathered from reading 
and in conversation with those who have worked over Uiss- 
Gorvered regioUji, 1 incline to the opmion that idss is for (he most 
part of aqueous Origin. In many cases this can be dcmonsti ated, 
as by the occurmnce of bedding and the intercalation of la)ers of 
stones, sand,, gtwvel, &c., in the deposit; again, by the not xn* 
frequent appemance of fresh-water shells \ but, perhaps, chiefly 
by the remsricabte uniformity of character which the loss itself 
displays. It seems to me reasonable abo to believe that the 
flo^-waters of glacial titnies must needs have been highly charged 
with huely-divided sediment, ami that such rediment would be 
spread over wide regions in the low grounds^m the slack-waters 
(H (he great rivers, and in the innumerable temporary lakes which 
occupied, or partly occupied, many of the valiep and depressions 
of the land. There are diflerent kinds of loss or liirs like 
deposits, however, and all need not have been formed in the 
same way. Probably some may have been derived, as Wahti> 
fchaflff has suggested, from the denudation of boulder-clay. 
Fos&lbly, also, some loss may owe its origin to the action of ram 
pp(m the ttony clays, producing what Wre in this country would 
call rM^wtsh/' There are other accumulations, however, 
which no aqueous theoty will saiifrfactorily eit plain. Under this 
category comes much of the sO’Called with its abundant 

land sh^la, and its generally unStratified character. It seem^ 
likely that fiKth loss is simply the result of f^ub-aeriat action, add 
origin to rain, frost, and wind acting upon the superficial 
formations, and rearrangixtg their finer* yarned constUuentr. And 
it is quite possible ibat the upper portion of much of the loss of 
the lower pounds may have been re-worked in the same way. 
But I confms 1 canned yet find in the facts adduced by German 
geologists any evidence of a dry^os-dust epoch having obtained 
in Europe during ajiy stage of the Pleistocene period « The geo- 
graphic^ position of our coOtinem seems to be to forbid the 
possibility of such dhuatic conditions, while all the positive 
evidence we have points r^her to humidi^ than dryness as the 
prevalent feature of FJestdceiiie dimates. It is obvious, how ever, 
that after Ihe.flood.waters had disappeared from the low grounds 
of the Continent, sub-aerial action would come into play over the 
wide regions coveted by glacial and fluvio-filmcial deposits, Thus, 
in the course of time, these deposits would become modified,-^ 
just as similar accumulations in these islands have been top- 
dressed, as it were, and to some exteOt even rearranged. I am 
strengthened in these views by the conclusions arrived at by 
M. Fahtan, the eminent French gladslist. Covering the plateaux 
of the Domhs, and widely spread ibrougfaout the valleys of the 
Kbone, the Am* the Isere, &c., in France, there is a depodt of 
loss, he says, which has been derived from (he washfu^ the 
andewt mOF«me& At the foot of the Alps, where black schists 
are hugely devdopad, the loss is dark grey f but west of the 
stfoodary chain the same deposit is yeflowish, and composed 
almost enthtly of Mllceouiii laaterkds, ihth only a very liUle cair 
bonato of Ume^ Thib /matt or )oss^ however, is very generally 
modified towards the top by the chtmical aoilon of imih, |;he 
yellow Idss acquiring a red coldvr. Sometiixws it is evOUrded 
with calcareous cohet etkms t at other times it ha< bten deprived 
of its osdearepuaefement and converted lAto a kind of pui^uient 
silica os quarte. This, the trUe Idss, m dimit^iShed frpm.aitottor 
^ hkh Frisaii itcognUes as tlk product Of atmospherie aolioft 
— fbisoedy In fact, in plaoe. fsom rise dishitegraticn and deoom^ 
poairion of the sabjacent meW Even thkJiAm has been modffied 
ny nmnittff water^dispetsed or acenmulated tncatiy^ ns the ease 
may be IFelsan,. ** La P^rtode glncibiie/* p. Si). 

All that waknow of the lots add its fussils oompris us to ta** 
dude this aocuniulation as a pradluct nf the Plrisiod^ne perimL 
ft it not of postglacial age^tvett of what One may call (he 

*^remodifiea loss " bring of Late Glacial or Piristocehe afTk t 
qatmot aUenqpt to give here a summary of what hfibeen 1^0^ 
WUmxi recent yegra a* to the ihana of the Itos. The Velfririito 


of NOhring and Liebe have familiarised us with the fadt that at 
tome panTcular stage in the FlefsioceUe period a fauna tike thdt, 
of the alpine steppeOands of Western Asia was Indigenous to 
Middle Europe, and the recent investigatioDs of WoldHch have 
increased our khowdedge of this fauna. At what horUon, then,, 
does this steppe-fauna make its appearance? At lltlege, Dr. 
Kehring discovered in so-^calted loss three successive horitous, 
each characterised by a special fauna. The lowest of these fminaa 
was decidedly arctic in type ; above that came a sieppe-fauaa^ 
which last was succeeded by a fauna comprising such forms os 
mammoth, woolly rhinoceros, Bos, Cerv$ts, horSe, hy»na, and 
lion. Now, if we compare this last fauna with the forms whieh 
have been obtained from true postglacial deposits -- those deposits, 
namely, which overlie the younger boulder- clays and flood-accu- 
mulations of the latest gloctal epoch — we find Uttle In common, 
Tht 4 ion, the mammoth, and the rhinoceros are conspicuous by 
ibeir absence from the postglacial beds of Euro{>e. Id place of 
them we meet with a more or less arctic fauna, and a high-^lpine 
ahd arctic flora, which, as we all know, eventually gave place to 
the flora and fauna with which Neolithic man was contem- 
poraneous. As this is the case throughout North-Western and 
Central Europe, we seem justified in assigning the Thiede beds 
to the Pleistocene period, and to that interglacial stage which 
preceded and gradually merged into the last glacial epoch. That 
the steppe-fauna indicates relatively drier Conditions of climate 
than obtained when perennial snow^ and ice covered wide areas 
of the low ground goes wiihout , saying ; but I am unable to agree 
with those who maintain that it implies a dry- as dust cliraate, 
like that of some of the steppe-regions of our own day. The 
remaricable commingling of arctic and steppe- faunas discovered 
by WoldHch in the Bohmerwald {Sittfstt^sb, d. kais. Akad^ 4 , 
fV. mcuh. not, CL, 1880, p, 7; 1881, p. 1775 1883, p, 978) 
shows, 1 think, that the jerboas, marmots, and hamster- 
rats were not incapable of living in the j-arae regions contem- 
poraneously with lemmings, arctic hares, Siberian social voles, 
&c. But when a cold epoch was passing away the steppe- forms 
piobaMy gradually replaced their arctic congeners, as these 
migrated northwards during the continuous amelioration of the 
climate. 

If the student of the Pleistocene faunas has certain adv^tages 
in the fact that he has to deal with forms many of which are 
still living, he labours at the same time under disadvantage 
which aie unknown to his colleagues who are engaged in the 
study of the life of far older periods. The Pleistocene period 
was dutinguished above all things by its great osoiltatioOS of 
dimate^^the successive changes bring repeated, and producing 
correlative migrations of floras and faunaa. Wc know that 
arctic and temperate faunas and floras flourished during inter- 

g lacial times, and a like succession of life-fornis followed the 
ital disappe^ance of glgciat conditions. A study of the organic 
remains mri with jin any particular deposit will not necessarily;, 
therefore, enable u« to assign these to their proper horUon. The 
geographical portion of the deposit, and iu relation to PJriito^ 
cene accumuldiions risevritere must dearly be taken into account. 
Already, however, much has been done In thU direction, and it 
is probable that ere long we shall be able to arrive at a fair 
knowlerige of the various modifications which the Plristpeepe 
floras and faunas expftri^ced during that protracied period of 
climatic changes of whfcm I have been speaking. We iltaU even 
powlbiy team bow often the arctic, swppe-, prairie-, and forest- 
faonas, as they have been defined by Wow M, replaced e^ 
other. Even now some approximation to better Ktiowlecu^ 
has been made. Dr. Pohllg,' for example, has compare me 
remains of the Pleistocene faunas o^itaioed at soatiy dlffrirerit 
places to Emope, and hks presented 'm with a daisifi^riob 
which, ahhougn confessedly incbmplriri ^ wrveC to shpW the 
dkeotlon in which we must took for mrth^r advaiseca tolbls 
department of ^ 

Uttring last iwetoy yam (he evldehoe of totridaridt con^ 
dittonstmih In Europd apS" AfliMrii h|e iq, tomekredchri^Cd^ 
logUU geoerrilj^ no tot#r dembt that the l^etitocene 
rimrecterisfid ht of cllihate. ^ boeartohca ht 

many difiBerent loSshtiito um Conrinent of Of J 

remits of Flalstocene 1 . 

lotoriialaftal hfiMmkte smd dwtoi hqe 
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left ttn aberneiive, "Hw interalaciel beds of the Aljiloe 
of Cer^trit] Europe we peralfeled by similar dopbiits in 
^FHalOf Seendmevta, Germany, end Fmpce. But opliiione 
as to the number of glacial and inlergiacial epochs, many 
bplmxtt that We have evidence of only two cold vla£e^ add one 
gijumnu iatergUoial $um»* This, as 1 have said, is the view en- 
teitained by mo^t ge^^gUts who are at work on the ; ' 


apcmnlations of Scandinavia arid North Grermany. 


I fflacfal 
On the 


handi Dr. Fenck and others, from a study d( the drifts of 
the uerman Alpine lands, believe (hat they have met with evi^ 
dance of three distinct epoc^ of glaciation, and two epochs of 
initemjaclal conditions. !n France, while some observers are of 
opinion that there have been only two epochal of general glacial 
tiooi othera, as, for example, M. Tardy, hnd what they consider 
to be evidence of several such epochs. Others, agam, as M. 
Falsan, do not believe in the existence of any interglacial Stages, 
aUhongh they readily admit that there were great adi^ces wid 
vejtreats of the ioe during the Glacial period. M. Falsan, in 
short, believfw in oscillations, but is of opinion that these wcte 
not so extensive as others have maintained. It is, therefore, 
simply a question of degree, and whether we speak of oscillations 
or of epotms, we must needs admit the fact tWt throughout all 
the glaciated tracts of Europe, fossiHferoui deposits occur inter' 
cajated among glacial acciimut ations. Ilie successive advance 
and retreat of the ice, therefore, was not a local phenornenon, 
but characterised all the glaciated areas. AxkI tlie evidence 
shows that the oscillations referred to were on a gigantic scale'. 

The relation borne to the glacial accumulations l)y the’ old 
river alluvia which cotUain relics of palaeolithic man early 
attmctcd attention. From the fact that these ^luvia in some 
places overlie glacial deposits, the general opinion (stilt held 
by some) was that palaeolithic man must need ^ be of postglacial 
age. But since we have Icaimed that all boulder-clay does 
not belong to one and the same geological horizon — that, 
in short, there have been at least two, and probably more, 
epochs of glaciation — it is obvious that the mere occurrence of 
glacial deposits underneath palaeolithic gravels does not prove 
mese latter to be postglacial. All that we are entitled in such 
a case to say is simply that the impletnenl-bearing beds arc 
younger tl^n ihc glacial accumulatums upon which they rest. 
Their horizon roust be determined by hiTit ascertaining the 
relative position in the glacial series of the underlying deposits. 
Now, it is a remarkable fact that the boulder- clays which under- 
lie such old alluvia belong, without exception, to the earlier 
stages of the Glacial period 'rhls has been proved aguin and 
again, not only for this country but for Europe generally. I am 
aorry to reflect that aon?e twenty yeu'-s have now elapsed since 1 
WM Jed to suspect that the palaBaiithlc gravels and cave-deposits 
were not of po*«tg 1 acial but of glacial and interglacial sige. In 
^ published a series of papers in the GeoSigkcU 
in which were set forth the views I had come to form upon this 
mterestii^ question. Jn these papers it was maintained that 
the alluvial and cave-deposits could not be of i>ostglacia1 age, 
but must be assigned to preglacial apd interglacial times, and in ' 
^hiief measure to the latter. Evidence was Ted to show that the | 
l^eat great development of glacier- fee in Europe took place after 
toe southern pachyderms and palseoUthic mao bad vacated 

a nd ; that during this last stage of the Glacial period man ' 
contemporaneously with a northern and alpine ftiuna in 
wch tffgioas as Southern France ; and lastly, that nalseotithk 
map aod the southern Mammalia never revisited North-Western 
^Opc after extreme glacial condirioos had disappeared. These 
were arrived at ofter a somewhat detailed exaipina- 
|fon of all the evident then available, the remarkabltt d(strftm- 
M of ^he'paleeoftthic and oa^^iTer^ having, as 1 have 

aald, partici^afly impreitaud me- I coloured a ihap to sWtv at j 

S ee the areas oove^d by the glacial ftitvlo glaokJ deposits 
fhe last ^^lal epoch, and the regions In which the implement- 
bearilK and osrilerous aftuvia had been mat with, when it 




irai'.fwm. l,^W^ H ■winKi.0t, u iafrt- eft' deiMtit*. 

)|),M .«!« : date of oof of th« 

M. Pl^iMcnie 8r$uly 
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Prof. Penck was, J think, the 6rst on the Continent to 
adopt the views reterred to. He was among the earliest to 
recognize t^e evidence of interglacial conditions m the drift - 
covered r^^ons of Northern Germany, and it wa^ tl^ irfkctions 
Whlph thoik Interglacial beds were so w^H calculated 

to Suggest that kd hitn into the satpe path as mysedf. Dr. 
PencThas nuWiahfd a man ( 4 ^A lip fiir Anihrop^agte^ Bd. xv., 
Hdft 3, TTO4) ahowing the areas coveml by the earlier and 
later df^OsUs tp^orthem Europe and the Alpine lands, 

and mol^tjng at the same tinte the various locafuies whine 
palseoiicKic ftnds have occurred. And in not a single case do 
any of the latter appear within the areas covereil by the accumu- 
lations of the last facial epoch. 

A gUpce at the papers wnich have been pubilyhed in Germany 
within (he last few years will show how greatly students of the 
Pleistocene ossiferous beds have been influenced by what is now 
known of the interglacial deposits and their organic remains 
Proft. Rothpletz {Denkjckrift d, schw^h^r, G^s. Jur d. ^sammt, 
AW., Bd. xxvlii., ihgt) and Andrea; «. pohg. 

^ciaiihrkv. Ehass-Lathnn^en, Bd. iv,, Heft a, 1884), Dr. 
rohlig (f»/, a/.) and others, uo not now hesitate to correlate 
with those beds the old ossiferous and implement bearing 
alluvia which lie altogether outside of glaciated regions. 

The relation of the Pleistocene alluvia of France to fhe 
glacial deposit? of that and other countries has been especially 
canvassed- Rothpletz, in the paper cited above, includes these 
alluvia amongst the interglacial deposits ; and in the present 
year we have an interesting essay on the same subject by the 
accomplished secretary of the Anthropological and Arebteo- 
logical Congress, which met last m^nth in Paris. M. Boule 
correlates (Revue d^Juthrofohgie^ 1889, t, i.)the palseolithic 
cave- and river-deposits of T ranee with those of other countries, 
and shows that they must be of interglacial * age. His 
classification, I am gratified to And, does not materially 
differ from that given by myself a number of years ago. Hp is 
satisfied that in France there is evidence of three glacial epochs 
and two well-marked interjglacial horizons. The oldest of the 
palceoUthlc stages of Mortlllct (CHELL^ENNa) culminated, 
according to Boule, during the last interglacial epoch, whiU* the 
more recent palfeoliihic stages (MoirsTiRtENNR, Soi.uTRftttNNE, 
and MAQDAi.ftNIENNE) coincided with the last great develop- 
ment of glacier-ice. The paJmolilhic age, so far as Europe is 
concerned, came to a dose during this l.ist cold phase of the 
Glacial period. 

There are many other points rclaling to glacial geology which 
have of late years been canvassed by Continental workers, but 
these I cannot discuss here. I have purposely, indeed, restricted 
my remarks to such parts of a wide subject as I thought might 
have interest for glacialists in this country, some of whom may 
not have had their attention directed to the remits which have, 
recently been attained by their fellow -labourers in other lands, 
Had time permitted I should gladly have dwelt upon tjie note- 
worthy advances made by our American brethren in the same 
department of inquiry. Especially should I have wished to 
direct attention to the reroairkable evidence adduced in favour of 
the periodicity of glacial action. Thus Messrs, Chamberlin and 
Salisbury, after a general review of that evidence, maintain that 
the Ice Age was interrupted by one chief interglacial epoch, and 
^ three interglacial sub-epochs or episodes of deglacUtion. 

same authors discuss at some length the origin of the Idss, 
and come tp the general conclusion that while deposits of this 
character may have been formed at different stages of the 
Glacial period, and under different conditions, yet that upon the 
whole they are best explained by aqueous action. Indeed a 
perusal or the recent geologJcal literature of America shows a 
close accord the theoretical opinions of many Trans- 

atlantic and European geologists. 

Thus ak years advance the picture of Pleistocene times becomes 
more and more clearly develowd. The conditions under which our 
old palwoftthlc “’^td—the climatic and geogra^lcal 

conges of wjiich they were the witnesses— are gradually being 
leveled wll^h u precfsipn that only a few years ago might ^ll 
have seetned Ifnpossible. This of itself is exl^emriy interesting, 
hut I fW sulk that t speak the conviction of mafty workers in 
this fi^lld o/laboh^ When I say that the clearing up of the history 
nf Pl^^tpcehC iipet^ Is rtoi the only end Whichihey have in view, 
pne can hardly dohht that when the conditions of fhat period 
knd th« 

dofinhely a^scertalned we shall have advanced soine Way towards 
the hotter noderstanding of the climatic conditions of stiB ekrHer 
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periods For it cannot be denied that onr knowled^ of 
Pidoeoeoic, Mesozoic, and even early Cainocoic climates is un- 
satisfactory. BuLwe may look forward to the time when mnch 
of this uncertainty will disappear. Meteorolo^tsts are every dipr 
acquinng a clearer conception of the distribution of atmospheric 
pressure and temperature, and the causes by which that dUtriouiion 
is determined, and the day is coming when we shall be better 
able than we are now to apply this extended meteorological 
knowledge to the explanation of the climates of former penods 
in the world's history. One of the chief factors in’ the present 
distribution of atmospheric temperature and pressure is doubtless 
the relative position of the ^reat land and water areas ; and if 
this be true of the present, it must be true also of the past. It 
would almost seem, then, as if all one had to do to ascertain t1 e 
climatic condition of any particular period was to prepare a 
map, depicting with some approach to accuracy the former 
relative posidon of land and sea. With such a map could our 
meteorologists infer what the climatic condltiona must have been ? 
Yes, provided we could assure them that in other respects the 
physical conditions did not differ from the present. Now, there 
is no period in the past history of our globe the geo^aphica! 
conditions of which are better known than the Plmstocene. 
And yet when we have indicated these upon a map we find that 
they do not give the results which we might have expected. 
The climatic conditions which they seem to imply are not such 
os we know did actually obtain. It is obvious, therefore, that 
some additional and perhaps exceptional factor was at work 
to produce the recognized results* What was this disturbing 
element, and have we any evidence of its interference with the 
operation of the normal agents of climatic change in earlier 
periods of the world's history? We all know that various 
^answers have been given to such questions. Whether amongst 
these the correct solution of the enigma is to be found time will 
show. Meanwhile, as all bypothesb and theory must starve 
without facts to fe^ on, it behoves us as working geologists to 
do oar best to add to the supply. The success with which 
other problems have been attacked by geologists forbidx us to 
doubt that ere long we shall have done much to dUpel some of 
the mystery which sllU envelops the question of geological 
climates. 


SECTION E. 

OKOGHAPHY. 

Openikg ADDafi!>$ BY Colonel Sir Francis de Winton, 
K.C.M,G., F.R.O.S*,, President oe the Sectjo.n. 

Geografhv has not inaptly been defined os the science of 
tiuitnbattonsi’' and from whatever aspect we view it, whether 
from a large and comprehensive basis embracing all the condi- 
lions which surround it as a science, or from the narrower limits 
of simple pby^ogiaphy, we hnd certain well-defined principlei, 
or one msy term them nalurad laws, pervading everywhere, 
whose actions have, through their influences on the past, created 
the present, and accordiog to the uses we now put them must 
largely govern the future. 

The formation of our globe, unfolded to our vision by scien- 
tific discovery, brings us face to fate with Nature in all her awful 
grandeur ; and we learu how, under a beneficent and all-wise 
Providence, this world has been fashioned and made for the tfse 
of man during periods of time ^most beyond man's calculations ; 
and in the history of man upon earth— a mere drop in thisoc»an 
of lime — we read of the rise and fall of nations, of great wars, of 
the discoveries of new routes (so ably described by my friend and 
talented predeOessor in the address delivered by him in Section 
K last year), and we see what lakge and important develop 
menis have laken place as regards the commerce and trade of 
the world by the enect of these influences ; and then, turning 
to more recent days, we inter upon the discovery of steam, 
and its applicatiori as a motive power, —a discovery which has 
given rise to extraordinary changes— changes by which the whole 
trade of the world and Us industries have been stivnulated and 
promoted. Add to this the inventions in electricity, by which 
almost insianuneoua communication has been established to 
parts of the globe, and we may wCIl cease to wonder at the 
mcreabe that naa been mohifeattd in what may be termed thd 
motive power of the world, and the development of its lai^ 
ootlyitk^ 

^111 the natural laws which govern'thls globe, Ih their relation' 


to the science of geognmhy, remain the same. It matters not 
how rapidly you travel from the pole to the equator* you 
freeze at the one and perspire at the other ; and while passing 
tluough the different tones of temperature lying between Cbeto 
regions— the frigid, temperate, and torrid zones— you will find 
each with its own pr^ucts, varying with cUmate, soil, and 
peculiarity of position, and these vamtiens pervade the whole 
realm of Nature. Take man as an example x with all his power 
of brain and reason, he is largely subject to his environment. 
Look at the toiling miUions of the temperate zone, and the 
enormous activity they display, both mental and physical. Note 
their colour, form, nervoUs development ; and then pass into the 
tropics, and the whole creature U changed : he is diflerent in 
colour, and displays none of the energy or brain power of the 
white species of hu kind. Why 1 $ this? It is chiefly due to the 
enxironment in which the creature is living. 

The effect of climate upon race is somewhat remarkably 
illustrated in recent times by noticing the physique and 
nerve-power of the present race of Americans. The wonder- 
ful tide of emigration which ba« raised them to beine a 
nation of 60,000,000 people may have exercised certain iimu- 
ences as regards this change ; but there are many true Americans 
still in existence. Two hundred years aeo they were the same 
race as ourselves, but the difference between us now is marked. 
The climate of America has given them an individual stamp, and 
a perceptible difference in outward semblance has shown itself 
even in this short space of time. 

Similar changes are manilesteil throughout the whole animal 
and vegetable Kingdom ; and while the geologist, zoologist, 
botanist, ethnologist, and entomologist, each and all are 
separate branches of science, yet each and all have a common 
ground in geography and its application to the shape and form 
of land and sea ; to the wrinkled folds of the earth's surface 
which we call mountains and valleys ; to the mighty ocean with 
its currents of sir and water, and the influences they exert ; to 
the huge inland seas and lakes ; to the great rivers and small 
streams \ to the endless varieties in the animal and vegetable 
kingdoms ; and we And these great elements of Nature contri- 
buting each in its own sphere to questions relating to the com- 
merce of the world and the development of new countries. 

In this brief introduction to my paper I have designedly, 
though very briefly, drawn your attention to the scienoe of 
applM geography before passing in review the most recent 
ex^orations and discoveries of the present day; and while 
doing this, 1 shall endeavour to draw attention to the great 
necessity for a more thorough study of this science, ana the 
influences it exerts upon trade and commerce, as we gain a 
better knowledge of the products of one country and in- 
dustries of another, os well as the importance of such knowledge 
to the great manufacturing centres of this nation as new couptrito 
are discovered snd developed. 

It must be remembered that we no longer enjoy a monopoly 
of trade. Other nations are exhibiting large commerdal ac- 
tivities ; and if we desire a continuance of the trade of Great 
Britain we must pm our shoulders to the wheel with the same 
energies and creative power that have produced such astonishing 
results thiing the present century. 

In the paper to which I have attoady alluded, H was dearly 
shown how largely the rise and fall of the great ethporiums of 
commerce in post centuries were influenced by the struggle for 
the Eastern trade. This stru^le is still going on. The Russians 
in Central Asia are steadily ^vandng as year goes by, and 
developing that system of absorption which has diaractertzed 
their policy, csne^ly in that region. Central Asia is the 
chosen fleld of tneir explorers, and toe recent decease of General 
Frjevalsky has been a great loss in 1be sdentlflc world* A fbH 
account of his remarkable discoveries and explorations appeal^ 
in the Prooeedhig* hf ihe Royhl Geographical Society. » 

The prittcjpal work acoomplished hy the latest Rukslan 
explorers, Messrs. Grotoheheveki, Mr. Lfdsky. and Hr. Gihm* 
Gri/mai]o, hi Central have been in the regm of ton 
and Itom ihencb across the Hindu Kush intoHaiuia; Also iik 
Kaatm Bdkhara and bi toe upper wat^ of the Ydrkssid 
toe Kafik; Fto>* and ICanjat. In toe prosecutlckn ' thtoe 
researanes, which me aU dangarouid^ tmt mUr 
Her, veiy toll rbpona era toadt# more ra^todly ca totfiUda 
trade end commetee i ahd there ia no doum, ^ipee the 
totoideripd of toe toiler to gtoat 

iiupetos ^ Ruasihii in 

even adendlit^ by sritto-kpown routes^ as'liir ti toe ddfitoe 
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Wtst umviikcei of Chtoty where Ruisien goods are now found 
esvtenng into competition with those of EtiglMh manofacture. 

means of thU railway, right into the heart of Asia, Russia 
has nhtnined ^le trade of a vast area, which formerly passed en- 
tireW through British hands. Both politically and commercially 
^ u our rival in the East, and the question which nation is to 
he supreme must come sooner or later. 

Him is no more interesting country in the world than China. 
Her teeming and industrial population, her large mercantile 
centres, the geographical situation of her territory, her uode> 
vjloped mineral wealth, her individuality, and the magnitude of 
her trade with this country, all combine to invest her with a 
peculiar importance as r^rds our mercantile community. 
Coal has been discovered in all the seventeen provinces of the 
Chinese Empire, but the passive resistance offered by her rulers 
and her pcoptn fo all attempts by foreign nations to obtain a 
footing in tli interior have prevented any development of her 
resources. The day, however, cannot be far distant when rail* 
ways, some of which are already projected, will open up the 
interior of China and make her better known ; but we snould 
be unworthy chihlren of our forefathers if we permit the trade 
of this rich and widely- peopled country to pass from our hands, 
either from a want of energy, or from a departure from tbc«e 
principles of trade and commerce whose foundations are built 
upon the rocks of integri^ and honest dealing. Nothing marks 
the individuality of the Chinese more than that, wherever yon 
meet him, whatever his surroundings may be, he is John China- 
man still ; he never adopts the dress, manners, or customs of 
other nations, but be remains constant to the pigtail, the quaint 
dress, and the umbrella ; and if established in communities, 
ymi will find him with his joss-house, food, theatre, and bis 
Tefreshineat-place< juet aa if he were in China. 

Our knowledge m the latest acquisition in the East, Burmah, 
has been largely increased during the 'past eighteen months. 
Important surveys in North-Eastern Burmah by Colonel Wood- 
thorpe, R.E., and Mr. Ogle have opened up an area of about 
1500 square miles ; and the fact of praciicaole routes between 
Assam and Burmah wd the Palka Pass is now eatablisbed. 
Burmah, with its large and Intelligent population (numbering 
about 4,000,000), with its valuable minerals and precious stones, 
whh its tropical products, is well worthy of the attention of the 
merdiant adventurer ; and as our knowl^ge of the physiography 
■of the country is rapidly increasing, a study of its applied 
gcogtaphy is strongly recommended to the student. 

In our own terntoiy of British India large and important 
survey have been carried on under the able direction of Colonel 
Thuiflier, These surveys are conducted in what is called the 
prcrtected region ; but very interesting additions, especially to 
the merchant, are made in the outlying territories bordering 
upon our Indian Empire, where no wnitc man could go,* by the 
employinent of intelligent natives especially trained for the 
purpo^ The information obtained by these men may be very 
profitably studied. 

These Central Asian problems are full of deep significatiOQ to 
those desirous of developing and retaining the supremacy of the 
tnute of this Empire in those regions ; and 1 am happy to ftate 
that papers full of Interest on these subjects will be presents to 
yon anting this meeting. 

Tumihg to the nonbem parts of Asia, 1 feel some diffidence 
in speaking before a Newcastle audience on the suWect of 
Biberia, for through yonr own townsmeo, and Captain W^lns, 
you are well a^ualnted with these regions. The exertions made 
by Captain Wlgglni and those connected with him in this 
enlemrise should^receive the highest commendation ; and that 
ikiff naVe been so far successfril is a matter for rqoidog. At 
the aawDs thae, 1 cannot but think that Husiio, continuing the 
^k^ake ha* *0 steadily pursued for some years past, a^nst 
the ocunmercial development of Great BdtA|n^ wouM not object 
to ^ enspi^wnt of British paphal in openiiy up trade in her 
oplNw dotntnlonsj for that trade, odee Ishly established od 
g90d Mnam lines, would be abeorbed pn cl her own 
mddb&othitm, 1 do not attach >ay blame to Russia k this 
but I pm opkion that more prdfits am to be gained 
Itude fellows the fla^, for th#p Brhhfh emerprise 
^ tfsoney mp mm tl^ 

W oiw serrUorfos foap tn m aiipfoce 

^ X sure wwd oomMnd tike mtosn to vihich 


From the consideration of Siberia and the Northern Seas it is 
not a far step to Greenland, whose icy regions and eternal snows 
have been crossed for the first time in our history. The hero of 
this exploit, Dr. FrUbjof Nansen, is a native of Norway, and 
the exploration which he has so recently conducted to a suc- 
cessful issue was rightly alluded to by the Pre»>ident of the 
Royal Geographical Soctetv, in his annual address, as the most 
conspicuous a^ievement of the year. 

Though young in yean, Dr. Nansen proved himself to be a 
leader of men, and the account of his adventures will be found to be 
full of interest. The results of his expedition deal rather with the 
world of science than with commerce, as his discovery proved 
Greenland to be nothing more or less than a continent whose 
interior is a huge region of ice and snow. It, however, presents 
a most interesting study to those desirous of advancing our 
knowledge of glaciers and the glacial period. Dr. Nansen's 
description of this immense mass of frozen snow, forcing its way 
coastwards from the higher plateaus of the interior, by sheer 
weight and pressure, grinding, crushing, resistless in its slow but 
ever- moving power, gives one a faint idea of how the hilts and 
valleys of Hie world were formed when, in remote periods of 
time, th^-y too were under glacial influences, 

CroKsin^ from Greenland to North America, we still find 
ourselves in regions where ice and snow hold undisputed sway 
fora considerate portion of the year. The Canadian Govern- 
ment, with commendable activity, keep pushing forward their 
surveys into what is known as the old Hudson Bay Territory. 
The Mackenzie River has been found to be a far larger body of 
water than formerly supposed. More accurate surveys as regards 
the size of some of the great lakes of those regions are being 
made, and our knowledge of the climate and the isotherms 
variations of British North America is each year incgiasing. 

Petroleum has been discovered, and, as the geological surveys 
advance, other discoveries of an important nature may reason- 
ably be anticipated. I have been told of the existence of a huge 
bed of porous sandstone, saturated with mineral oil, which bums 
like coal. 

Moving southwards, we pass through the prairie- lands of the 
North- of Canada, traversed by the Canadian Pacific 
Railway, These rich lands are being rapidly developed, and 
should form a happy home for some of our surplus population. 
Colonization is a subject full of geographical considerations, but 
it demands a special paper, and 1 have neither space nor time to 
introduce it into this address. At the western edge of these 
prairie-lands are the Rocky Mountains, in whose foot-hills are 
now being reared large herds of cattle and horses, as well as 
flocks of sheep. Some cattle from these fertile regions were 
shipped last year to the English market, and no doubt a regular 
trade will soon follow this ^periment. 

Crossing the Rockies in a westward direction, you come to 
the Selkirk Range, then to the Gold Mountains, and lastly to 
the Cascades, whose wooded rocky sides plunge into the Pacific. 
Constant explorations are being carried on through these 
mountain ranges, chiefly in researches after g<ild and other 
precious metals, and our knowle<lge of their physiography is 
rapidly increasing. The Rev. Mr. Spots wood Green, in an 
interesting paper concerning these regions, tells us something of 
the configuration of the Selkirk Range, which offers alike to the 
mineralogist^ sportsman, and Alpine explorer a field of great 
interest. 

Continuing southward, we pass through the fertile plains and 
valleys of Cmifornia, whose large industries in grape and orange 
culture are being fostered and developed. Ana from California 
you enter into Mexico, whose wonderful mineral resources are 
reoeiviiw a new impetus by the construction of railways, 4700 
miles 01 which are now open to traffic. These railways will not 
only facilitate the tiansp^t of the wealth of Mexico from the 
coast to the sea, but they tend also to promote law and order 
among its restless and lawless population. As law and good 
government are established, so will trade and com met ce andT the 
natural riches of the country be promoted and encouraged. 

Crossing over to South Ameriim, we find considerable progress 
In commerdat activity, chiefly due to the increased means of 
oommunkation. 

In the amaUer Republics upwards cf 1500 miles of railway 
hatre been recently Conttructed; while in the larger States, 
Bruil hm fiooo miles i Peru, 5000 miles ; Chili, ifijo ; and the 
Argentine Republic, 470o^making a grand total in South 
America of 17,000 miles of railways. This allusion to railways 
may not be coneidered os bearing on the science of genfraphy ; 
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ItUt egUlvriiya «re ytry irnportitiit fiKtortt as r«0udi« th# oommarce 
Md trade of the world,, and by the fadliuee^ they ailbrd tboy 
laracly increase the p^er 6f ex^oraiton. 

The «ottthetd^*portton of Souih America has been described 
lny l|k>se who have visttcd and explored its s&Taimabs and 
|)ffai:ne^knds as possessing one of the richest grazingdand^ of 
the world,, and ksdovoWmeot w ordyaqoeidon of time. In 
its present condition it oners a very interesting iMd of research 
to the explorer. 

Time aoes not permit us to dwell long on the islands of the 
Bacidc. Hecent events concerning Samoa are fresh in yonr ; 
memories \ and while some of these islands have developed com* 
mercially, it is when they lie in the ^reat ocean tracks of the 
world that their real imi^ortance is mantfested. Take for example j 
thh island of St. Vincent, of the Cape Verde Orcmp. It is nothing 
but a barren rock, without any produce whatever ; all its water : 
haa to be brought from a neighboaring idaiul yet h pays a large | 
revenue to the Portuguese government simply from coal dtt^ | 
for it has a good harbour and lies directly in the line between 
Great Britain and the principal ports of South America ; it has { 
iherefute become a most impr»rtant coaling’Staticm. 

From the isles of the Pacific it U but a step to Australia, with 
its six great colonies of Queensland, Victoria, New South Wales, 
'South Australia, Western Australia, and Tasmania, to which 
^rpay be added New Zealand> Viigio fields untrodden by the 
Yoos of the white man are still awaiting the explorer to yi Id up' 
their treasures to the science of appli<^d geography ; and when 
the marvellous progress that has been made in a few short years 
by our Australian colonies is weighed and oonstdered, and as 
i(H vast interior is opened by exploration, and its mineral re- 
sources are developed, who could venture to predict the future 
^that lies be/ore it ? 

There are now nearly 11,000 miles of railway in operation, i 
fgnd many more miles are in course of construction throughout 
these various colonies-* a sure and certain indication of tbelr 
-energy, wealth, material pro-^perity, and progress. Geogrcmhio- 
ally speaking, some are not without their troubles. Take 
^Queensland for insiance* Her territory runs north and south 
for nearly 1500 miles, and lies both in the temperate and trojHC 
aonea The Governments who during past years have adminis- 
tered her affairs have experienced some difliculties whilst en- 
deavouring to reconcile the confiicitng interests which arise out 
of her geographical position. 

Laws relating to labour and capital in a temperate cone are 
riiot always in conformity with the imbstries and ceqaicements of 
A tropic^ temperature, in which the white man is obliged 
to employ labour suitable to the climate. Hence we find ru 
^numerous secrion of theenhabitaots of the northern part of this 
colony agitating in favour of sepafation. Australia has law 
coal ineastnres, and abounds in precious metals as yet hanfiy 
developed. 

Attached to Aststialia are the great and lesser islands forming 
the Austmlasion archipelago, llie most important of these £ 
New Guinea, and quite recently a sucoessful exploration of tits 
^highest mountain range has been accomplished hy the present 
administrator, htr. ^aegregor, who reached an elevarion of 
mbout t4vOC)0 feet. A very interesting paper was read before 
the Royal Geographical Society by Mr. Paul Thomson poncerp- 
ting the D'Entrecasteaux and Louukde Groupo, adjacent ip New 
Guinea ; and though many of these islands and their inbiddtasMis 
are quite new to us, still the knowledge we gain from n study of 
their geographical position may ire. turned to pmotipal uses hgr:the 
meremutt adventurer. 

Last but not least in this record of geqgiaphioal progress lOf 
the world is the vast continent of Africa* 

As General Strachey, late President of the Royal Oeegmidtlad 
-Society, in his sddveis of this year, remarks I-* 

The reflection can hardly be avoided that, j^eat aa has Wh 
the advance of exploration In Africa during the U^K ftwenity or 
^thirty years, the iniemt of getmraphem with in tim 
future^ ^ be more and more oentw in tha^ continent. ExdlndhK 
the polar regions, there Ss nq odMWerable potBon of the 

-iurfiice, unkmh k 

•not been delineated*'* ^ , 

These words are, X thinks absolutely true* Wh^thWi we 
oonsider Africa m regard to the eutramdtneMr 
tamd developments since the, eommencement <» |t|he s^ovk -o^ 
irl^lavld Livioitstoim I or ihe dmt that vsug luoAt im 
tropical portion remahi untouched as yet by explomti^Sai^ 
mre ihcteibre unknown; or a contemplation of tbe.esM^: i 


lug millions of Us inhahitacU^ of which the larger portion hnim 
never seen a while map } orfirem tWnncbmpbd^ work of the late 
General Oordion, and ifie re-establishment of (he power of a pWil - 
izsd Government over, (he whole of the Kile bisin ; or from the 
slavery qujestion, in which our nation has taken ihe nsontadtiye and 
leadiDg part ; or from the spectarJe of a white man* Endn Bma, 
estaMtsbing a sealed form of government in the heari of the 
continent, between the two great slave-dealing commuhiries of 
the Bahr-ebGbazal and that of the tipper Congo and Lake 
Tanganyika ; or from the expedition sent to convey to him the 
succour he so much needs, under the leadership of Mr H. M. 
Stanley ; or from the intense interiest recently > exhibited by the 
nations of Europe in portioning out Africa between each other-* 
an interest that has led on the west coast to the eatablishtnent of 
the Congo Free State, and the Get on an protectorate in the 
Csjn^roons, Fmnce and Portimal adding Uigely to the pos- 
sdssions they already holdf and England contenting Kersdf -with 
strengtheni^ her ^ip upon the Niger, and on the east coast by 
the formation of the BrUish atul German spheres of infiuence ; or 
to the colonies which Great Britain possesses in the southern 
extremity of this great continent ; or to the slru;^le which 
sooner or later must be fought out between Christiauity and 
Mohammedanism as regard.H tnc native race.s of Central Africa, 
in which the River Congo will play an important pan : T say when 
we consider all these and the many other p< oblems of this 
continent, the vast interests they represent, and the varied 
influences they may yet exert on tiie future history of this earth, 
as well as the extraordinary part which Great Britain has been 
permitted to play in lifting the veil of mystery and doubt which 
up to our own times enveloped these regions, we are forced to 
acknowledge that the country in whkh the civilirzed world takes 
the most active and absorbing interest is Africa, and that ihe 
Dark Continent still i^Dtaina its supiemacy. 

As regards Africa very remarkable journeys have reeenlly 
been brought to a sucetteful conctusion^-tHat of Count Teleki, 
an Austrian, on the north, and that of Mr. A mot in the regions 
south of the equator. 

iTie former, entering Africa at Mombasn, at the head of a 
numerous and well equipped caravans passed throtqfh the Mami 
country by what is known as 1 hompson's route, and, pushing 
northwards, discovered Lake Rudolph, a latge inland salt lake, 
oad by fbllowi^ its shores he was enabled to trace with commend- 
able accuracy its shape, size, and position. I he existence of a 
large lake, called Samburu, in the direction of Count Telehl’s 
journey, bad for some time been spoken of by the Aribs who 
traded in that region, but nothing definite was known conoenting 
it. Count Telttki also obtained much valuable information of 
the rt;gion between Mount Kenia and X*ake Rudolph, its InhsbL 
tanU, its rivers, and its products; and tire detaiU of his moot 
interesting and successful journey have yet to be published. 

Mr. Arnot, on the other hand, started in iSSs fwnn Pieter- 
maritzburg with a very slender equipment ai^ hardly any 
following. HU object was to prove the existence of hehUby 
plateaus in the interior of Africa, where white men could live 
and prosecute the work of missionary dvilizotion without being 
exposed to the malarial iiifinences wl^ exist in so numy 
of Central Africa* 

Taking a northerly course, he reaches the ^mheu, whose 
watcie he follows os foras Leolhi. From thU point hi* route 
trends to the west a* far as Roteigp, the capital of che 
country. From Koboogo he continues hi* march to Balkmdn, 
and from thence he reaches Bengueia, on the west eoast. 'Hkas 
he, crossed Africa jn the same direction as Livingstone'* first 
Journey, though sompwhat jta (he south of Liring^ont^S 
While at Bfl^undu he. meets some mesteqgers from 
chief of tbe Garot^poft^ Imaeschbim to visit their 

iking ; and having repknixhed lut.stpre»i he retraces his stiOft to 
thelnterior. , ^ 

Feom Taiwan xlBf to Fehraacy •i$B6 he pemev^ 
attempt lo rea^ ^ ee|dferi of M^rs 
ate at lengtli mwiM with tuenes*, a* 

»the*e peot u fW ^feaiok dnm which rime he 4iomgl% 
succeeded in pbtrinkiijr coofideimeMmd that of^th# ^er 
Mridl he ietanm4 th^urt^lo the laumi 
amt ^ M <*teMMSed tmo mMmwrw at 
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Atnot h9ft puUish^ a book of hU trAveU, giving a very 

d^ti^tAi|Bt*«tmjgacbomit of tbue people, their mannen, «ai4 
their cukoiiht. DT all Livinntone's foll owers, Mr. Araot very 
cU^ly reitembled the great leader in the patient earae«tnes«, 
the quiet eneiw, and the ocanty resources with which he prose- 
cuted bis remarkable journeys. 

He has quite recently returned to the west coast of Africa with 
the intention of rooming hii friends at Qarangcnze. 

The events which attended the expedition under Mr. H. M. 
Stantb^ to succour and relieve Emin Pasha are so well known to 
you all that I shall only attempt a brief recapitulation here. 

We have learned from his own pen h iw, after much suffering 
atkd i^rM hardships he eventually overcame alt the difficulties and 
obstacles which bad to be encountered while conducting his 
caravan from the head waters of the Congo to the lake Albert 
Nyanza ; that on re, aching that lake he met Emin Pasha. 

The value of Mr, Stanley’s journey and the remarkable energy 
and courage he displayed, his high scientific attainments, and the 
information that will result from his labours, are, from a geo- 
graphical point of view, of the highest interest. The desiccation 
of the lake Albert Kyanza, and its iniluences on the rise and fall 
of the Nile, arc not the least remarkable of these problems. For 
my own part, I am of opinion that this rise ana fall is mainly 
caused by the rapid growth of tropical water-plants. During 
the dry season this vegetation increases enormously, and at the 
first rains large masses of aquatic growth are loo-tened by the 
rising of the waters. These masses, in the form of floating 
islands, pass downwards on the bosom of the flowing waters, and 
on reaching a wide and shallow part of the river, such os we find 
at the Babr-el Ghazal, they gradually but quickly collect till they 
form a dam of sufficient density to obstruct the progi'e«s of the 
river ; and the water thus arrested finds a temporary lodgment 
in the lake Albert Nyanza, causing it to overflow its normal 
boundaries. At length the vegetable 4 ||th can no longer with- 
stand the weight and pressure of the W|$r bearing upon It ; a 
portion gives way ; a chtmtiei is opened ; and the river, hurrying 
on to the sea, overflows the bunks of the Lower Nile and drains 
the lake to a lower level. This is what happens to the Alr>ert 
Nyansi, vrhich is nothing more than a huge l)ack water of the 
Upper Nile basin, and it accounts for the Um being seen at two 
different levels by those two distinguished expl >rerj Mr. H. M. 
Stanley and Sfr Samuel Baker, andhence the difference of opinion 
as to Its true extent and size that has arisen between them. We 
know that this phenomenon takes place on iAiki Tanganyika, as 
Stanley found a marked difference in its level on the two occasions 
he rested upon its shores. He also followed the Lukuga River 
from the Tanganyika Lake to its junction with the Congo ; and 
there is no doubt that ^ vegetable dam, such as 1 have described, 
forms at the point of d^arture of this river from the lake, and pre- 
vents its regular flow till the weight and pressure l>ehiod it sweeps 
all away. During the second year that I was on the Congo We had 
an unumially heavy flbod at the time of the first rains. Thc.river 
rtwe several feet in one night, and some months afterwards news 
came fiom the Upper Congo that the waters of the big lake had 
broken through, and this no doubt had reference to the Lukuga 
Rbrer and Lake Tanganyika. 

KoW) A* rs^ards the countries through whidi we have be^n 
passing, there are certain points of great interest conneqted with 
tlte( soienee of appKed geography, lo which I desire to draw your 
special at tetitipn. 

The 'fiTsf of these polnta is the study of the great railway 
syigems of the worfd, and the application of railways to the de- 
vek^ssent of new countries. Take our Indian possessions for 
eaample. What a change has been wrought^ hot only as regards 
the eqkhiAeite Of the ooutBry, but also with reforehce to the social 
cottdfnon of its ihhaldtants and their manners and cu^ms ! 
The introdgerihti of IndiSn wheat, by means of these railways, 
the markets of li;urope has Cku&i a leyohdlbn in the trade 
in dmt cpmmocflty. W« find thb espec^lly. in ^^tberica, where 
it W uM^the ^ealat^e gl^hlk combinations pv 

to ob^ h mbhop^y in the Snpply bf this 
bfhmd. thee eonitfaetioh of mBwavs in 

thh thatketa of 

twrlwljgh'' 

fbmifhlogand Jhpnn fb America^ 
the f^t Attaariownd 
in teft Wrevr ia^^ aHlimu||!h fhU- 


.a combiiiation of sea and land transport is often adopted in pre^ 
ference to the logger route by sea alone. 

The development of any country, no matter what its goo- 
graphical position may be, is enormously increased by the- 
construction of inH ways. Take the Congo Free State as an 
instance (which is undoubtedly the finest property in Centml 
Africa). So long as the Upper Congo region, with its miles—- 
measored by thousands— of navigable tributaries, was separated 
from the Lower Congo the lapuls extending from Stanley 
Pool to Matadi, this m^nincent territory was practically shot to 
trade and ooromeroe. Every piece of goods in the interior had 
to be carried on men’s heads for more than aoo miles, and aik 
ivory and other products were brought to the coast in the 
same way* Roughly speaking, such transport costs absut jCao^- 
per ton. 

The Congo Free State has wisely determined to build a rail- 
way, of some 250 miles in length, to crons this cataract region ; 
and the moment it is completed the future of that country is 
assured. 

H.M. the King of the Belgians has kindly given permission 
for a Belgian officer of distinction. Captain Thys, to read a paper* 
at this meeting on thin railway, which will afford a more detailed 
aeooont of this wise and patriotic undertaking. 

1 lave mentioned railways as the first point of interest because 
they are creatiom of our own time, and have therefore a special * 
interest of their own ; hut the most important factor in the early 
history of the science of applied geography, and to which the 
establishment of our great colonial empire is mainly due, is the 
record of the merdvant adventurers. 

Their voyages and exploit?, extending to evep' pari of the - 
globe, began at the end of the fonrteenih century, in the reign of 
H^ry vfll., when the Cabots (Venetians) sall^ from England 
to Newfoundland, and afterwards to Florida. This ^expedition 
ami those which followed it were fitted out at the expense of 
corporations of merchants, with the object of extentling the 
commerce of the country by a search after trade in new and 
foreign lands. They were placed under the c iminand of some 
well-known leader, and the results obtained were extraordinary. 

In 1530 the merchant adventurers of England attempted the 
North-West Passage, as it is called, to Chino, and between 155 ®' 
and 1578# Sir M, Willoughby, Frobisher, and Sir H. Gibbon all 
made remarkable voyages. 

Between 1585 and 1615, Davis, Hudson, and Baffin were sent 
by merchant companies to the polar seas, and their discoveries 
are handed down by the strails and bays which they discovered, 
and which hear their names. 

In 1580 Drake took the first English vessels into the Paerfie 
Oi^n. Drake was not only a bold and successful navigator, but 
he was also a commander of men, in which he showed rare tact 
and abiliiy. , , , , 

In 1588 the merchants of Exeter established a trade with the 
West African coast, and the Senegal Company was formed. 

In rS53 the first eff ;rt to reach India was made the Cape of 
Good flopc. It was not, however, till the year 1660 that any 
progress was made in the East, In that year the East India Com- 
pany was formed, and it is to theestablishment of this Ompany 
that we owe our great Indian Empire. The year i66g saw the 
formation of the Hndwm Bay Company— a Company which exists 
at the present day. And so the record goes on down lo owr 
own times. Not the least amongst the trading corporations of 
Great Britain were the merchant adventurers of this city in which 
we Wre now assembled ; and they, too, contributed in no small 
degree^ not on^ in the pa^ bat in the present, to the extension 
of our geographical knowledge and its application as a science. 
No doubt the spirit and energy of our Scandinavian forefatb^ 
has been fostered and encoaraged until it has now found ils 
development in the enterariae and prosperity of this great mer- 
cantile centre of the north of England. And the old chundtet off 
Janow Bttd Monkwoarmotfth bear further tegtimomy lo the fhet 
that* as comoreme drew together communities which became 
centres of maritime energy and progress, religion was not fijr- 
gotteo, and the seed oC knowledge and truth thus sown ki tte 
early history of the past has spread itself throughout the 
:iength and breadth of the great colonial empire of Greutor 
{Britain# 

EeUnwthg on the discoveries of the sixteekrih and seveitte^th 
csuturieis Sd the marvcMottS results to which they have 
birth, the s^etry of om own thnes, from a geogmpWcal point of 
view, it qtdlte i* wtmderfid. As i wmarked at the beginning ofi 
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tbi« patp^f iht diacovery of fleam as a motive power has brought 
the worn into an extraotdiuary candition of cautaetiveuess, and 
quite reoently several n«^ oompanies have been formed in the 
aame spirit and on the game Hues as those fbllowed liy the old 
merchant advenl^reri. Thdae later creations ere being started 
nnder more favoarable ooudiltons than thetr predecessors for 
^hey have all the advantage which modern science and modem 
^appliances Can afford* The EngUnh Government have wisely 
encouraged and promoted the formation of these trading 
torporauons. In countries where climate and circumstances m 
environment are not favourable to colonisation by white men, 
our colonial system of government progresses somewhat slowly. 

It has not the elasticity, nor the adaptability, to provide for the 
many contingencies which must naturally arise when a few white 
men maintain the position of rulers over large areas, peopled by 
savage and uncivilised races. 

In the Island of Borneo there is the North Bf>meo Company 
trading, governing, and civilising a large portion of territory 
with marhed success. 

On the west coast of Africa, the Royal Niger Company is 
developinjg the great natural resooices ol that magni5cent river, 
and its tributary the Binue. 

On the east coast there U the Imperial British East African 
Company, operating in what is known as the British sphere of 
influence north of Zanzibar, Though not a twelvemonth has ' 
poised since they commenced their work, their initiatory pro- 
ceedings have been remarkably successful, and there is every 
prospect of an early and rapid development of the territory 
committed to their charge. In thi south -caflem portion of 
Central Africa, the African Lakes Company have fairly estab- 
lished themselves ; and a new company is now being formed to 
open up and civilize a further portion of that section of the 
African continent. 

The establishment of these great trading and governing centres 
is likely to exercise most impo:tant influences. They are, as I 
have before pointed out, from their organization and objects, 
better adapted at the outset to compete with and overcome the 
obstacles which present themselves to established forms of 
hureaucntiic government, ; at the same time the Government of 
this countr]^ can interfere in esses of necessity, by the grants that 
have been 'made to them of Royal Charters, under which they 
carry on their operations. 

A wise control and judicious administration combined with 
the introduction of commerce and civilization will, at no distant 
date, open these territories to the markets of the world, to the 
misdonaiy, and to the scientific explorer. The commercial 
element of geography also enters venr largely into their 
promotion and prosperity because of the nelds they open to our 
home manufaciures. It is important here to ob^rve that^ if 
these territories had passed into the hands of other nationalities, 
but a verydimited quantity of British goods would ever have 
entered into them, and their value, as a market for the iodastries 
of the nation; would have been lost. 

The establishment of a Geographical Society in this city is of 
real importance. Its objects should be the collection of infor- 
mation, and the study of applied geography in all its varied 
branches and aspects. It should aim to furnish complete infbr- 
mation concerning the geography of all parts of the globe. In 
Chambers of Commerce our la^e trade centres have, no 4oabt, 
means of guiding and conttoUmg some of our most impottant 
mercantile operations, but they afTord no opportunlli^ to the 
student, they are not teaching bodies ; and there are instances 
where considerable risks have been incurred and heavy losAes 
sustained in some of their ventures, simply from a want of 
knowledge of geographical data. 

I shouH like to see a Geographical Society in every Jaige dty 
of this Empire, conducted on tne Hoes I have briefly wggtstedi 
because the study of, and interest in, the commerrial geogn^hy 
of this great Empire and the world is too much nt^eeted 
amongst us. Past prosperity, and a tendency to run in the same 
groove, narrow our oommav^ horison. Slowly, but mirdyi 
other nations, competiog with ua In many pans of the woHd, 
are doing so succenfhliy bcyuuiae of the study they make of 
oommerelat g^sogiapbyv 

It is fiw this reason X have in my address dwelt strongly upon 
the question and study of geagmfhy as an applied aci^^, and 
it is lor a greater reason I urge iu impoitanoe, vis4 that 
may hand down to our ohfldtSh nidnqmived the heritor he- 
quaked ns by our foiefalheit $ a heritage gained hy oogidge, 


enemy, perseverance, and patriotum--Kmalit!es which, nnde^ 
Ood^s bleisiag, have tUade Uus nation the^ead of the oommetpe 
of the world. 


SECTION P. 


ECONOHTC scisncn AND STATISTICS, 

OrsNiNo ADoagss bv Prof. F. y. Edoeworth, M.A., 
F,S.S., President or the Section, 

Points at which mathematical reasoning is applicable to 
political economy— 

A. — Perfect competition — 

1. Simplest type of market. 

3. Complex system of markets ; simplified by certain 
abstractions. 

3. The more concrete problem of an exchange and 
distribution. 

B. — Monopoly — 

1. Transactions between a single monopolist and a 

emnpeting public. 

2. Transactions between two monopolists or combina- 

tions. 

The use of these applications of mathematics to political 
economy illustrated by comparison with — 

1. Applied mathematics generally. 

2. The mathematical theory of statistics. 

Conclusion. 

At the meeting of the British Association which was held at 
Cambridge about a quarter of a century ago, Jevons submitted 
to this Section a '*^era] mathematical theory of political 
economy,*' which, as nt himself records, was ''received without 
a word of interest or belief.'' 1 propose to consider the justice 
of the unfavourable verdict whicn our predecessors appear 
to have passed on the mathematical method introduced by 
Jevons. 

There is some difficulty in discussing so abstruse a subject in 
this place. It is as if one should discourse on the advantages of 
classical education on an occasion on which it might seem 
pedantic to cite the learned languages. I shall evade this diffi- 
culty by addresring to students some appended notes, ^ which, 
like the boy of piw’erb, are to be seen, not heard. 

The cardinal article of Jevons's theory is that the value In 
exchange of a commodity measures, or corresponds to, the utility 
of the least useful portion of that commodity. What a person 
pays per month or year for a sack or ton of coal is not what he 
wottla be willing to give for the same rather than be without 
fuel altogether. Mther the price is proportions^ to the 
advantage which the consumer expects from tne portion which 
he could best dispense with — to the “ final utility," in Jevons's 
happy phrase. 

1 shall not be expected here to dwell on a subject which hu 
been elucidated in treatises of world-wide lepotation, such as 
those of Profs. Marshall, Sldgwick, Walker, and 1 would add 
Prof. Nicholson’s articlo on "Value ** in the " Bncyclopsedia Bri- 
taonica." Those writers seem to present what I may call the 
economical kernel of Jevons’s th«S>ry divested of thq mathe* 
matical riiell in which it was originally inclosed ; whereas my 
object is to consider the use of that shell— whether it is to bfe 
regarded as a protection or an encumbnoioe, 

1 may begin by removing an obhmtion Which the mere state- 
ment of the question iwea The idea tA reducing human 
actions to mathematioat tule may present iteelf to commotirseose 
as absurd. One » reminded of Swift’s " Laputa," vVherethe 
beef Was cut into rhomboids ahd the pudding Into a eycUHdr eWd 4 
the taller conOtrueted a very Unfitting folt « CIothH by mOans 
of rule anCoompeseei. It should be tmdetetood,^ l^owover, ^ 
the new method of eoouiimical TeasooiQg ddhs ^ dahn 
jmediion than what has Ipng heeh hoiinaded io another depWrl- 
meat of science opphed to human adjoUrs-^^mely, stat£Wlea. It 
is now a oommot^rnee that amions lueh Ws shimh or yuiiSriacei 
apinging firmh m mqit^m^ious Wid in m 

whlS m eWsdhet 
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ThA of what hu called the lat^ of laijge 

imnihekt may equiJly be eit^oye^ ^ theory which deals with 
mij^rketii aed eombinatlons. 

Bid* kMleedr eteo the limited decree of arithmetical precUion 
which ii pioper to alatledcal generalieatioos need not be claimed 
hy mr mathematical method rightly understood. It is concerned 
with quantity, indeed, but not neoesiarily with number. It is 
not ao much a potUioal arithmetic as a sort of economical 
algebra, in which the problem is not to had x and ^ in terms of 
given qmtitias, but rather to discover loose quantitative rela> 
tlons of the form t x Is greater or less than and increases or 
decreases with the increase of s. 

Such is the character of what may be called perhaps the 
leading proposition in this calculus— namely, the mathematical 
theory of supply and demand. The use of a curve introduced 
by Cournot to represent the amount of a commodity offered, 
or demanded, at any particular price, supplemented by Jevons's 
theory of final utility (a), does not indeed determine what price 
will mle in any market* But it assists us in conjecturing the 
direction and general character of the effect which changes in 
the condition or requirements of the parties will produce. For 
example, in the case of international trade the various effects of 
a tax or other imp^iment, which most students find it so diffi' 
oah to trace in Mill's lab^ious chapters, are visible almost at a 
glance by the aid of the mathematical instrument (^). It takes 
Prof. Sidgwick a good many words to convey by way of a par- 
ticular instance that it is possible for a nation by a judiciously 
regulated tariff to benefit itself at the expense of the foreigner. 
The truth in its generality is more clearly contemplated by the 
aid of diagrams such as those employed hy the eminent mathe- 
matical economists Messrs. Auspitr and Lieben (r). 

There seems to be a natural afGnt^ between the phenomena 
of suj^ly and demand and some of the fundamental concep- 
tions of mathematics, such as the relattdo between function and 
variable,^ between the ordinate of a curve and the corresponding 
ahsoisss,* and the first principle of the difierential calculus ; 
especially in its application to the determination of maxima and 
minima. The principle of equilibrium U almost as dominant in 
what Jevons called the mechanics of utility as in natural philo- 
sophy itself. In so many instances does mathematical science 
supply to political economy what Whewell would have called 
** appropriate and clear " eonc^ions. Their use might, per* 
baps, be illustrated by comparing— 'however fanctfisHy, ana si 
farva Ars/ eam^ers magnis^-^iM advance in economics which 
Jevons initiated or conUoued to the advance in mathematics 
which the new and sublime method invented by Bir William 
Hamilton appears to have effected. Algebra and geometry are 
to ordinary laoguaM in political economy somewMt as qua- 
ternions are to orainary algdxraic geometry in mathematical 

e ysses, if we accept the view of the latter relation which has 
en given by a very omnpetent judge. Clerk Maxwell. ** 1 am 
oOQviaoed,'' be says, ** that the inUMuotion of the ideas as dis- 
Uaguiriied from the cmerations and methods of quaternions will 
be of flmt use in the study of all parts of our subject, 
especially ... * where we have to deal with a number of 
pb^tcal qaantsties, the relations of which to each other can be 
expressed ht more simply 1^ a few expressions of Hamilton’s 
tma by the ordinary equations.” * Tnis is the spirit in which 
the economkt should employ mathematics— the ideas as distin- 
gttiibed tim opmtfeos and methods.^’ 

In eoMiderittg the above-given, and UMteed any concrete in- 
stanoas^ it is hmiy possible to <k^ to what may be called the 
rimpleit type cf siMly and denwAd, the ideal maritet ha whi^ 
only two groups of competitors and cmly two 
avtiefes df eachasfCi aayi gdidfer ooiti» or any other j^*v 
fim, lagssih^ and mqm whpn eonsiderwg what rates of 
AKHtaaM tend to rufefe an averse tfemricthms, k w jMoper 
k^ifidmwtoaen^ ibdtthet^^ mfe maritet wUTdfeet 

wa^Sldctli Mr. 8l4s- 
irtsWiiad*»stc Wpsr Wly 
'ths yasMwK efs 
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those in another* ff the tnittfremtur has less to pay for 
machinery, CiiPhrts paribus, he will be able to offer more on 
the labour market Thus we obtain the idea of a system of 
markets mutually dependent. In a general view of this oorre- 
lation it is not neocssary to distinguish whether the state of one 
part is connected as pause or effect with the other parts of the 
system. As Prof. Marshall^ says:— ** Just as the motion of 
eve^ boidy in the solar system afiecu and is affected by the 
motion of every other, so it is with the eUmenls of the problem 
of political economy ” (r). 

This conception of mutually dependent positions is one in 
which minds duciplided in mathematical j^yslcs seem pecu- 
liarly apt to acquimee. In other miarters there may be observed 
a restless anxiety to determine which of the variables in a system 
of markets is to be regarded u determining or regulating Che 
others. In one of the principal economic journals there has 
lately been a pretty stiff ^ntroversy on the question which of 
the parties in the distribution of the national produce may be 
regamed as residual daimants upon the product of industry ” 
{Qnari^riy Janmal af Ef anomies^ 18S7, P* 287 ; 1888, p. 9) ; 
whether it is the working class which occupies this preferential 
position, or if the "real keystone of the aren " is interest. Such 
questions certainly admit of a meaning, and probably of an 
answer. But they will probably appear of secondary importance 
to those who accept, as the first approximation to a correct view 
of the subject, the principle of mutual dependence— what may 
be called the Copemican theory of distribution, in which one 
variable is not more determined by another than the other is by 
that one (/). 

Among the factors of this economic equilibrium I have not 
as yet explicitly included cost of production. Rather, the sys- 
tem of markets which so far 1 have had in view is that which 
would arise if the articles of exchange were periodically rained 
down like manna upon the several proprietors, and each indi- 
vidual sought to maximise his advantage acco^lng to the law 
of final utUity. But now we must observe that self-interest does 
not operate in this fashion. We must take account of efforts 
and sacrifices. 

Here, again, the language of symbol and diagram is better 
suited than the popular terminology to express the general idea 
that all things are in flux, and that the fluxions are interde- 
pendent. In Prof. Marsball’s words, " As a rule, the cost of 
production of a thing is not fixed ; the amount produced and its 
normal value are to be regarded as determined simultaneously 
under the action of economic laws. It, then, is incorrect to say, 
as Ricardo did, that cost of production alone determines value ; 
but it is no less incorrect to make utility alone, as others have 
done, the basis of value” ("Economics of Industry,” p. 148). 
Among those who may have gone astray in the latter sense, 
who, in their recoil from IScylla, are at least sailing dangerously 
near Charybdi^ may be placed the important Austrian school 
who have rediscovered and restated the theory of final utility 
without the aid of mathematical expression. To amplify a figure 
suggested by one of them,^ let us figure the hard conditions of 
industrial life by the austerity of a schoolmaster, who, in order 
to cultivate patience and fortitude in his scholan, should dis- 
tribute among them certain rewards— ii might be toys and sweets 
— in retntn for certain amounts of fatigue and pain endured. 
Thus, the cost of procuring a marble might be writing out 
twenty lines ; the cost of a top, standing half an hour in the 
stocks. Bunposing exchange to be set up among the members 
of (he youthful population, itw bompetition being assumed, there 
would theoretically arise an equilibrium of trade in which the 
value of each artide would corfOapond to its final utility. That 
is, if a top exchap^ for ten marbles, it might be expected that 
each boy would nyue the last top about as highly as the last 
decade of toarbfes which he thesi^ht fit to purchase. So far, 
final utili^ may be regarded as the regulating principle. 

But it U equaUy true that the final tAV-utUides of the exchanged 
articles will be equal* If a top is worth ten marbles, we are 
entitled to expect such an adjustment of trade that each and 
every boy wewd as soon stand in the stocks half an hour as 


* to a roaorkabU ttVisw of Jevonn'ii theory in the Amdetnpf of A|itrU i, 
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write put two hundred liiws— ‘the coit of ten marbles at twenty 
lines per marble* • 

To be sure, final utility may be conceived as operating; by 
itself without reference to cost of production, as we tacitly 
assum^ io our first parag;raph«. Whereas the converse con- 
ception of a traffic in dUcommodltios ^ has less place in real 
life* 

But it is not worth while weighing the two principles against 
each other, in vaeu^^ so to spe^, and abstracting the real cir- 
cumstances by which each is differently modified. . As these are 
introduced, the balance will oscillate now in favour of one side, 
now of the other; perhaps leaving it ultimately uncertain 
whether cost of prt^uccion or final utility is the more helpful 
in the explanation of economic phenomena. 

For instance, in our allegory let us introduce the supposition 
that there la oilly one variety of cost— say, the common labour 
of writing out verses. If, now, the authorities fix twenty lines as 
the cost m a marble, and 200 as the cost of a top, it is predictable 
that a top will be worth ten marbles. It is equally true indeed, 
now as before, that the final utility of a top will be equal to 
the final utility of ten marbles. But the latter proposition, 
though equally true, is not equally useful. For it does not afford 
the si^le and exact method of prediction which is obtained by 
the Biml^ian view upon the supposition made. But then the 
toposition that there is only one variety of sacriffee is not always 
appropriate. And even if that were appropriate, it might not 
be helpful when we introduce the condition tWt the cost of pro- 
curing each article is not fixed definitely, but varies increasingly 
or decreasingly with the amount procured. Thus, the cost of 
the first marble given out might be twenty lines ; of the next 
marble, twenty-one lines ; with an equally varying scale for 
tops. Upon this supposition the two propositions that value 
oorresponde to final utility and also final disutility might be 
equally true, but equally useless for the purpose of prediction. 

Again, it may be that a man is freer to vary the extent of his 
expenditure than the dwation of his work (g). The final dis- 
utility experienced by the t^cretary of this Association during its 
meetings must be fearful. For it is not open to him to terminate 
at pleasure his day's work, as if he were employed by the piece. 
He would not, however, have accepted tne office unless the 
advantages, less by all the trouble, were at least as great as in 
any other position open to him. Now this equation of the net 
advantages in different occupations is— oo-ordinately and (in a 
mathematical sense) sitnuitaneoush with the equation of final 
utility fur different kinds of expenditure — a condition of normal 
economic equilibrium (/;), Yet again, the free play of this 
tendency is impeded by the existence of non-competing 
groups.” 

1 cannot be expected here to enumerate alt the conditions of 
economic cquiUbriuin. For a complete exposition of the com- 
plexities at which 1 have thought it necessary to glance, 1 must 
refer to the second book of Prof, Sldg wick's “ Political Eco- 
nomy.'' It will be evident to his readers* that what may be 
called the general economic problem of several trading b^ies 
distributing and exchanging inter se under the influence of self- 
interest and in a r^mt of competition is much more hopelessly 
difficult than the as yet imperfectly solved dynamical problem of 
several material homes acting on each other in vaciw. When 

^ ffupi>OBe our allegorical aohooloisster ithoUld diAcontSnuo the system of 
rewards, and prefer to cultivate diligence by r^uirmg each boy from time to 
time to bring up a Certoio number m lines, wntten out'-^whetW by hiiaself 
or another would not be soruUtiixed— or to be responsible for the cleoniiig of 
a window^ after the manner of Mr. Sdneent's practical method. In the 
traffic of abcoramodities which would be set up on tnSs supposidua, the 
(nmaivve) Value of each article of exchange would be measured solely bV lu 
disuitnay. However. U 1nu.1t be odsnitted, I thmk, that this latter hypomeris 
is rather more ab»nnl than the former «bsiraction-^with reference to real li& 
at leaet ; for, as It happens, the traffic la impoutions more needy resembles 
what is said to occur In actual schools. 

* There occurs to me only one point at which ths um of mathematiesl 
lltustraeioni more oompttcated than those which I have referred to in mv 
diet two headings would ^iduce to the apprehension of Mr. SidgisMty 
theorems. I allude to His repeated etatament that, not only in internadbnal 
trade, as Mill pointed out. but also In inule in genefal there may be semal 
Tutes of eochange at which the eupply just takes off the demand. Thie 
sUtemeni, taken without reservaffoo, goes ths length of destroying the 
nrestlge which is no# attached to enmpedtKm. Prof. MarsKall. in an ka- 
koitant pasaage, recommends arb'tratore and combinadons to imkam th* 
method of a celebrated CMltKcr, who, In order to make a btm^wa^, feM 
aseertamed th^ sIcm at whmh a bank of stonsa arould naturally He arraMcd 
udder the action of the waves, and .theh let down atones so as to form tm a 
idttpe (*' Economies of Iptbrntry ” p. nigl Now. If jMvitatioD acted some- 
iitnes vertically end ^ometimm at an aogi* of 45 , if the iomes oroompotk^ 
tended to two distinct poskipae of eqitUilirium, the ounetructinn oif me 
economic breakwater would become 'albibrary, It is important, thmwfeim, 
m show the limiu of Prof. Sidgwick^sthomyi 'See the appenoed note W 


Ooisen, the predeccMorof Jevont as an exponent of the Uwx>f 
fin<d utilltyi eomparea that principle to the law of gravitation, 
and the character of our science to that of aatronomy, he betntyn 
a too parental partiality^ A truer, though still too ffattering, 
compariaon would be afforded by some very immature and im- 
perfect specimens of pbysicst— say the theory of ffuid motion 
applied to the problems of bouse ventilation. 

There is a certain resemblance between the uniformity of 
pressure to which the jostling particles of a gas tend and the 
unity of price which is apt to result from the play of competition. 
As the architect is guided by studying the laws according to 
which air flows, so it will help the boilaer of econmnic theory 
to have mastered the pr^ciple of movement towards equilibrium. 
But even in the material constructions practice is apt to lag far 
behind theory, as every reader in the Britlih Museum knows. 
Much less are we able to predict what currents will flow between 
the different compartments of the industrial system. We know 
so im|)errectly tne coefficient of fluid friction, and the other 
conditions of the general problem : what compartments may be 
regarded as completely isolated and hermetically sealed, which 
partitions are porous and permeable. 

Moreover, there is one operation of competition, which it 
does not seem easy or helpful to represent by physical analogies 
—the transference from one occupation to another, the equation 
of net advantages or total utilities in different emidoyments ; 
industrial as distinguished by Caimes from commercial competi- 
tion. The latter operation appears to me to admit much better 
of mathematical expression than the former, which is not so 
well represented by the equilibrium of a physical system.^ Ac- 
cordingly, the equation of net advantages has been judicio^y 
omitted by Jevons in his formulation of the cost of production. 
And the Helvetian Jevons, as we may call Prof. Walras, 
appears to have altogether made abstraction of the cost of 
pr^uction considered w importing sacrifice and effort. 

Prof. Walras, illustrating the operation of a simple market, 
supposes each dealer, before going to market, to write down 
his scale of requirements — how much he would be willing to 
buy or to sell at each price. From these data it would be easy 
to calculate beforehand the rate of exchange which would prevail 
in the market formed by those individuals. But, when we 
advance from the simplest type of market to the comjplexities 
introduced by division of laKiur, it is seen to be no longcf a 
straightforward problem in algebra or geometry, given the 
natures of all the pvties, to find the terms to which they will 
come. Here, even if we imagine ourselves in possession of 
numerical data for the motives acting on each individual, we 
could hardly conceive it possible to deduce a priori the position 
of equilibrium towards wmeh a system so complicated tends. 

Accordingly, it may be douUed whether the direct use of 
mathematical formulee extends into the region of concrete 
phenomena much bdow the height of abstraction to which 
Jevons has confined himself, hiowever, the formulation of 
more complicated problems has still a negative use» as teaching 
the Socratlc lesson that no exact science is attainable. As 
Dupuit, one of the greatest of Jevons's mathematical prede- 
cessors, points out, Quand on ne pent savoir une chose, cW 
ddjk beaucQup que de savoir qu'on ne salt Hen ” {Anndks die 
Fonts et CAaussdes, 1841, p. 372). If, he says, the early theorists, 
instead of formalating the balance of trade, had confined them- 
selves to declaring the question above their powers, they would 
probably have di^ a greater serviiBe than the soccessors who 
refuted them. So Cournot, referring to his own mathemsrical 
treatment of economics, ‘'Aussi noa modestes pretensions 
dtaienl-elles non d'eccrotrre de beaucoop la domaine de In 
science proprement dite, mats plutdt de montrer (oe md a biea 
aussi son utilU^) tout oe que nous manque^ pour donner la 
solution vratment klentifiqiie de questions que la pdemieue 
qaotidieiine trenche hardmicnt ” (''Kevue Sommafre Sim ilwll . 
j evens says (<' Theory of J^Uical Economy,** p. 157, sewnd 
edition), adtanmge of the theo^ of eoo&omics, oaMdtly 
studied^ wUl be to ihi^e na very eaveflil in our eanriukfoiH^ 
the maUer fe not the shapieM 

In the vineyard of ecieifoe, to perform the peri of e piOnfogf 
hodk it an hoimtimbfo foiiodoh ; and aifery oeemsmy one fo ^ 
kge of luxmkdt epeoularioD, wW novel teem .fo ^ 

« OuBwwrial eomiWddm kc Ifeoned to a isyeWm of fetite floedlid 

Into weh othsr; tadusewi VowpMhk^ m a jystaei or 
uatieg by woam of vslM Shw wHuii pfm nmndmAkm m 

eentwtiw’ of thki eos foUto :dK*ain -m m ^ ' 
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«Aii^ nev economic Joi'aniiils. I give in the appended notes an 
ttemple of this corrective procew applied to a theory of great 
ifrorth and authority, and concerning the moat vital intereatc, 
aach aft the relations of employer and employed, and the 
Socialist attack on capital (j). In directing this weapon of 
erttuSism againsi Prof. Walker, I act upon the Miltonic rule for 
yClccting an adversaty-*' 

" Best with the best, more glory will Uc won. 

Or lets be lostr 

In the preceding remarks I have had in view, as presutnably 
most favourable to computation, the case of bargains in which 
there is competition on both sides. It is now to be added that 
the mathematical method is nearly as applicable to a 
of monopoly. Here Cournot, rather than Jevons, is our guide. 
Coumota masterly analysis of the dealings l^tween a monopolist 
seller abd a number of buyers competing against each other 
has been copied out of mathematics into tne vulgar tongue by 
many well-known writers, and need not here be repeated t/6). 

It is in this department, perhaps, that we can best answer 
Caimes's challenge tojevons to produce any proposition dis- 
covered by the mathematical method which is not discoverable 
by ordinary reasoning. Not, indeed, that the economist is 
b^nd to answer that challenge ; any more than, in order to 
prove the advantages of international trade, he is concerned to 
deny that claret may be produced in Scotland. 

The following j^position is a particular case of a more 
general theorem given by Cournot. Let there be a railway 
and a line of steamers, each forming part of a certain through 
iourney, and separately useless ; the fares will be lower when 
Wh means of transport belong to a single company than where 
there is less monopoly, the two services being in the hands of 
two companies, each seeking its own gain independently of the 
other. 

The rationale of this somewhat paradoxical proposition is not 
easily discerned without the aid of symbols. Cournot, in a 
popular redaction {** Revue Sommaire ’') of the theories which he 
first conceived in a mathematical form, suggests, as a generally 
intelligible explanation, that it is better to ^ at the mercy of a 
single master than of several petty tyrants. But this seems to 
be a commonplace of the sort which, in the absence of rigid 
reasoning, has so often deceived the amateur economist. Might 
it not be applied to the case of monopoly in general ? 

It would be bard to say how much this remarkable proposition 
may add to the arguments In favour of the Government monopo- 
luing railways, Nor would I undertake to estimate the practical 
significance of Cournot’s numerous mathematical theorems on the 
taxation of monopolists. We might perhaps compare the func- 
tion of the sovereign science with respect to the theory of monopo- 
lies to the duty of Government as to their management — to 
exercise a general supervision without attempting to control 
details. 

We have In the lost few paragraphs been supposing monopoly 
on one side of the market, on the other side a public competing 
with each other. Let u« now consider the bargain between two 
monopolists, whether individuals, or rather corporate trading- 
bodies, combinations in the most general sense of the tenn. The 
mathematical analysis of this case brings very clearly into view 
the important pro^rty, which » not very prominent in writings 
of the ptre-Jevoman era. that the bargain between two self- 
interests Co^contractoTs is not determinate in the same sense as 
in a r^me of perfect competition. 

N6 doubt, if we take a very simple case--^ch as that 
imagined by De Qufncey, of the bargain between the owner of 
a musiuabbot and a colonist already on his way to a distant 
Tegian where no luxuries can be purchased-di is easy to see that 
the bargein may aetfle down at any point between certain limits, 
l^nt wb^ both the amount of commodiQi' to be sold and money 
paid am Variable, os in the momentbas case of a bargain 
of employers bn the one hand and em^ 
other, itis a lem tami|^ truth that the terms of 
bobbrnec are in g to lome extent indeterminate. For 
the nafgain nmy be eitber all in th« interest of the one 
horns and small pay, or, on the other hand, high 
W^lgeq wilb iimich leisure. 

^ nlgntficantie of thjs prbpMirion haS been mjesed by many 
b^hoaes^dhave imated ilw»abj«t without the iddoft^ 

Some fidl to see that there is any pecnliarity 
M between ittolatSd utdtt. AnptHVr disems the 

^farn^t^cei ctf the: hat^lp duly In the special case m 


which the article exchanged is a large indivisible object, like n 
house. Another limits the difficulty to the case of a single 
negotiation as distinguished from a contract which, as in tne 
actual labour market, may be modided from time to time. 
Another tells us that in such a bargain the most anxious party 
gains least. 

AU these phrases seem to obscure the cardinal distinction that 
perfect competition tends to a deterrninatc settlement, whereas 
m a n^inie of combination a principle of adjustment is still to 
seek. What is that principle? 

At a former meeting of the British Assoemtiem, on the 
occasion of a discussion on sliding scales, 1 stated the difficulty 
< which there might be, in the absence of competition, in defining 
I fair wages and reasonable terms, and X asked the eminent Pro- 
I fessor who introduced the subject in what direction one should 
: look for a solution of this difficulty. His reply imported, as I 
I understootl, that no other jgeneral rule can be given hut this : to 
I obtain a full knowledge of; and bring a candid judgment to bear 
on, all the circumstances relevant to each case. To which 1 
would add that one circumstance relevant to this whole class of 
I cases is just the fact that there is in the abstract such a marked 
difference between combination and competition. 

Possibly the dry light of abstract science may enable ug to see 
a little further into this difficulty. Analysis strongly suggests that 
the right oolution is what may be called the utilitarian arrange^ 
ment, that which is productive of the greatest sum total of 
advantage for all concerned. The utilitarian determination is 
clearly discerned to be by no means necessarily coincident with 
the settlement towards which competition tends. For instance, 
the vrai prijc^ in Condillac’s sense, as determined by the play of 
supply and demand in the labour market, might be such that 
the enirepreneur class should take the lion’s share, leaving the 
lalmurer a bare and painful subsistence ; but there is* no ground 
to believe that this is the best possible arrangement From an 
abstract point of view it is by no means evident that a free 
labour market **i« the only way to equity, that any interference 
with it must involve injustice ” (Danson). Nor need it appear “ a 
great fundamental principle — as inevitable in its action as gravi- 
tation— that a fair day's wap;es for a fair day’s labour is deter- 
mined by the proportion which the supply in the market bears to 
the demand^' (Rupert Kettle on ** Arbitration It inay be 
true indeed, in a practical sense, that perfect competition is 
“not less harmonious and beneficent in its operation than 
gravity (Walker, “ Political Economy ”) ; but theoretically it is 
tenable that there U an adjustment of contracts more beneficent 
than that which the mechanical play of competition tends to 
establish (/). 

To introduce these philosophical conceptions of utilitarianism 
will doubtless seem irrelevant to those who are immersed in the 
details of business. But the practical man should l»e reminded 
that in other spheres of action, politics and morals, the principle 
of utility, however badly received at first, has exercised a great 
influence— though doubtless not so great as was anticipated by 
some theorists, and requiring to be largely tempered with common- 
sense. 

Such, I think, are the principal points at which mathematical 
reasoning is capable of being applied to political economy. In 
estimating the use of this melnod it is natural to take as our 
standard the helpfulness of mathematics in other departments of 
science. 

As compared with mathematical physics, the mathematical 
theory of political economy shows many deficiencies. First, there 
is the want of numerical data, which has been already noticed. It 
is true that there is a faint hope of obtaining what Jevons too con- 
fidently expected — statistical data for the relations between supply 
and price. It is true also that in the higher mathematics con- 
clusions which are quantitative without being numerical are more 
frequent than is usually supposed. Some political economy is 
as exact as some mathematical physics. The fields cultivated by 
Section A and Section F may overlap, but it must be admitted 
that the best part df our domain corresponds to what U the 
worst part of theirs. If you inquire as to jbe products of our 
Inferior soils, we must oopfeis, ,if we do not wish to conceal the 
nakedness of the land, that over n large portion of our territory 
no crop is produced. We are employed only in rooting out the 
tares which an enemy has planted. Much of our reasfming h 
directed to the refutation of fallacies, and a grwt pan of 
science only raises us to the sero point of nescience from the 
negative position of error. Sa/ientia priwa 
earuifit,** In this intrt^dwetory portion of political economy 
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we MetK the ibetben^etioel method is likely to 
semdoeahle (see above, p. 498). 

It is not to be soppos^, hovjrever, that the work o( our 
Section is wbollyMostructWe $ thu like the Ulanders of whom 
it Was said that they earned a precarious livelihood by wasbtne 
one another’s dotheSi so we are occupied only in man^linsf each 
other’s theodes* Like imprudent sectaries, by out mutual re* 
criminations we have otttcnred the virtues common to our pro- 
feasion. What Jevons said of Cslrnes, that his own opituons 
were much more valuable than his objectioiu against other 
jiebpleS opinions, is trah of Jevons Himself and other controver- 
sial economists. Now, this pomibility of mutual misunderstand* 
ing by persons who are both in the right is connected with a 
droumstanoe which it is not irrelevant here to notice. It Is that 
in our iubjeqt* unlike physics, it is often not clear what is the 
prime factor, whft elements may be omitted in a first approxima- 
tion. One writer on rent may emphasize distance the 
centres of population as the main attribute, and introduce fertility 
of soil as a perturbation of the abstract result given by the 
first view. Another fixes attention on the powers of the soil, 
and allows for other elements, as for friction. So in the Iheonr 
of money, the state of credit or the ouantity of metal have each 
been regarded as the prime variable.^ It need not be pointed 
out hoW untavoumUe to exact science is such a state of the 
subject-matter. Imarae an astronomer hesitating whether in 
the determination of Jupiter’s movements the sun or the planet 
Saturn played the most important part. That is the condition 
of many of our speculations. 

It will not be expected that from such materials any very da- 
borate piece of reasoning can be constructed. Accordingly 
another point of contrast with mathematical physics is the brevity 
of OUT calculations. The whole difficulty is in the statement ol 
our problems. The purely computative part of the work is in- 
considerable, Scarcely has the powerful engine of symbolic 
language been applied when the train of reasoning comes to a 
step. The case is Ukeriiat of the swell in PHHch^ who, about 
to enter a hansom, inqulrei solicitously of the driver whether he 
has got a good horse. “Yes, sirj very good ’osi.” 
then dwive to next doOr.” However, our road, though short, is 
so sU^ry as to require every precaution. 

It follows that tn economics, unlike physics, the use of 
symbols may perhaps be dispensed with by native intelligence. 
It must be admitted that the correct theo^of value has been 
rediscovered by Menger, and restated by his follower, Bbhm- 
Bawerk, without the explicit use of mathematics. Without the 
law, they have done by nature (be things contained under the 
law. Still, under a higher dispensation, they might have at- 
tained greater perfection. Nor can equal accuracy be ascribed 
to all the followers of Menger. Nor is the terseness which 
comes of ikiathematical study a characteristic of this Austrian 
school («), 

Another point of contrast between the mathematical science of 
the physicist and the economist is that the former appeals to a 
larger public. Mathmnatics is as it were the universal language 
of the physical sciences. It is for physicists what Latin used to 
be for senc^rs ; but it is unfortunately Greek to many econo- 
mists. Hence the writer who wishes to be widely read-*who 
does not say, with the French author, pmr 

will do well not to multiply mathematical technicalities beyond the 
indispensable miniinum, which we have seen reason to suppose 
is not veiy lavge. The parsimony of symbols, which is often an 
elegknee In the physicist, is a neoessity for the economist. 
Ind^, it is tenkble that oar mathematical constructions should 
be treated as a sort of soafiblding, to be removed when the 
edifice of science is completed. As Prof, ManhalJ, one of the 
highest authorities on this subject, says t ** When a man has 
cleared up bis mind about e difficult economic question by mathe- 
matical reasobiiig, he generally finds it best to throw aside his 
maihematics and ^xprt^ what he has to say in language that* is 
uflderstanded of the people Jane 1881 ). Upon this 

view qlathematical discipline might be compared to grammar or 
to the study of classical litetature, which it is profilaMe to 
have learnt thoroughly, while is is pedantic to oWide one’s 
learning. 

Fn>m these oonriderationt It may appear that our Itttld brutch 
41 MenCe is of quite a mdhiMnmry form. The sblid structure 
«nd regular vaaalfieBticmB bf the more devrioped muihemiukal 
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clences are "wairiiog, A less ttufoVowrafalja oontrost umuhl hh 
presented If weoomimred our method, not with aj^led mathh^ 
maUcs genhrdly^ but with that particular bnm on of ft whlrik 
ockmes nearest to oai* hi its proximity to human interestfr-**«ttie 
use of the oalculus of peobabuitios in social statistics. 

There is really only one theorem in the higher part of the 
calculus, but it is a veiy difficult <me, the theory or errors, or 
deviation from averages. TV direct nppHoattons of this theory 
to human afiairs are not very consideiUbie. Terhaps the most 
conspicuous example i$ afforded by an investigation to which, U 
1 had undertaken to review the work done in our subjects during 
the past year, 1 ought to have directed particular attentlon-*<Mri 
Oalton’s rigid pr^ of the faet and amount 6 f r€gmssi(>nt 
or reversion, in children compared with parents, and other 
relationships, 

Jlttt, beyond the isolated instances In which (he theory ot 
deviations is applied in aocial statistics with the same strictness 
and cogency as in physics, there is a wide zone of cases in which 
the abstract theory is of use as giving us some idea of the value 
to he attsdied to statistical results. Mr, Galton justly complains 
of the statisticians who ** limit their inquiries to avenges, and do 
not revel in the more comprehensive views ” of the deviations 
from aversfiez. *' Their souls seem as dull to the charm of 
variety ai that of the native of one of our fiat English counties, 
whose retrospect of Switzerland was that, if its mountains could 
be thrown into its lakes, two nuisances would be got rid of at 
once.” But great caution is required in transferring the theory 
of errors to human afiairs ; and the calculus of probabititm 
may easily be made, in Mill's phrase, the "opprobrium of 
mathematics.” 

Now, in all these respects there is a considerable resemblance 
between the hi^er parts of the (wo branches of science which 
are cultivated in this Section. It may be said that in pure 
economics there is only one fundamental theorem, but that Is a 
very difficult one : the theory of bargain in a wide sense. The 
direct application of mathematical reasoning is, as we have seen, 
limited—more limited, 1 think, than the corresponding function 
of the higher atatisticf. But, on the other lumd, the ve|mlative 
effect, the educational influence, of studies like those of Couniot 
and Jevons are probably vety extensive. 

How extensive, it would be difficult to decide without defining 
the limits of a province within Urbich our special subject k in- 
cluded — the nse of abstract reasotdng in political economy* 
Now, on this vexed question, and with reference to the heated 
controversy between the historical and the deductive schools, 
the mathematical economist as such is not committed to any 
side. It may be dangerous to take wide general views ; it may 
be better to creep from one particular to anodier rather than 
ascend to speculative heights. Our only question here is 
Whether, if that ascent is to be made, it is better to proceed 
the steep but solid steps of mathemati^ reasoning, or to 
the severity of the ascent by the zigzag windings of the flowciry 
path of liieraturo. It k tenaUe that the former course is wribst, 
as not idlowing ui to fiwget at what a dat^rous height of ah* 
straction we proceed. As Fret Fmcwell Im well said,^ with 
reference to the mathematical methods In the bands of Jevons 
and Prof. Marriiatl, "It has made It imp^ble for theedtKkthd 
eoDoomist to mk|akc the limits of theory and pnmtice, or to 
repeat the confiiaioiis which brought the stray into dkoredk end 
almost arrested its growrit*' 

I trust that 1 have suoeeeded in dktimlahiiig the gueallbn 
what is the worth of abstract reasoning In polmc^ 
from the murii more easily answered question Whedker, V ft w 
worth doing, it k worth 4mue well* Ibe umthematMweewh- 
mlst is eonceroed tostqwratel^ method itom that mariieidlbamd 
and metaphysical reasoning Wldch Burke repndkies as 
nbie to humra affirim $ from that abathmt method Whijriiihrl# 
in view when he m* 3 — ^^Nothi^ can be mohsftdrd 
heart of a.thorongbt^ memphysfokn. It fliw 

cold maligntty of a slicked Mpvtk than to the I 
of a man^ («^Lett^ On alUgteide 

to the Jacobin phftoitophers } but our wi4 . ^ wr. 

rimriar words should be eppllid to some ’^sophimhikl^ 
eepnomkts^' of a km gettemUmif 

^wbkriaal{lhm 
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ill^ of C(»m>Vcity wtritb crime, yitM do woll to 

errob opportiiiiiitj^ of cteftritig: ^emeelvec from tto impntA- 
^ fnc suttheomtictl eoonomUt is celled on to dieown em* 
kidhin eymi>«thy,«{tli tbe degrent abuflea to which the 


ijddk^^ Qie o( r 0 AftoiiEng is undoubtedly U&ble. ' 

Tin coHdtiime the oomparUon wht& I was institoting between 
m mwtbematica] theory of economics and the calcalos of prob- 


errom in probabilities at timesi and big ones.'’ He goes on to 
mention a mistake committed by both Laplace and Pmsson, the 
ineptitode of which be can only parallel by the reasoning of a 
little ^ whom he had called a ^'daughter of Eve" ; to which 
ibe te^tedf ** Then you must tm a daughter of Adam." It ia 
not to be concealed that economic reasoning, even in its severest 
form, ia sometimes dually inconsequent. X %ottld have hesitated 
to assert that Cournot has made some serious mistakes in mathe* 
matica applied to political economy, but that the authority of the 
eminent mathematician Bertrand ‘may be cited in support of 
that assertion- 

Again, the more abstract theories of value and of probabilities 
seem to resemble each other in their distance from the beaten ' 
curriculum. Each forms, as it were, a little isolated field on 
the rarely crossed frontier and almost inaccessible 
wMrshed between the moral and the physical 
sciences. V 

The same character of remoteness belongs per- 
haps to another province, which is also comparable 
with ours-^the mathematical side of formal logic, Q 

the symbolic Jaws of thought which Boole fbnnu- 
lated. There was a oertalu congmity between ^ 

Jfevons’s Interest in his logical machine and in 
what be called the mechanics of industry." But 
I venture to regard the latter pursuit as much more 
liberal and asciul than any species of syllogism- 
grinding. 

If you accept these parallels, you will perhaps 
come to the conclusion that the mathematical theiky 
of political economy is a study much more impordint 
than many of the carious rednements which have 
occupied the ingenuity of scientific men ; that as 
cornered with a great part of logic and metaphysics 
it has an intimate reUtlon to life and practice ; that, 
as a meaw of disoovering truth and an educational 
di»cipUn<t St is on a level with the more theoretical 
part of statistics ; while it falls far short of mixed 
mathematics in ^neral in respect of that sort of 
prerestid>tished harmony between the stdiject*matter 
and the reasoning which makes mathematical physics 
the most perfect type of applied science^ 

But we must remember--aud the mention of the 
theory of probabilities may remind us— that any such 
Judgment is liable to considerable error. We cannot 


patience of the hearers is apt to become what Jovoos called a 
NOTES. 

(a) Simple Exckangb.— The simplest case of exohanoeis 
where there are two laige groups of uncombined individuals 
dealing respectively in two commodities, com and money. 
To represent the play of demi^ and supj^y, let any abscissa, 
0;r in Fig, i, represent a certain price, and let the quantity of 
commodi^ demanded at that price be The locus of / may 
be called the demand-curve. Similarly, represents the 
quantity offered at ai^ prlc^ Oj" ; and the locus of q is called 
me supply-curve. Toe price Oo, at which the demand is just 
equalled ^ Ihe supply, is determined by the Intersection of these 
curves. This Is Cournot's construction. The converse construc- 
tion, in which the abscissa stands for quantity of wmmodity, the 
ordinate for price, is employed by Mr. wicksteed in his excellent 
** Alphabet of Economic Science." 

The diagrammatic representation which most closely cor- 
responds to Jevons's fonnuJee is that which the pr^nt writer, 
after Frof. Marshall, and Messrs. Auspits and Lieben, inde- 
' pendently, has adopted. In this construction the two ^ 
ordinates respectively and symmetrically represent the quantities 


hope to measure the utility of a s^y with pre- | 
duoQ, but rather to Indicate the estimate on . either { 

aide of which competent judges would dlyerge^a t 
central point, which wiU be fotmd, if I mistake not, a 
equally removed from the position of Gosien, who ^ 
oompam the new science to astronomy, and the 
nttitudeof 0r. Ingram towards the reaearms which 
he regfudi, a* n^ring more than '^academic play- 
fldngsi and which Involve the very real evU of restoring the meta- 
entities previously diseased.** * 

Poe jgen^ml caption is suggested another of the 
te^moeX tenma wbb^ we have ^bat we are con- 

/'pmid-io discover is not so much whemer mathematical reason* 

■ hat is its "final qtUhy '' as compared with 
MfCh. Xtii likely that a certain amount of 
hne*-Hsay ae snuch aS Wicksteed imparts 

Alphabet ^ Eeonondc Science "r^is a more 
to a mind idroady stored witfa facts than the 
tmm Idetmricat ksmwl^a 
to the snh^t of fhsal ntUhyi I am reminded 
dictsea i|R« Other tbtw* are subject to this | 
iimurtej on mel^od prolonged beyond the 





of the two commodities exchanged, the quid ami Jhe /tro quo. * 
For instance, Fig. 2 may represent the state of supply and 
demand in the international market between Germany and 
England. The curve OE denotes that in exchange for any 
amount of "linen," Oy, Er«Und is prepared to sqpply the 
quality of " cloth" ( »= Oi) ; or, in other words, that in ex- 
change for the quantity Our of doth England demands ur/ f = Qy) 
of linen. The curve 00 U similarly rdated to Gerroan/s supply 
and demand. The poaition of equilibrium is determined by the 
intersection of these curves. 




^ m paw epaslon 


(fi) TAUiATldNS IX Sumv.— Suppose, as Mill supposes 
(" Pol. Econ.," book iil. ch. xviii. % 5), that there has occurred 
an improvement in the art of producing Germany^* 
lineiL The altered conditions of supply may be represented by 
the displaced curve OG', Fig. 3, indicating tha^ whe^ Jpitme 
the itoprbVement Geivnany in exchange for any quantity^ W ■ of 
cloth ofifeftd O^y Jty, she now offer* xf IV effect « im* 
provepdnt.bn the rate of exchange will depej^upott w fora of 
5ie curve beyond the oolnl r» If tfie< IttlewwCtkitt of the 
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com OE Is gt r, vertically above r, mt have the Oa«e where, u 
Mill ratKrr awkwardly eaya, the demand of England for linen in- 
creases ** in the same proportion with the cheapness." The other 
cases in, which the demand for linen— and accordingly the price, 




the^e of enchadge prodiseed by a tax on exports or imp6rtiih 
liet OO' now represent the tindfstnihed condition of shpply, add 
W OG be ishat this curve becomes when displaced by n tax oh' 
Gennan/s exports. According to the position of the orifflnni 
intersection* whether at r,, orsy we nave 
the three coses distinguished by Mill (book 
V, tij, iy. S 6), 

Again, the same construction way l>e used 
to fadUtate the comprehension of international 
trade which Prof. Siidgwick has recently pro- 
posed. Let the curves OE and OG' represent 
the conditions of supply and demand, on the 
nypotltesis that cost m transport is annihilated, 
that England and Germany are in juxtaposi- 
tion. Now restore the abstracted sea, and 
the altered conditions of supply and demand 
in a markft an tkt Bn^^k shvrt will be re- 
presented by the change of OG' to OG. Ac- 
coiding to the form of the curve OE the 
different effects on the rate of exchange are 
visible at a glance, (Cf. Sidgwick, **Pol. 
Econ./'book ii. ch. il. 8 3 ) 

(/:) Gain op Trade. — To measure the 
variations in the advantage acruing from 
trade by the variations of price — or more 
generally, rate of exchange— is a confusion 
which c<^d hatdly have occurred to the 
mathematical economist. The simplest method 
of illustrating the gain of trade is that pro- 
i>osed by Messrs. Auspitz and Lieben. In 
Fig. 4, let Off be the t&cu$ of a point r, such 
that a certain individual in exchange for the 
quantity Ojt of one commodity will just l)e 
willing to give the quantity tx of another 
commodity, will neither gain nor lose by that 
bargain. Then, if be obtain Ox in return for 
only rx, he is a gainer by that bargain to the 
extent of /r. The curve thus defined is called 
the uiiUiy-furvi, 

Now add properly the utUity-eurvei for all 
the individuals or a community, and we obtain 
what may be called a collective utility-curve. 
There is a peculiar propriety In taking one 
axis, say the ordinate, to stand for money. 
Let ON, then, in Fig. 5, be the collective 
utility-curve, in this sense, for the German 
community with respect to cloth. I^et OG 
represent the demand of Germany /or cloth, 
as before, except that the ordinate now stands 
for money, not linen. And let OE represent 
the supply of cloth in exchange for money on 
the pan of England. Then the gain to t^r- 
many of the trade with Enj^ond is represented 
by the vertical distance /r. 

Now let Germany impose a tax on the import 




of cloth in linen--^ increased nroee or lefts than 
the ctafopness, are represented by the points of intersceUon 

^Tite constructfou^may be used to represept the effect on 


of cloth. The effem of the tax wilt be to dis- 
place the supply-curve in the ntaimer indicated 
by the dotted curve OE', l>t / be the tie>e 
point of intersection between the demand* and 
(displaced) aupply-cUrve* The gain to Ger- 
many in the way of trade is now To 
which is to be added the tax r'S accruing to 
Germany. Since g$ may very well he greater 
than 6% Germany may gain by the imi^tkm 
of the tax. 

What dliffoulties the reader may foel aboOt 
this proposition i^iU disappear on refore^ ^ 
to Messrs. Ausphe ahd Lieben'a ^avtiifot 
and orkifial reasoning (** Theorie dOrTi^v" 
88 , in the light of their cotirti^ 

it hrin be at once seen #b«t eondUb^ Of 
supply and detnand are fovdmbte to eh* : 
deavour of one nation fo i ' ‘ 
imponi firom {or eajlibi 
, be noticed that , the , 

entertained by Trot ^fdgwiek (book vv fi lbe< 

It omy be obk^rnd .tttdl: i%n elbs 
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M tlw employed by the preMnt writer 

hCAthemeti^ Psychtcitr*' 21). Also the lines //'OJ^d/'S are 
partieular cases of the * ' preference-curve {^id, p. 33). If 
these more general conceptions are employed, the demonstra* 
tion will not require that we should put the 
ordinate for mone;^ rqjarded as a constant 
measure of utility* The interpretation assigned 
to the curves OG and 0£ in our second and 
third figures may still stand, 

(^} Economic Equilibrium. --B y analogy 
with well-lcnown physical principles, economic 
equilibrium may be regarded as determined 
by the condition that the advantage of all 
parties concerned, the integrated utility of the 
whole economic i^ratem, should be a maximum. 

This maximum Is in general subject, or in 
technical phrase rtUUme^ to certain conditions ; 
in particular what Jevons called the **law of 
indifference/’ that m a market all portions of 
a commodity shall be exchanged at the same 
rate. But occasionally this condition is sus- 
pended; as often as we take what may be 
called a socialistic or utilitarian view as dis- 
tinguished from that incommensurability of 
pleasures appertaining to different persons, 
which Jevons in a remarkable passage of his 
’’Theory’’ (p. 15) has postulated. U will be 
found that tnis postulate must be abandoned 
when we consider the gain of trade, as in our 
note (r), or the theory of combination^, as in 
note (4, and on other occasions. 

In general, the first condition of a maximum, 
that the first term of variation should vanish, 
gives the Jevonian equations of exchange, the 
demand'Curves of other writers. 

The second condition of a maximum, that 
the second term of variation should be negative, 
finds its fulfilment in certain well-known pro- 
positions which involve the conception of a de- 
creasing rate of increase, vis. the law of dimin- 
ishing returns, the law, or laws, of diminishing 
utility and increasing fatigue. 

For some propositions it is proper to take 
account not only of the ^n, but also the 
magnitude^ of the second differential of utility. 

Thus, when Prof. Walker is contending that 
ID case of any increase of product resulting 
from the introdtlction of any new force into 
industry,” the whole increment will fall to be 
added to the share of the working class, he 
argues, quite correctly upon his premises, 
that If tne improvement does not ’’ increase 
the amount of tools and supplies required in 
production ”~&tncc ’’there is no greater de- 
mand for capital in the case supposed— . , . 
there can be no irtcrease in the rate or amount 


let the prices of the remaining articles be p*, . . 

Let the quantities of oommodities bought or sold by any 
individual, say No. r, be Xn, JTri* • • eodi variable 

with its sign: p/us, if bought, rumuf, if sold. X^t the 



of interest” Journal 0/ Ec<m0mkt^ 

18S7, pp. 383, 284}. Analytically we should 


Fio 4, 


PP* 

find that the ’variation in the rate of interest 
doe to the disturbance of the equilibrium, say 
Ai, wa^ fodefiniteiy small as compared with 
the variaUoQ in the rate of wages, say Aw, 
becaushthe decrease in the rate at which the 
uliUty of capUkl increases is indefinitely great. 

The atgoment requires that this second oiffer- 
emkl shtmld be iofiniM at the position of 
emdlihrittih-^ pdst^ which may perhaps 
give us paose. 

CdmpuUC HSccsiakgx if the general 
CM! dt, aimptex exchange abpye 
We Adee Jiow sevemt instead 6f two, 
emegorw or dealm and eommodltii^ fn 
boith cases tqailibrinm is detei^mked hpon 
the WiitSkde timt eosh tfidbri^^ ssehs to 

Its men to the , ^ 

(i> tM hi a aumet k only One ;pnceli» s<7 

d (h) k flcdd, as4 aU whkm 

ia Soid k hoeght deskm end * Aithlea 

the fiMt ttkihle being tsken ni the meaanre of valne, 



Fi<3. s* 

advantage of the individual, regarded as a funedon of fik 
chases and •sa^, be . . . x>n). There k sch^ the 

system of values assigned to the variables for which this nmoUon 
U a mauimum, sAbjeet («) to the condition which foUows from 
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ihs aHov^ made ; jfry -f &c. + pmXt^ 

ak 0. in <» 4 i 6 r to daftortnino the mmcimam m^r anfaject to tilts 
cbodUkWi mv oWa (j9) by the cakalus of vnHatioiu (m - t j 
equatiOnlofthaflorm*- 

Wn/ /" \<fj^rn/ 

(with certain conditions os to the second term of varUtion). To 
which is to be added the equation (a). We have- thus n equa- 
tions relating to the rth individual. The same beinR true of 
each of the m individuals, we have in all mtt equations of the 
forms (a) and (j9)« We have also (7), from the condition that 
everything which is bought is sold, and conversely, n equations 
of the followiiig form : jtj, + jr,, H- &c. + jrm ^ o. 

But of the (in + ») equations of the forms (a) and (>) only 
(in + » ^ I) are indepradent, Forsadding tlm /n equations of 
the form (a) we have : — 


(xu + JTai + 
+ + JTa + 

+ Puix^n + + 


• + Xmi] 

. + x,„^\ 

• + XfiiH^ 


o. 


Now, if any (n ~ 1) of the ^uatjons of the form 7, say all 
but the r rst, are given, then in the last written equation the 
coefficients of . . , . /» vanish. Therefore the first equation 
of the form (7), viz. + &c. f Xmu » »lso given. W^e 

have thus wn -h (» — i) equations to determine wif + {« - i) 
quantities, vis. the x variables, which are tMn in number, and 
the (» “ 1) /’s. 

The great lesson to }>e learnt is this. The equations are 
simultarutHVf and their solutions dtterminaie. That the factors 
of economic equilibrium are simultaneously determined is a con- 
ception which few of the literary school have received. The 
reMcr Is referred to Prof. Walras's ^‘Leqon" la (“ Econ, 
Pol./' Mcond ed.) for a l^gthier exposition, and for a wore 
accurate one to Messrs. Auspuz and Lichen's Appendix IV. 

(/) CommercialCompetition.— A bstracting that chanp^e of 
occupations which Cairnes ascribed to industrial" as distin- 
guished from ** commerciar' competition (comp. Sidgwick's 

Pol. Econ.," book ii. cb. L), let us suppose that the .r's of the 
last note, which primarily denoted commodities ready for im- 
mediate consumption, include also agencies of production : 
(the use of) land, labour, and capital. We may conceive mire- 
prenenrs baying these nancies from landlords, labourers, and 
capitalists, and selling finished products to the public. We have 
thus the appropriate idek of rent, wages, interest, and (normal) 
prices deteimioed simnUanmisly (in the mathematical sense). 

In a primary view of complex exchange it is proper, with 
Jevons, to regard each portion of commodity sold, each native 
variably say - jr^t, as a deduction from an initial store, say 
(„• But when we consider producitoo, we regard ( as a func- 
lion of the outlay of the tnhtprtntur. Supposing that tlie 
fntr/premur confines himself to the production of a single 
oitiole, let the gross produce, in money, afler replacing 
capital, be fr{€r% L), where /r is a function depending on 
the individual's skUC eneivy, opportunities, &e., rr Is the 
amount of capital borrowed by him, and L the number of 
acres of a certain quality which he rents, the Pet produce is 
obtained by deducting from this quantity the payments m * 4*a 
where i is the rate <» interest and ^ is the rent per acre. Thus 
the advantage which the mirtfrenmr seeks to maximiae is Of 
the form«- 


fr) “ fry] * » • * ); 

whence ^ a 1 and ^ The first of these equatiotia ea- 
dcr dir ' 

presses a weibknown propoirition regarding the final ntmjhr of 
capital. The seomuf muatlon etqpresses a mas familiar condftlmi 
with reiqmct to the number of acres which will be rented .oh M 
ideal supposition of the bomu^enelty and divisibility of land 
afamIheiBftfginafoultitation. . , 

What, than, and where, ia the Ricardian theoyy of tentf Its 

iieSMmi r, wt land^ iMow the n&ffghk cdiMhiamlbr 

ncrttthei 4 «daln^ itwlkMlueM 

thein nquarkma <|Minu«iit iM the <|Uimi% of land ahoee the 


maffin is small as coUtpared Urith theimnber of apj^lcants^ and 
that d} is Ment^ with <«• x «, which are the coiMon 
Ricardian asaomptiona. The ^Idhy of thc^ asaumptloni aa a 
fiext approxiniacioo, the need of correetibn where greater 
accuracy is required (truths wbi^ some minds seem incapable of 
holding togetWh have been admlmbly pointed Out by Mt/ 
Sidgwmk (**Pal Econi/' book ii. cb, vU. fi a). The second ap« 
proximations made by him may be usefully expressed in the 
symbols which have b^ proposed, or rather in mose whi^ dm 
student may construct for himself. 1 dp not pat forward those 
which occur to me as the best— if, indeed, tnere is any abso- 
lutely best in the matter of expression. For some purposes it 
would have been proper to take atcount of the various dualities 
of land (as 1 have els^here done—** Brit. Assoc. Rep./’ 

For other purposes it would be well to put labour hired by the 
^^rvprefuttr as an independent variable. When this or any other 
varirmle is omitted, we are to understand that there is impUed 
the best possible arrangements with respect to the variablen 
which are not expressed. The nature of this implication is 
shown in the following dote. 

(^) So far we have been taking far granted that the 
prmeur does hU best, without reference to the motives acting 
^on him, the pleasures procurable by the sate of his product. 
Formally it would be proper to take account that the utility- 
fonction 4'r involves the say tr, explicitly, as fatigue 

diminishes advantage, and Implicitly, as exertion incieases pro- 
duction. Conesponding to the new variable we have a new 
equation, the complete diffimrential of with reference to say 

(^7 ) question how far effort 

should be regarded as an independent variable ; how far the 
essential principle of piece-work prevails in modern industiy. 

(4) Industrial Competition.— The condition that net 
advantages should be equal in industries between which (here is 
mobility may fhus be contemplated. I.et us put the advantage 
of an individual, say No. r, engaged in the occapation r as a 
function of his net income, the pri^ of the articles in which his 
expenditure is made, and the disutiUty of effort. Say ^,^(^*(#1, 
Wf. - . ^^r»\pupf * , - tfrt) S where ^ is a tttiUty-function, 
not necessarily the same for the same individual in dtfferent 
occupations, since his indulgences may with the nature of 
his employment ; fn-^a ^mbol not identical with the / of the 
last but one note— is the individuars net earnings in the business 
r, involving prices wj, x,, &c., of all manner of agents of pro- 
duction, involving also, os stated in note wfiort Zr, ; 

&c., are prices of articles of consumption as a mnetion of wt^h 
the individual's advantage may be obtained by means of 
equations (a) and ($) in note (/]— eUmlnaUng the quantities con- 
sumed. The last variable in the fonctipn ^ the expli^ Hr*, 
has a negative sign prefixed, to indicate that the direct effect H 
increased fatigue is diminished advantage. 

The equatum of net advantages imports that the advantage, 
Prr, of the occupation which die individual chooses is not loss 
than the advantage of any other occupation open to him. It k 

important to observe that for all occupations the complate dlffinr- 

ential with regard tor bserd } in symbols 

But this equation conveys no presumption that fhd finiifi db- 

utility in different oocuptttlons is the same that m 

The equation of final (BsaUllty holds only where efforts nml 
sacrifices are capable of behig allied in ''4ooas** to any wtlD>- 
her of oeoupations. The latter is the oefiy «nse| I tlutut, eott^ 
tei^Ialhd by Jevons in his anatyeis ^host of pieductinn 

tyory/' ch. v-L ^he UuiUi^, what llfiyaat in ^syruLtby 
saying ^t the cost of ptoduhnon of two aftMel is eqonL imK 
start from ^ght concepiioaB about final and. ,totnl atUity* JM 
Ibis is not place to up |be medldgamu fdo 
not attempt fiero to asehm ai^iiiatsirR%. bat Sm to Wsp 
tfule Ibfi maoMity of the swe ihnfiuugfi df itnutheoMki lo 
economical diseoimmsai ; 

a PROF. WALKm«t% TMtfpny oF f 
Iter's theory ^ ^UlOd In 0m 
Am eifiy* 
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piiiptvitot ifrUhoiit expmiing «n opinioti as to its accuracy. It opportunity hu any one memW of this clas$ an advantage as 
It lortunate tnot to have to take sides on an issue ooftcem- a^inst another. The heterogeneity of faculty wiU, of coarse, 
iai; the highest authorities are divided, and statistical introduce a graduation of gain, l^ut in this flight of steps it , U 

'^Monsiration U hardly possible. not necessaiy (hat the lowest should he on a level with thegrade 

Ikat, Utou|^ the exp^tor of method is not called to dispute 6f common lahour. The scale of profits may be a sort of Jacob's 
the tr^H of %is proposition, he has something to say against the ladder, culminating in a paradise of luxury, and having Us lowest 
^'OvkAence whk^ has dmq adduced in proof of it. He must enter rung suspended high above the plain of ordinary wages, 
a protest i^inst the form of the following argument ; — us suppose, however, that the writer has tacitly made some 

**tPt otir hypothesis be clearly understood. We assume, assumption as to the numbers of the ** numerous'* business class re* 
.first, that there is in a given community a number of employers, latively to the ** lam '* community (compare the parallel passages 
more or fewer, who alone are, by law or by custom, permitted in his ** Political Econonw,'* Arts.), Still, what does the cqd* 
to do the business of tl^ community, ... or else who are so | sideration of business profits as rent do more than the received 
exceptionally gifted and endowed by Nature for perfoVming this I principle of supply and demand? If the workmen, believing 
industrial function that no one not of that class would aspire i that in the distrioution regulated by competition too much has 
therelo, or would be conceded any credit or patronage should ! been assigned to brain and too little to muscle, determine to 
he so aspire. Secondly, we assume that neither in point of j reduce profits by means of a combination, should they stay their 
ability nor opportunity has any one member of this class an hand because they are told that profit^ (above the lowest grade) 
advantage as against another, . . .all being, we might say, j are of the nature of rent ? The terms rent *’ and margin"' may 
the exact copies of the type taken, whether that should involve i indeed suggest that the extra profits of the Mtx eHtrtpnneurs 
a very high or a comparatively low order of indu^tria) power. exactly correspond to their greater ability. It might seem that 
Now, in the case assumed, what would be true of business if, so to speak, we pushed down all the higher faculties to the 
profits, the remuneration of the employing class? I answer, level of the lowest grade of business power, the diminution of 
that if the members of this class were 


few, they might conceivably effect n 
combination among titemselves, and 
, . . fix a standard for their own 
remuneration. ... If, however, 
the community were a large one, nnd 
if the business class . . . were nu> 
. merous, such a combination . . . 
would be impracticable, ... the 
members of the business class would 
begin to compete with each other. 
From the moment competition set 
in it would find no natural stoppirg- 
place until it had reduced pronts to 
that minimum which, for the purposes 
of the present discussion, we call nil, 
“What, in the case supposed, would 
be the minimum of profits? X answer: 
This would depend upon on element 
not yet introduced into our problem. 
The ntUmate minimum would be the 
amount of profits necessary to keep 
alive a sufficient number or the em- 
ploying class to transact the business 
of the comidsinl^. Whether, how* 
ever, cottipj^tfen would force profits 
down to this low point would depend 
on the ability or inability of the em* 
ploying dans to escape into the labour- 
ing class. We have supposed that 
labourers could not become em- 
ployers ; but it does not follow that 
employers might not become labourers 
^ aniearn the wages of labourers. . . 



{QuflHerfy Journal of E<ommm^ 

1887, p. ayo and context). 

Trib reasoning will pux^ those who have received the abstract 
theory supply and aemand os formulated by the mathematical 
section [above, notes fn) and (^)]. Because the dealers on one 
aide of a marlmt, as tnO employers in the labour market, com- 
pete against each other without combination, it does not follow 
that dm advantage wbidi they obtain feom their baigsdns b nd. 
The minimum to which the play of competition tehtfejs not 
necessaiily *mail in the sense of a bare subaUtence. It b a 
mhtintumbttly in the. mathematical lense in whlcb position 

• of eqiiWbriiim is a^Mbdinum (of potential energy in physic# ; in 
; paycbfes^ may we hay, of potential utility)^ Stfe note (d). 
fiep^ating tim 

' OQ S)i where ibe abscissa measures work done, and the 
oidimme moeay Myahfoeut of the wages and profit fend, and 
pnttfeg 09 fitf the offer ctf the workmen, we see mat the point 
^ r my diw to any eatent liwm the ntfiby^curve 0 N» whidi in- 
. dioefes the adVimmge of a transaction [see note As far as 
Atbtsam the competing 

make vmy good They may be 

t ^ be, In fine pmse, 

jV t^ b^po^s point W nor 


the total distributed to the wages and profits fund would exactly 
correspond to the subtraction from the earnings of the degraded 
etdrepnmurSy while everything else remained constant. Con- 
versely, might be argued that the increment of produce due* 
to the existence of superior ability may justly be assigned as 
extra profit. 

But bow little appropriate is this precise conception will at once 
appear from the annexed digram. Let OE in Fig. 6 represent 
the eutnpr^eur's demand, <5W the workmen's oner of labonr, 
the abscissa repre^tentii^ work done, and the ordinate wages 
payable out of the wagea and profits funds (abstraction being 
made of interest smd rent for land). Let OE be formed by the 
snperpoidtion of Or^. the demand-curve for the lowest collective 
inlr^pftHiUf's^ and one or more curves, such as O/i, appertaining 
to the en^ropronturs of higher ability. Now let us shrink these 
higher natures to the sero of business ability. The individual 
demand^rve fer each degraded ontrtpnntuir will become iden- 
tical with that from which Or^ was formed (by the combination 
^ aH the demUnd curves for the lowe4 gmde). The wew 
demandwnrve will therefore be of the form OE' intersecting 
with OW at the point r\ (Whether the dliturbance will stop 
there win d^mid upon the nature of the oommunication between 
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a *' thiai not th 4 ' of Ability/ is the real keystone of the 
(«A-i .p- 17)> ttatA ibe point of view here taken (abdiM^ 
497) ttes aeoich for the ketone " among the factors of dls* 
ttipntkm IS neatly os hopeless os the speculaucrn of the ancieirts 
obnnt the real a/ or dawn. 

(/) BtTzaKmATitNESs OF Econo 
MIC EqviuBitiUM.— To investigate the 
pnsBihlUty of there being more than 
one rate of ei^change at which the sup- ^ 

j>l^ is just carried off by the demand, ^ 

w tie Consider the most favourable or, 
at leastf the most fomiliar case in which 

there may be two scales of production, X 

and therefore two series of terms on ^ 

whleb the producer is willing to deal 
—two ftuppl^curves. Let the two 
branches in Fig. 7 represent such a 
double supply-curve^ the ordinate de- 
noting price, and the abocissa the quan- « 

tltv of product which is offered a*, that Jr ■■ ■ — ■ ' ■ . 

price a certain Individual. Now, 
the essential idea or leading property 
of on individual su^rply-curve is that it 
represents the quantity which the indi- 
vidual will prefer to offer at any given 
"price. Hence the descending part of 
the branches, dotted in the figure, can- 
not form a genuine supply-curve. For 
at any point on that part of the !ocus 
it is evidently the interest of the indi- 
vidual to increase his production, price 
being constant. Sranle cquilibrinm, 
therefore, can exist only on the ascend- 
ing, the unbroken branches. The thick 
curve lines in the figure indicate the 
locus of greatest possible^ as distinguished 
from maximum^ utility. Suppose that 
at and above the price, conespond- ^ 
ing to the point It is the inter- • 
est of the producer to adopt the larger 
scale of produejdon. Up to that price 
his industrial dfimositions will be repre- 
sented the inner, «hrve ; reaching 
that point he wifi ^ibp from q to // and 
ascend along the outer curve. The locus 
of greatest posspfon'liii^y he called 
the genuine oiMIfeciive supply-curvt; 

A sunihrly shaped supply-curve mti^ 

exist for other producers. Suppose, now, > 

all these indivk uil eff ctive supply- * / 

•curves superpo ed, and we have the ef* / 

feciive supply-curve for the community, / 

SS^ which continually trends outwards. / 

This character is not annulled by the / 

existence of steps in the tract MN, / 

corresponding to the prices at which / 

the leap of each individuai occurs. J 

the demoiid-curve continually , / 

trends owtwidB Hke that In Fk* t (cp. j r / 

AtMpite Ueben). It ahouTd seem, / 

th^fofork. that iheotedcally on the / 

B^^HDfhfon tif enlightetied solfdntertst / 

thefo kl eidy one rate of exchange at , / :;y; ; 

Whl^ib Is lust equal to demand. , ' 

something to be / V/ ' 

on btfher aide- dfoppose 1;he jttttifr' / 
ftbw ,f IWtofSr td tnvolves f. 

dbd *^ecoiiii^ pot • / Jr 

A Bktle wkfontfon wdt ■ — ^ 


Oyrx should be a ma.n'wA>^;(^* ltecherches,'* Art. 25), or 
rather tht grtatdst possible. 'The iMuiion Is not likely to be 
indeterminate, except In the particular case where the nemond- 
curve is an equilateral hyperbola (contrast SidgWick, 
Ecirm./’ book ii. chap, il. 1 4). 





Ij ^ijZSiiuSiL ‘the, footte 


W foot thic 


U) 9 If* ^ 9 / ^ 

pi^fort the eurm of constant oatUfact ion, or fodilfetfin^^^ 

“ Thenrie der Frelw/* Appwdia 
raacioo) jPi^tWes/* p. OiiJ’drawn through O foC twoindiividwaU 
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or combimttons rospectivolv^ Then the hem of bfttgftlns 
wbMi it i not th« intereet of both turtles to disturb ir the 

("Math. «/.)• At what point, then, 

on this curve wiU ^the tranMCtion settle down ? If we aBSume 
that the conditions bf a market are retained, the required ^nt 
is at the intersection of the supply- and demand-curves, which Is 
on the contract-curve. That is the solution of Messrs. Auspitz 
and Liehen (“Theorie,**p. 381). It corresponds to the pnn- 
cipje laid down by Prof. Marshall for the action of arbitrators 
(referred to above in notr). But Prof. Menger, who has a 
numerical scheme equivalent to a rucUmentsnr contract-curve 
(** Grundfaize,’^ pp. 176-78), and Prof. Bbhm-OTwerk, referring 
to the * ‘ S^ehaum *’ afforded by the indetermlnates of bargain, 
recomipend to '^spHt the difference/^ Instead of “cQual/* 
** equitMi “ division has been proposed by the present writer— 
namely, that adjustment which produces the maximum of utility 
to all ebneerned ; not subject to the conditions of a market, but 
irrespectively thereof [equations {$) and (7), without equation 
(a) in note (r) above], the utilitarian arrangement, which also is 
represented b)’ a point m the contract-curve, say u in Fig. 9. 
Such might seem to be the ideally moM,sd^sirable arrangement ; 
but very likely the practically best, the wpaariii^ Is in the 

ne^hbourhood indicated by Prof. Marshall and Messrs. Auspitz 
ana Lieben. 


(m) Ths AusTtUN ScHOOt.— Prof, Monger and hts 
l^ers have expressed the leading propositions Sf the eoono^ 
calculus — the (aw of dlminishtog utility, the law of demau^. 
and supply, and so forth— by means of particular nuineri^ 
examples, supplemented with copious vethai eirplanation. T^lr 
success is such as to confirm the opiniap that the mathematlcid 
method is neither (futte indispensable nor wholly useless, mu 
mW fttc &mma, like most t cientihe appiiahce^N Couching 
that in the main the^ impart a saving knowledge of the 
true theorr of value. It may still be maintained that ^y 
occasionally emphasize the accidents of a particular example 
as if they formed the essence of the general rule ; that their 
explanations are excessively lengthy ; and yet thrlr meaning 
sometimes is obscure. For in^tance, Prof. Bdhm-Bawerfc 
may seem to attach undue imrortance to bis conception of 
the Grent/kiar. He illustrates the play of demand and supply 
by supposing a market in which on the one hand there are 
a number of dealers each with a horse to sell, and on the other 
hand a number of would-be buyers s Jahrbmk^ 

1886; **Kapiul,*" p. 211* cp. Mr. James Ponar'a excellent 
article in the QuarUrfy Journal of ISeonomict^ 1888), The 
latter are arranged in the order of their strength ; first, the one 
who is prepared to give most for a horse, the hi'^hest price 
which the second can afford is less, and so on. Parallel to this 



arrangement is that of the would-be s*llers; hrst, he who can 
sell cheapest, and 10 on. Upon this hypothesis it might happen 
that the nfth would-be buyer is willing to give a Utile more than 
^ the lowest figure which the tiUh would-bc seller will take ; while 
* the sixth on the side of the bayers is not willing to gave quite i^s 
much as the sixth horse-dealer stands out for. In tms case 8ve 
Imises only wUl be sold ; and the couple who are the last between 
whom a bargain is possible-*~buyer No, 5 and seller J^o. 5^ 
ebjoy a mighty distinction as the Gren%faar ; an honour which 
is to some extent shared with No. 6, the first couple between 
whom a bargain is impossible. 

Now this aitentioo 10 a particular couple is not always appro- 
priate. |low if the weakest actual buyer should prove to be, 
not buyer No. 5 but buyer No. I, ap to a Ptw 

Bdhm*BaWcHc« indeed, has thoughl of this case, and called 
attention to it in a note to his huer redaction (“ Kapital,** p. 
218). So far— althoagh the whole simplicity of the soheihels 
destroyed when wn permit second and third homes ip die 
different buyers and seUera-^thedonoeptiott of a “ limldug oouptb** 
may still be tetained. , It wUl be ibund, however, that th^Msa 
U Wot appromiate to the genthd etm of a divisible commodity^ 
whidi a single individw on one «ide of the market may bt^ 


from or sell to a laitte number on the other side. That jcnaral ' 

case is much more dearly represented by a diagram tike Fig. 10, 
where the inner tbin-llned curve* represent the dispositions ’ 
the individual dealer, the outer thick carves the collective supply 
and demand (ga. AuspUz and Liebdn, ^'Theorie der Prelse^^J. 
No deu^ Fr^ Bdhm-Bawerk^s conception is appropriate to a 
particulir case, that in which the khimh m^rj^t/hke 
^^tminhdb^ In the phrase of Mtsirs. AuspUs'and Lieben \ild 4 ** 
p. laj), it cpasiderable. But it is beueri^prHh those embent 
iheonsts, to begin with the general or, at the simpla case; 

As tut Instance of the excessive cirouinlbqstion in which the 
purely UitVary method is liable to be entailed, we may hotbe 
the domrine of objective wbd nsbjective value, which oceap<BS < 
many pages in the works which We have dted. T^baya baen^n- 
able to niid more in the distihetkm ^hat la vfsl^teon a > 
glance at the appiopris^e djagraim The jM^mdoid’s eglldpDiive 
ettbnate ^ wokh is eapm^ by ***- — 

prb^homl 
demaod* wad chi 
the 


ihb’ ^ ^ 
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prefi tiuttbtmatical tonceptiont (hat we are aometimei left in 
upneftainlty aa (<x oat amhor’a meaning. When Prof. B^hm* 
Bavretk remarks that there is something special in the labour- 
marieer, in that the buyer will vary hi« arrangements acoording 
to the price of the article, the rate of Interest ('*KapUah’* p. 

specify the property which Messrs. AuspiU am 
X/im^ have stated as geoerai-^bat the utility function [our 
Dote (e) above] Is dUcontinootts, being different for lar^ and 
small valves of the variable under consideration? 


These deficiencies are more conspicuous in other writings of 
the Austrian school. A glance at Fig, xo, an intuition of the ’ 
corresponding algebraic foriaulsct will ^ow that the notion of an | 
awra^ imported into the doctrine of value by Dr. Emil Sax 
{** StaatawiTthscbaft ") is not C|uite ai^roprlate. As an ins^ce in 
which great abridgment would be effected by mathematical ex^ 
presrion, We might notice the last three chapters of i>r. Zucker- 
kandFs Theorte der Preise/' Again the difficulty of conyayl>>(t 
technical propositions without the proper phreseoiogy may be 
illusttated by Prof, Wieser's ** Der naliiriiche Werth,'* when lie 
speakc of value and final utility having place in a Communistic 
or Socialistic State (p. 26, note, and petmm). May his meaning 
thus be formulated ? In an economical r^mc dialribution and 
exchange are regulated by the condition that the final utility 
of all concerned should be xero, the total utility a minimum, 
subject to the law that there should he only one rate of exchange in 
a nusrktU In a communistic or utilitatian rigime the limitation 
which the last italicised clause expresses is removed. In terms 
employed in oar note (e) the economical adjustment is determined 
by the equations (a), (f 3 ), and (y) ^ the utilitarian adjustment is 
determined by (ff) and (7) only-^in short, the distinction between 
the points r and n in our Fig. 9 referring to note (r). 

In offering these too brief criticisms I regret that my limits 
imi>ose a curtness which is hardly consistent with courtesy, 


SECTION G. 

MECHANICAL SCIENCE. 

Opening Address by William Anderson, M.Inst.C.E., 
President op tkbi Section, 

1 HAVE had considerable difficulty in selecting a subject which 
should form the main feature of my address. This meeting being 
held in Newcastle, It seemed almost imperative that ftabnuld 
dwell upon two industries which may be said to have their 
genesis nere 2 that ! should direct your attention to the extra- 
ordinary developmertt of the system of transmitting power by 
hydraulic agency, and the use of the same agency tor lifting ' 
enormous weights and exerting mighty pressures ; and that I I 
should not neglect to notice a manufacture of specially national 
importance — that of heavy artillery, and of ships of war sent 
forth fully equipped and ready to take their places in onr first 
line of defence. 

The desire which 1 felt of treating of these subjects was 
heightened by the opportunity which it would have afforded of 
paWng a tribute of respect and admiration to the distinguished 
ctrisen of this town, who, by his genius and perseverance, created 
the Elswick Works, raised the character of Brit^b engineering, 
and rendered hU country services so eminent that Her Majesty 
has Seen fit to Tveognue them by bestowing honours higher than 
any which ati engineer has hitherto been able to adiieve^ 

But 1 ft:lt that thh themes mentioned, important as th^y are, 
have been frequently treated of by able mem and that HirDtuld 
perHapt render mom service to Mechanical Science if 1 drew ytmr 
ftttenUon tod subject which 'appetm to me to bh bearBqt wUb 
daHy angtaentlng force on smctical manipulation & the 
materials used in ebnstructloa, 1 allude to the molecular sttne- 
turU of matter. Thh branch Of Sdeooe har, up to the pmseat 
time, been left very much In the hands of the diemist and the 
ohy^cim, and I dare say that m^y ft^neers may think that it 
h pf no means deslrahle to ^hge the arrangement ; hut I hope 
m snow ritm the pixigmmof eogmsmi^,, the mors exact meriiods 
of dSatki^ with the properties m m^eriila, the iaersaied deesands 
on ritmr ftowue of rendm ft impe»t1vofy necessary 

thm mechaito ShouM iaterete thamMSoS morn deeply m theft 

tfoe meahiag of tim hifts oyurhieli 

1m at Monteealy In hUaddrims m the Mathem^icol 

Bwhm iSft WBHam ThOTtuoe Sodk ftft ^ Stihtfsni the mtftatm 


constitution of matter, and discussed, in a most suggestive 
manner, the very structure of the ultimate atoms or molecules. 
He passed in review the theories extant on the subject, and 
pointed out the progress which had been made in recent years 
by the labours of Clausius, of Clerk Maxwell, of Tait, and of 
others, among whom his own name, I may add, stands h> 
unrivalled prominence. 

I will not presume to enter into the field of scientific thought 
and speculation traversed by Sir William Thomson, because 1 
am omy too conscious that both my mathematical knowledge and 
my acquaintance with the natural sciences is too limited to entitle 
the views which 1 may have formed to any respect ; I propose to 
draw attention only to some general considerations, and to point 
out to what extent they practically interest the members 01 this 
Section. 

In a lecture delivered at the Royal Institution last May, 
Prof. MendelecfT attempted to show that there existed an analogy 
between the constitution of the stellar universe and that of matter 
an we know it on (he surface of the earth, and that from the 
motions of the heavenly bodies down to the minutest interatomic 
movements in chemical reilftion^ the third law of Newton held 
good, and that the application of that law afforded a means of 
explaining those chemteal substitutions and isomerisms which are 
so characteristic, especially of organic chemistry. 

Examined from a sufficient distance, the planetary system 
would appear as a concrete whole, endowed with Invisible internal 
motions, travelling to a distant goal. Taken in detail, each 
member of the system may be inv(Sved In movements connected 
with its satellites, and again each planet and satellite is instinct 
with motions which, there is good reason to believe, extend to 
the ultimate atoms, and may even exist, as Sir W. Thomson has. 
.suggested, in the atoms themselves. The total result is complete 
eouilibrium, and, in many cases, a seeming absence of all motion, 
which is, in reality, the consequence of dynamic equilibrium, 
and not the repose of immobility or inertness. 

'fhe movements of the members of the stellar universe are, 
many of them, visible to the eye, and their existence needs no 
demonatratlon ; hut the extension of the generaliration just 
mentioned to substances lying, to all appearances, inert on the 
eanh^s surface is not so a parent. In tne case of gases Indeed, 
it is almost self-evident that they are composeo of particle^, 
so minute as to be invisible, in a condition of great indi- 
vidual freedom. The rapid penetration of odours to great 
distances, the ready absorption of vapour and of other 
gases, and the phenomena connected with diffusion, compres- 
sion, and expansion seem to demonstrate this. One gas 
will rapidly penc;tratc another and Mend evenly with it, even 
if the specific gravities be very different. The panicles of 
gases ere, as compared with their own diameters, separated 
widely from each other ; there ii plenty of room for additional 
particles ; hence any gas which would, by virtue of its molecular 
motion, soon diffuse itself uniformly through a vacuum will 
also diffuse itself through one or more other gases, and once so 
diffused, it will never separate again. A notable example of 
this is the permanence of the constitution of the atoiospherp, 
which is a mere mixture of gases. The oxygen and the nitrogen, 
oa determiiusd by the examination of samples collected all over 
the world, maintain sensibly the same relative proportions, and 
even the carbonic acid, though liable to slight local accumula- 
tions, preserves, on the whme, a constant ratio; and yet the 
densittes of these gases differ very greally. 

Liquids, though to a much less degree than gases, are also 
compoaed of particles separated to a considerable relative distance 
from eatdt oUier, and capable of unlimited motion where no 
oppoi^mg force, tuch os gravity, interferes; for under such 
Circumstances ttieir energy of motion is not sufficient to overcome 
the downward attraction of the earth ; hence they are constrained 
to maintain a level sorfttoe, 

Tfic occlusion of gases Without f ensibfe comparative increase 
of volomn ehows that the component particles are widely 
separated* Water, for example, at the fr^ering’ point ooeludtt 
above one and three-quarter times its own volume of carbonic 
oxide, and about 460 rimes its volume of hydrochloric acid, with 
an increase of volume, in the latter case, of only one-third ; and 
iulp^urjo acid abiprbs as much as 600 times its bulk of methylic 
ethW^ The quantity of gas occluded increases directly as the 
pressttte, which ,»eems to indioate that the particles of the 
occluded gas are as free in their movements among the panidea 
of the tiqura as they Woiild be in an otherwhe empty containing 
veaad. 
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Liquids^ tfamforei are porotts bodies who^ coOfftitueni 
parlideto have great (reedom of mntion* It k no wotlden 
oenaeqnemly, that two diuimUar liquids, placed in eoniact yrltb 
each other. fth<Mld interpenetrate one another ocimpleiely, if 
time enough be allowed : and this time, M tn^ht be eKneetedi 
i» eonaiderably greater than that required for the blenaing of 
gases, because of the vastly greater mobility of the partides of 
the latter. The diflfusioBt otliquids takes place not only when 
they are in actual contact, but even when they are separated by 
partitions a porous nature, such as pta^^ter of Paris, ungl^eo 
earthenware, v^etable or anhnal membranes, and cmloidal 
sabstwnces, alt of which may be perfectly water-tight in the 
ordinary sense of the term, but yet powerlew to ptieveat the 
particles of liquids making their way through simultaneottsly in 
both directions, 

"fhe rate of didusion increases with the temperature ; but an 
increase of temperature, we know, is synonymous with increased * 
molepnlar motion of tb^ body, and with increased activity of | 
this we would naturally look for more rapid interchanges , 
of the moving aroipa Such phenomena are only oonceivaWe on ! 
the supposition that active moleculai:' motion going on in an ' 
apparently still and inert mass. 

When we come to solid substances tlse twAt pheopmena ' 
appear. I 

The volumes of solids do not differ greatly from the volumes ! 
of the liquids from which they are congealed, and the solid | 
volumes are generally irreater. The volume of ice, for example, \ 
is one tenth greater than that of the water from whi^ It separates. 
Solid costdroh just floats cm liquid iron, and most metals behave 
in the same way ; consequently, if -the liquld't be ^»oraus the solids 
formed from them must be so aliio ; hence, as might be expected, 
solids also occlude gases in a remarkable manner. Flatinum 
will take up five and a half times its own volume of hydrogeh, 
palladium nearly 700 times, oeq^per :per cent., gola 29 per 
cent., silver 2i per cent of hydrogen Add V5 P«f cent, of oxyg^, 
iron from eight to twelve and a half times its volume of a gaaedus 
laixlure chiefly oompoaed of carbonic oxide. 

Not only are gases occluded, but they are also tnuMfured 
imder favourable conditions of temperature and pressqAa, and 
^vonMiqnlds cad make their way thnjugh. Ited hot iMih feabiv 
will permit the passage of gases through their aubitahOe with 
great readiness, common coal-gas under high pressure tratwplrei 
through the steel of the containing vessel, and it is wnil 
loiown that niercury will penetrate tin and other metaU with 
great rapidity, completely akering their structure, their properties, 
and even their chemical compositions. 

The evidence of the mobility of the atoms or molecules of 
solid bodies is overwhelming. Substances when reduced to 

g iwder, may, even at ordinary temperaiares, l)e restored to the 
omogenet^us solid condition by presi^ure only. Thus, Prof. 
W. Spring, some roe years ago, produced from the powdered 
nitrate'i of potusium and socTium, under a pr^ure of thirteen 
tons to the square inch, homogeneous transparent masses of 
slightly greater specific gravity th«n the original crystals, but not 
otherwise to be distlnemshed from them. More than that, from 
A mixture of copper htings and sulphur he pt>oduce4 tender a 
preasnre of thhrty-fbur tons per square inch, perfetAly homo- 
flptneous cuprous sulphide, Cu^, the atoms of the two olweats 
having been hvougm, by prewure, into so intimate a relation to 
‘^baGh4>ther that tiu^ were abie^o avrttfkge thenwelves into tnple^ 


or moleculek. Ih 4 he (wooasa of the manutouffe stpet pf 
oementatlon, or in oa8e luifd«nlo& the mere oontaot 01 1^ wUn 
solid sufbstsnccs Hoh kt car^bon is suiflidett to penq^ the UttW^ 
to work its way info the heart of the former^ while in the hwmW’ 
tion of malleable oastdwm the estbon makes Us way Wat of the 
i\ faculty ; it U a oomplefe case or dlfihalon^f 


tion of malleable oastdwm tbp eatbon makes Us way Out of the 
castings with equal facility ; it is a oomplefe case or dlfihaloa;^f 
solid substances tbrmi^b each other, but, on aecoent of the inferior 


cuie8;;M deflaite proportion; and, still more lemarkAbNu the 
caritftme dried powdtrrs of potoab, saltpetre, and acetate of eoda 
were; hr pfeUaure, caused to < x change their metalllo basha and 
form^^^mrate of soda and acetate of potash. 

tPt^aanie movements and changes have taken place, and are 
UtBl ,4olug on, in Nature's labfnatory. During she ocoiitlesa 
ages wfth wHihh geology deals, and under the enoiw^eiis 
pressures of superincumbent: tnaKses, stratified segmentary ho<^s 
poamti citataUimd and assume the appearaises of foi^ of 
,|Meons cekbir A(fd not only so, but recks of whateter widgiet 
^pnehlSd ana to pieces irretistlble geolqgicrd ^etm* 
atiUAt, recenwnUst themsoivys Into new loemi by virtue of the 
: aUU more wresSttible and coitstant actloii of esoluAUlar fosoef eod 
movements. Those who had 4ie privilege of hwatiag Sw* A. 

brilliaiOt lemure at^Um iustUmirm last seiU 
iWmomber Ihe ktrlkhig eerijeii of microscopic alidm WbfjpH be 
euhlblted, and by the aid of wlpeh he Ulostmted ^ e^on^iof 
mtwdmmto which ihavft aihoM* 

At h^ the same eflto# am 

duced on acoount of the greater energy of motion of ihe wsoms 


end restricted mobility of the particles at ordinary :tempeiatui)es 
a higher degree of beat , and longer time are needed than with 
liquids or gases. 

Again, when, by the agency of heat, molecular motion 
t<t raised to a pitch at which incipient fluidity is obmiapd, 
the particles of two pieces hremght into contact will ioter- 
penelTate or diffuse Into each otlm, ihe two pieees will umte 
into a homogeneoiu whole, and we can thus gvasp the luU 
meaning of the operation known os “ welding,*^ By the ordinary 
eoaraa^ methods Imt few substoners unke to this way^ beoanae the 
nature of the operaiioti prevents, or at any rate hindeia, the 
actual contact of the two tabstonces ;bat when moleevlar motion 
» excited to the proper degree by a current of eleciHcity; the 
faces to be joined can be brou^t into actual contact, the 
presence of foreign substances can be excluded, and many mcials 
not hitherto considered weldable, such as tool steel, copper, and 
aluminium are readily welded, as many of us witnessed at the 
hands of Prof. Ayrton in the highly instructive lecture on electricity 
delivered lost year at our Bath meeting. Again, a mere wper- 
ficial union of different metaU takes place readily under the 
influence of high temperature and moderate pressure, as we see 
ip the operations of (inning, soldering, and brsoiog. The 
surfaces of the metals must ^ made as clean possible ; the 
solder, which melts at a lower temperature than the metal to be 
soldered or brazed, is applied, and at a oomparativelY moderate 
temperature and under very alight pressure the particles inter- 
penetrate each other; the two metals unite and form an all % 
by the intervention of which the two surfaces are joined. This 
effect is very well illustrated by the action which takes place at 
the surface of contact of two dissimilar liquids. If brine, for 
example, be placed in the lower part of a glass tube, and *'r li- 
tmry water, coloured in some way, be carefully poured on the 
top, a sharp plane of demarcation will appear, but in a short 
time the plane of separado^ will become blurred, and will ulti- 
mately disappear, a local lading of (he two waters will take 
place, and will thus present a caoe of fluid. welding. 

It s^jps plain, therefore, that apparently inert solid masses 
are up of moving particles in dynamic equilibrium^ for 

withool'^^h an assumptaon It would he hard to explalU the 
phenomtma to which 1 have alluded. But in addition to this 
evidence we can adduek the effects of other forme ot energy, 
which we recognire under the names of radiant beat, ikbt, and 
electricky. These we know to be forms of motion which con 
be communicaled and converted from ont to the other, from tfm 
invisible to the visible. The movement which we term radiant 
heat, acting through (he instntmentality of the lumlnilerous ethet 
which is believed, on the strongest grounds, to pervade all apace 
and all matler, is competeoi; to augment the q^ntUy of luove:- 
ment in the particles of substances, and genecaBy to cause an 
enlargement of volume. Converaefv, when the particles, by 
loct or by radiation, port with their best, debar to uurnyundii^ 
objects or to opooe, tne quanlity of motion U reduced* (be bedy 
cosvtraots, and this contraction goes on down to tempamturea ibr 
below (hose at which we have to woik in practice, and oanee- 
quentlv at all ordinary temperHut^K there nutit be abnndant 

yoom for molecidaf motion- 

energy in the form of light operates changea in 
auwaee oC bodies, oauOing eotonm to fade, oad ifivkur to pnC^tp' 
g^hy^immarvellotMfmtmwldebftfK^^ Ugkt^conpoMe 
the carbooki acid of the wlmotpheit In 1^ nbiiWr^yll m MMb 
loaves,, and detcrmlites chemioia combkfdHdnS, an A as 
hydiogen to Ipym hydfoqbMfl eeid; w carbtmlOif^ 
cAlorlae Ho rnrm ^lopeeofhonk} Itjs 
those o|^ COM ^ wndtfCod omM fbe iMsdnleMit|f of Webt 
^ CQmpeinhftoiQodl&,id^ 
in ^ Mb 

A Miei^ 

Of jditt oe iodfiSs^ Itle 

; .compotemioinjiAlbe 

< in the edbi^ of heat 
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i>f ylwttttomtfiia connected wUH inagiiraittinn» findoetion, or tihe 
flumofi' MOfd ihrou^ bodkt, 

«» ia ilitv cm oC mdlsnt heat and Ugh£t, «»m$ to iitipiy tihe 
cnd^tettce of an ioteratoitthi atbier. ConveriNdy» jchaogw of mo!«- 
otftar bn^tRlu aboat hf tho action of tatornal foroM, 

froduco eorretpomUftR^angotiAeiectrical curveoU ! witiMu tht 
oHSecta of kcat, for oxampiftt on conductivity and the wondmos 
of molecater cha^ obtained By the aid of Prof* 
Haghet' iaduclion halaooe. 'Ae behaviour of exploiivea illos* 
tMlCs afoor and in a atrlking manner, the effects of diarnrbinR 
iaoicctila» eqtiiUbrinm, An explosive is a substance which ccmi- 
tains in itse% in a soUd or liquid form, aU the elements necessary 
to pKodaoe a chemical dtange by which it is converted into the 
gaaeous state. The application of heat, of pressure, or of im* 
pact, causes, as in Prof Sprine's expeHmenis, chemical union 
to take place, first at the spot where the equilibrium is disturbed 
by the appiicaUon of external force, and after u ards, with .great i 
rapidity, throughout the masa, the disturbance being propi&ted 
either bjr the a& surrouiuttng the particles or by the lumi^forous 
ether with all the rapldhy of light ; the chemical reaction is 
aoceleeated by the pressure which may arise, for example, if the 
explosive be conhned in the chamber of a gun or in the bore- > 
hole of a blast* High explosives, as they are termed, are com- 
paratively inert to ordinary ignition ; but when the molecular 
equilibrium is suddenly disarranged throughout the mass by (he I 
detonation of a percussion fhse, combination takes place in- 
stantly throughout, and violent explosion follows. In a similar | 
manner some gases, such as acetylene, cyanogen, and others, 
can be decomposed by detonation and t^ocm to their solid 
constituents. Prof. Thorpe has devised a very beautiful lecture ! 
experiment, in which carbon disulphide U caused to fall asunder ' 
into carbon and sulphur by the detonation of fulminate of mer- 
cury 6red by an electric spark. In these cases a reverse action 
takes piaoe, but illustrates equally weil the conversion of one form 
of energy into others, and the consequent distarbanoe of molecular 
equilibrium in the substaiices affected. It seems to me clear, there- 
fore, thait the time has come when the conception of dynutmc equi- 
iibrktm in the ultimate particles of matter in all its forms must 
take the place of the struttuial system of inert particles. 1 
cannot conceive bow the phenomena which 1 have enumerated 
can be explained on the suppositlotL that matter is built un of 
EnohiQiileasparticlesr--how, for examplit a stack of red andyellow 
bricks Qould ever chaiige the orderof arrangement without being 
completely pulled asunder and built up again, in which case an 
intaniiediate state of chaos would exist ; hot 1 can ea|^ com- 
piebend how a dense crowd of people may appear as ^ftenpact 
mass, streaming, it may be, in a dehnite dhection, a»#^t bow 
cpdh member of that mass is endowed with limited motion, by 
vimie of which he may push his way through wiibout disturbrng 
the general apnearauce ; bow the junction of two crowds would 
fom one whole, though, perchance, altered in character ; and 
how even Prof. Springs experiments may be explained by the 
supposkion that b^anders on the edge of a crowd would be 
forced, by external pressure, to form part of it and partake of 
its general movements. 

It is a suggestive fact that the product of the atomic weight of 
cartaita gronpe of substances and tbeir specific beats is a constant 
quanti^ whtcbf foe tb« greater number of the elements, doel 
not diner much from d'5. This impUes that the quantity of 
beat neoSasmy to raise the temperature of the atoms of any one 
of groups to any given extent is the same ( bonce these 
atoms will bei with the same amount of energy at ady 

given tewfierature, and th«r«fore would be emapotent to replace 
emdiotlter #tthmit dlMturbfog the geaesal draamic equillbnum* 

l^henltfoooneeded timt pervades tpacter 

hlidLits fofotis, lhat the soHd posses^ often iosbnsibly. Into 
tjia<4asd, or even direct ihlh the gaseousy it follows, almost of 
QoeinhltgrV ihdt tkkm mw he a b^ierHlamib the limits of which 
am dotenttUted W tftmpemteNte«|Ad>pmta^ whiolii sa^anoes 
are cbnstaidly cmmgmg fiwm ope state to anothetr This U 
ohaermhfo hn hot m a mom mmirnd dsitee m evapora- 

as and wfoni mv Ikptid state* Henri 

Stellite hi^ fo 


Stellite hite In 

) ho has foaw ihat:; sd Ohrtefo fomporattiies 

hi the 
the name 

oiy# 4#«nded the grnm 


I of dissociation at all temperatures, not only in the case of 
chemical uaionr, but also in that of solutions. 

If Steel be looked upon as a solution of carbon and iron/ then 
the hardening of steel is explained by the theory that dissocia- 
tion has taken place at the temperature at which it is suddenly 
cooled, the sudden cooling fixing the molecular motion at mun 
an sitmlitude or phase tfcat it gives a diaracterlstic structure, 
one of the properties of which is extreme hardness. In temper- 
I ing, the gradual communication of heat causes dissociation again 
I to lake place, the molecular equlUbrium is modified by the 
1 increased energy imparted to the particles, and when suddenly 
! cooled at any point there remains again a distinct substance, 

; composed of Iron and* carbon, partly in various degrees of 
solution and partly free, and again possessing special mechanical 
j qaalitiea, Tnal steel, and probably other allo)s, differ in the 
! nature of (heir composition according to the way in which they 
I are worked, both with respect to heat and mechanical pre^isure, 

I has been abundantly proved by many eminent metallurgi^is, and 
e^cdaily by Sir Frederick Abe), in tbe extended researches 
which he has recently carried out, on the hardening of steel, 
for the Institution of Metpanical Engineers, and it would 
appear as a nallp^ sequenoe^lhat the propei ties of steel would 
be greatly affec^ by the manner in which its temperature was 
changed, as we indeed find that it is when these changes are 
produced by baths of melted metals, i>y oil, or by water at 
different temperatures. The action which tales place may be 
illttstnited by wfaat would happen supposing that a complicated 
dance, such as the lancers, were suJdtnly stopped in various 
phases of the figures. 'Hie component parts would always 
remain the same, but the relative distribution of the jiartnevs 
would vary continually, and analysis would show that at one 
time each gentleman was associated with a articular lady ;Tnt 
another, that two ladies were attached to a single gentleman, 
while a number of gentleman had no partners at all ; and yet 
again, at another, tbat tq« movements which were once recti- 
linear have become ciraifor. In dach case the groups would 
assume a totally distinct appearance. 

In support of these views it may be stated that, as far as 1 
kiiow> na pure element is capable of being hardened or 
tempei^jl'lbe reason being that no chemical change can take 
place when there is only one substance ; the effect of heat or 
pressure, however suddenly applied, produces merely a change 
of form which does not appear to carry w ith it any correspond- 
ing alteration of mechanical properties. 

It may be urged, however, that it is unlikely that alloys or 
solutions could be affected In a manner so marked merely 
by small changes at comparatively low temperatures ; but f 
would observe that ** great and little'* are relative terms, and 
we have abundant evidence of the immenite effects produced by 
uhai would be called ** little " causes. Sir Frederick Bramwell, 
in his address last year, drew attention to the importance of the 
*‘next to nothing."” It is not so very long ago that anyone 
would have been considered a dreamer for propounding a theory 
: that the pretence of the fraction of a per cent, of carbon, phos- 
I phorus, or sulphur would totally alter the character of iron ; it 
' 18 known that the addition of one two-thousandth part of alu- 
minium to molten iron makes the pasty ma s as fluid as water 
that tbe presence of the smallest impurity in cop}!ier has a 
disastrous effect on its powers of conducting electricity ; and 
that the addition of one- thousandth part of antimony converto^ 
the **bext selected ” copper imollie worst conceivable. I need 
hardly allude to the great part played in Nature by microscopic 
orgaoEsms, and how much of the beauty of our seas and rivers is 
derived from substances so minute that nothing but the electric 
beam of Prof. Tyndall is capable of revealing their presenitek 
There Is ofle more eircumsiance connected with my subjcai to 
which 1 must draw your attention, because, though its application 
to the taecfeinical properties Substances is very recent, it 
promises to be of great importance. I allude to tbe periodic 
tew of Dr. Mebdelecff. According to that Jaw, the elentente^ ’ 
arrani^ In the ordat* of their atomic weights, exhibit an evidenf;^ 
periodicity of properties, and, as Prof. Camelky has observed;; 
the properties of the compounds of the elements are a periodic,^ 
function of (he atomic weights of their constituent elements. 
Acting (Mrtbese views, Prof, Roberis- Austen has recently devoted 
mdeb tinte 1^ labour to testing their exactness wkh teforenct^ 
10 the properties of metals. The investigation is 

surrounded % exiranwlnaiy difficuHtes, because one of the 
esteffrial foidnr«s 6f tlip intpdry is that the metals ojrmated on 
aktteki he absohitely pure/ For chemicaJ researches a fewgrains^ 
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of a iHilaitantie are all that U needed, and the reauiaite parity can 
be obtdlnnd at a looderate cost f»f time and latour \ but v^ben 
inedinidcal propertiee have to be determined considerable mau»es 
are neededi the funds necessary for obtaining these are 
beyond the reacn of most private iadividaals. I canihot help 
suggesting that wealthy institutions such as many of those con- 
nected with our profession, could not employ their resources 
more wisely than in giving the means of following up the 
researches which Prof Koberts- Austen has inaugurated. 

In view of the difficulty of obtaining metaU of sufficient purity, 
he selected gold as his bas^ because that metal can be more 
readily brought to a state of purity than any other, and is not 
liable to oxidation. In a communication to the Royal Society, 
made last year, he shows that the metaU alloyed with gold which 
diminish its tenacity and extensibility have high atomm volumes, 
while those' which increase these properties have either the same 
atomic volumes as gold or have lower ones. The inquiry has 
only just been commenced, but it appears to me to promise 
results which, to the engineer, will prove as important and as 
fniitffil of progress as the great generalisation of Mendelee6r has 
been to chemists. A law which can not only indicate the exist- 
ence of unknown elements but vi^tikh can also define their 
properties before they are discovered, if capable of application 
to metallurgy, must surely yield most valuable results, and will 
make the compounding of alloys a scientific process instead of 
the lawless and haphaziard operation which it q now. 

The practical importance of the views I have enunciated are, 

1 think, sufficiently obvious. Everyone will admit that an 
external force cannot be applied to a system in motion without 
affecting that motion : consequently matter, in whatever state, 
cannot be touched without changes taking place, which will be 
more or less permanent. The application of heat will cause a 
change volume, and, at last, a c^nge of condition; the 
applicatioa of external stresses will also produce a change of 
volume ; and U is natural to infer that there must be some relation 
between the two, an4 accordingly, Ih’of. Camclley has drawn 
attention to the fact'*’' that the most tenacious metals have 
hmh melting-points, though here agalu there is a great wtot 
01 exactness, partly on account of the difficulty of mt^ring 
high temperatures, and partly by reason of the scarcity^ pure 
materials. 

Again, long-continued stresses, or stresses frequently applied, 
may be expected to produce permanent changes of form, and so 
we arrive at wliat in termed the fatigue of substances. Stretched 
beyond their elastic Umits, which limits 1 do not suppose to exist 
except when stresses are applied i^tokly, substances are perma- 
nently deformed, and the same effects follow the long applica- 
tion of heat. The recurrence of stresses, even of those 

within the elastic tiihic, causes changes in the arrangement 
of the mqltecules of substances which slowly alter the pro- 
perties of the Utter, and in this way pieces of machineiyt 
which theoretically were abundantly strong for the work they 
h«d to perform, have failed after a more or less extended period 
of use. The efiect is intensified if the stresses are applied eitd- 
denly, if they reach nearly to the elastic limit, and if they are 
imposed in two or more directions at once, for then the mole- 
cular disturbance becomes very intense, the internal equttibriutn 
is upset, and a tendency to rupture follows. Such cases q(^ 
in artillery, in armour-plates. In the parts of matdxinery sucd^ct 
jto impact ; and, as might be cxpectea, the destructive effipets do 
hot always appear at once, but often after long periods of 
time, 

When considerable masses of metal have to be mantpulafed 
by forging or by pressure in a heated condition, the snbseqaent 
cooling, Of the ma» impose; restricLions on the free movement of 
some. If not all, of the particles ; internal stresses are devek^>ed 
which slowly assert themselves, and often cause unexpected 
failures. In the manuftutiire of dies for coining purposes, of 
chilled rollers, of shot and shell hardened in an unequal manner, 
epontaneous fractures take place without any apparent cattse| 
and often after long delay, the reason being tluu the constrained 
mblectdar motion of the inner articles gradually extends the 
motion of the outer ones ^tli a solutToh of continuity is 
cabsed. 

Simitar stresses occur in such mtisei as crank thafts, sormv 
shafts, gun hoops, &c, The Ute General Kbilakootsky, some 
sevmueen ybars ago, commenced a syetem^tic kvesclgation into ^ 
the Internal stresses in the tttbgs and hoops of guns and in 
armour-pierchig shells. The method he ptUnaied was. to ent disks 
or rings about half an inch thick ofiT (he hoojM nnd fhells, 


to divide the metal of each disk into from four to six rings, to fix by 
meansof silver ^gs, on which very finely marked oross-lineevVem 
dnwn, from four to emht points on the lurfaoe of each ring, and 
then to measute, with extreme exactness, the changes in dia- 
meter produced in every ring by the successive cutting out of the 
rings. Knowing by direct tests the mechanical properties of his 
material, he was able, from the changes in the diameters, to 
calculate what the tan^tial stresses in every part of each disk 
were, and to draw Infisrenoes as to their fitness for the work they 
were intended to nerform. The same method of investigation 
has been pursued ov Captain Noble of the Elswick Works, and 
by Lieutenant Croxier of the United States Artillery, with the 
practical result that probably much more lUteation will be pdd 
tn future to the principles on which the annealing and hardening 
of steel is carried on. A hoop or tube, to be in the best 
condition to resist a bursting stress, should have its inner surface 
Tn a state of compression, and Its outer in a state of tension, and 
the Imps should be shrunk on to the tul>es or on to each other 
with but very little pressure. General Kalakoiitsky proposed, 
in order to set up mneficial internal stresses, that tubes which 
were being annealed sboaM be cooled from the inside by a iet 
of steam, of air, of water, or of oil ; and he advocated the practice 
of testing the effects of each new method of manufacture or of 
treatment by the careful measurements of slices of the finished 
material Instead of working at random, as is still very much 
the practice. It is evident, also, that a sample of steel cut out 
of a gun hoop or crank shaft, and tested, can afford no indication 
of the available tenacity of the same sample in si/u. When 
released from the constraint of its surroundings, the particles 
must, of necessity, change their condition, for the disturbing 
forces have been removed ; and the probability is that, if the 
steel be good, the test will prove satisfactory, especially if some 
time be allowed to elapse between cutting out the sample and 
testing it, and a false security will be engendered such as has 
often Ted to disastrous results. 

The infiuence of time on steel seems to be well established ; 
the highest qualities of tool steel are kept in stock for a 
considerable period ; and it seems certain that bayonets, swords, 
and guns are UaUe to changes which may account for some of 
the unsatisfacLory results which have manifested themselves at 
tests repeated after a considerable interval of time. As all thm 
thii^ We been hardened ind tempered, there must necessarily 
have been considerable constraint put upon the freedom of 
motion of the particles, this constraint has gradually been over- 
ootne, the expense of the particular quality of the steel 

which k Was ort^nally intended to secure. 

I have now laid b«ore you the views respecting the consti- 
tution of matter which I think are gaining ground, which explain 
many phenomena with which we are farmliar, and which will 
serve as guides in our treatment of metals, and especially of 
alloys ; but I must admit that the subject is stiU by no means 
clear, that a great deal more definition is wanted, and that we 
are still awaiting the xdvent of the man who shall do for 
molecular physics what Newton did for astronomy in explaining 
the structure of the universe. 

Ooe of the most remarkable features of the last thirty years is 
the introduction of petroleum, and the wonderful development 
to which the trade in it bat attained- 

Under the generic name of petroleum are embraced a vast 
variety of oouihinattons of carbon and hydrogen, each of which 
is distinguished by some special property. At ordinary tempera- 
tures and pressures some are gaseous, some are liquid, and some 
solid, and most tre capable ctf being modified by soltafale treat- 
ment under various temperatures and pressures. The employ* 
ment of .petroleum in the arts is stUl extending rapidly* Used 
originally for iUiiminaling purposes, it is now employed as &el 
for heatmg furnaces aftd stemn-boilers; as a workm agm ia 
heat -eoglnea ; valuable medieinel properties have been ducovened ; 
and as a Ifibricant it stands uf^valWov 

As an ilinmliiant* evien in rais eountry, it is, to a laqsenxtent; 
superseding every olhier in private houses, and even mj pftWe 
lamps, beciBuse it dffs a eheaper and .more brilliant riian 
ofdiaary midMvei the eoniamer free from the tyianny of 
great as^priyilegnd companieif w > 

As fuel it is eaperiaiV convenleiitr deanlyv and econpmM- 
'Storsd U ypvayed 

furaahe whHont hd^nr an^ widkent cremln^ dnsf Jdtd 
it is mpeqjbaiy eowy^rient in looemaUya aad mmta ^ 
aoccHmtof thesnptd|ftyi«ape/and>l^^ wibb 
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W into tbe tender or into the oil-bunker» of n ship. ^ n 
egotit in he&t-oogtnei ft ts employed in two wkys. 
Fitet w ve^nr, Jgienenued ffom Ih^uld petroleum confined 
in n boUer* Vetr moch in the seme way as the va^wur of water i« 
lAied in an engine with surface condenser, tiie fuel for producing 
the vapour being also petroleum. Vety signal success has been 
obtabM by hfr. Yarrow and others In this mode of using mineral 
oil, especUdly for marine purposes and for engmes of small 
power; there seems to be no doUbt (hat by using a highly voU* 
file spirit in the boiler a given amount of fuel wilt produce 
double the power obtainable by other means, and at the same 
time the machinery will be lighter and will occupy less space than 
if steam were the agent used, The other method is to inject a 
very fine spray of hot oil, associated with the proper quantity of 
air, into the cylinder of an ordinary gas-engine, and ignite it 
there by means of an electric spark or other suitable means. 
Attempts to use oil in this way date back many years, but It was 
not till 1SS8 that Messrs, Priestman Brothers exhibited at the 
Nottingham Show of the Royal Agricultural Sodtty ah engine 
which worked successhilly with oil, the fiashi{^*point of which 
was highCT than 75"* F,, and was therefore within the category 
of safe oils. The engine exhibited was \ery like an ordinaiy 
Otto gas-engine, and worked in exactly the same cycle, A pump 
at the side of the engine forced air into a sn all receiver at a few 
pounds* pressure to the square inch. The compressed air, 
acting by means of a small injector, carried with it the oil in 
tlie form of fine spray, which issued into a jacketed chamber 
heated by the exhaust, in which the oil was vaporized. The 
iniimled air and oil was thus raised to a temperature of about 
300 , and was then drawn, with more air, into the cylinder, 
where, afler being compressed by the return stroke of the piston, 
it was exploded by an electric spark, and at the end of the 
cycle the products of combustion were discharged into the air 
after encircling the /pray chamber and parting with most of 
their heat to the injected oil. The results of careful experi- 
ments made by Sir William Thommn and by myself on different 
occasions were, that 1*73 pound of petroleum was consumed per 
brake- horse power per hour ; but the com bunion was by no 
means perfect, for a sheet of paper held over the exhaust-pipe 
was soon thickly spattered with spots of oil. 

At the Windsor Show of the Royal Agricultural Society 
this year, Messrs. Priestman again exhibited improved forms of 
their engine; the consumption of oil fell to 1*3$ pound per 
brake-horse fiower per hour, and a sheet of paper held over the 
exhaust remained perfectly clean. They also snowed a portable 
enfi^ne of very compact construction, and quite adapted (o agri- 
cuUural use ; the omioary water catt^ which has, in any ctse, to 
attend a portable steam-engine, being adapted to supply the 
water necessary to keep the working cylinder of the engine cool. 

It is hardly necessary to state that the use of petroleum for 
furnace purposes of alt kinds is increasing very rapidly, and the 
demand has naturally reacted on the supply in promoting im- 
proved means of tiunsport ; and Newcastle, ^ain, has led 
tho van in this matter, for Sir William Armstrong, Mitchell, and 
Co,, Messrs. Fainter, and others have sent out a Beet of steamers 
construoted^o carry the oil In bulk with perfect safety, both as 
regards the stowage of a cargo so eminently shifting, and with 
remet to riih from fire and from explosion. 

Tlw enormous consumption of petroleum and qf hatu^l gases 
ftequenily raises the question as to the probablUty of the proxi- 
mate exhaustion of the supply ; and, without doubt, many fear 
(o adopt the use of oil, from a feeling that if such use once 
beoomes geiiersd the demand will exceed the production, the 
price will rise indefinitely, and old methods of illumination* and 
old fmnns of fuel, will have to be reverted to From this point 
of view It is most intetesting to inquire what are ihe prohabliitles 
of a coudnuoni supply ; and such an investigation leads at once 
10 the question, ** what is, the origin of pettoleum ? Xn the 
yedr I0W, Prof. Mewdefleeit undertook to answer this question ; 
aiid U his theory *|HE>eara to be ym HUte known, and has 
never been My set forth in the langmijger 1 trust you 

WHI IOijgivO me for laying a matter so hiteeestw before you. 
Xkr* Meidiriee^ commeii^ hii emi^ hf ^ stotembt thnt most 
ptffsqmiosstimOi without anyepttridlmSM^^ perheps, 

4 ^ ehomicitf like cA has i 

tWbfo Orijp. He combats thU hyiMhMi 0^ bid* ia 
thw M that naphtha taasi% in too 

It 

hMdee It would have hyanWded ; her o^r f sea 
heOAM hhve Boated and mm dissipated 


by the same means. In the next place, he shows that naphtha 
must have been formed beneath the very site on which it is 
found ; that it cannot have come from a distance, like so many 
other geological deposits, and for the reasons given above— 
namely, that it could not be water-borne, and could not 
have flowed along the surface, while in the superficial sands in 
which it is generally found no one has ever discovered the 
presence of orgsmsed matter in sufficiently large masses to have 
served as a soorce for theenorpions quantity of oil and gas yielded 
in some districts; and hence it is most probable that naphtha 
has risen from much greeter depths under the influence of its 
own gaseous pressnre, or floated up upon the surface of water, 
with which it 18 So frequently associated. 

I Tlte oil-bearing strata in Europe belong chiefly to the Tertiary 
' or later geolog^Cfu epochs ; sp that it is conceivable that in these 
I strata, or in ihoae immediately below them, carboniferous 
i deposits may exist and may be the sources of the oil ; but in 
I America ana in Canada the oibbearln|r sands are found in the 
j Devonian and Silurian formations, which are either destitute of 
I organic remains, or contain (hem in insignificant quantities. 

Yet if the immense masses of hydrocarbons nave been produced 
I by chemical chaises in carbohi/erous beds, equally large masses 
; of solid Carboniferous remains must still exist ; but of this there 
j is absolutely no Evidence, while cases occur in Pennsylvania 
where oil is obtained from the Devonian rocks underlying com- 
' pact clay l^s, on which rest coal -bearing strata. Had the oil 
; been derived from the coni, it certainly would not have made its 
: way downwards ; much less would it have penetrated an im- 
I permeable stratum of clay. The conclusion arrived at is, that it 
I is Impossible to ascribe the formation of naphtha to chemical 
I changes prcduced by heat and pressure in ancient organized 
i remains. 

One of the first indices to the solution of the question lies in 
! the situation of the oil-bearing regions. They alwaysmccur in 
the neighboui’hood of. and run parallel to, mountain ranges, — 
as, for example, in Pennsyivama, along the Alleghanies; in 
Russia, along the Caucasus. The crests of the ranges, formed 
originally of horizontal strata which bad been forced up by 
internal pressure, must have been cracked and dislocated, the 
fissures widening outwards, while similar cracks must have been 
formed at the bases of the ranges ; but the fissures would widen 
downwards, and would form channels and cavities into which 
naphtha, formed in the depths to which the fissures descended, 
would rise and manifest itself, especially in localities where 
the surface had been sufficiently lowered by denudation or 
otherwise. 

It is in the lowest depths of these fissures that we must seek 
the laboratories in which the oil is formed ; and once produced, 
it must inevitably rise to the surface, whether forced up by its 
own ^nt-up gases or vapours, pr floated up by associated water. 
In some instances the oil penetrating or soaking through the 
surface layers loses Us more volatile constituents by evaporation, 
and, in consequence, deposits of pitch, of carboniferous shales, 
and aspbalte take place ; in other cases, the oil, impregnating 
sands at a lower level, is often found under great pressure, and 
associated with forms of itself in a permanently gaseous state. 
This oil may be distributed widely according to the nature of 
the formations or the disturbances to which they have been sub- 
jected f btit the presence of petroleum U not in any way oooriected 
wkh the geokigfcal age of the oil-bearing strata ; it is simply the 
result of lyrical condition and of surface structure. 

Accjoraing to the views of Laplace, the planetary system has 
been formed from incandescent matter torn from the solar 
equatorial regions. In the first instance thU matter formed a 
ring analogous to those which we now see surrounding Saturn, 
and consisted of all kinds of substances at a high temperature, 
and from this mass a sphere of vapours, of larger diameter than 
the earth now has, was gradually separated.. The various 
vapours and ghses which, dUTused through each other, formed 
at first an atmoifphere round an imaginary centre, gradually 
asstttUed the form of a liquid globe, and exerted pressures incom- 
parah^ higher than those which we experience now at the base 
of our present mmospherc. According to DaUon*s laws, gases, 
whan dilMad through each other* behave as if they were 
separate; nance the lighter gases would preponderate in the 
outer oT the vaporous globe, while the heavier ones 

Would aocumqmte to a larger extent at the oentral pordon. and 
at fhtt same time the gates circulating ftom the cantre to the 
cbfeumferflhee would expand, perform work, would oocfl In 
edn^uence, aadat some period would assume the liquid or 
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«ven the solid state^ just m we find the vi^>our of water diffused planets^ aad a Ut^e j^ppetion of iediKde iron ^ 
tWvgh oer prescd^ attnoiphere does now, Tint which is |riie empOfiitidti. pto pit h»^idetSr in the j»me Mn ps 
hf changes of physical condkiOo, Henri Ste. Claire I>evnie» in Oast^itron-Htmit pio a pert of theoip^A is fioe Mm h 
hi4 bntiiant theory of distociation, has ahown to be equally true ia in efa«enit»d ftnidip wBh the iron* It h*ir been 
with respect t<^ chemical chaofit^ * ^nd (be yooUng of the ’■rapours that all tppaltft contain iron^ and baaaUa are nothiiu^. naops ihan 
forming the earth while fn its gaseous condition was neceisarily lavas foTc^ ^ vplcaefo ehiptions ftom the heart Of the eac^ to 
accompanied by chemical conibinations. which took place its auHaoe. The^iameoanses may l^ve led tn the eaUtonco/of 
chiefly on Che outer surface^ where oxides of the metaU were combinati^na of c«ri>0Q with other metidt^ , 
formed ; and as these are generally less volatile than the metals The process of the formation of petroleum seems to be the 
themselves^ they were precipitated on to what there then was of following is generally admitted that the crust of the earth is 
liquid or solid m the earth, in the form of metallic rain or snow, very thin In cQihpatisQlp with the diameter of the latter* and 
and were ag^n probably dec^posedt in part at least* to their that this crust fomcaes soft or fluid snbitancesi atpong Whkh the 
vaporous condition. The necessary consequence of this action carbides of iron nad of other metals And a .place. Wheq^ in 
1$ that, the inner regions of the earth must consist of substances consequence of cooling or some odier cause, a Assure takes ^ace 
the vapours of Vhicn have high specific densities and high mole* through which a ntountain range is protruded, the crust or the 
mtlar weights — (hat is to say, composed of elements ha^ng high earth is bent, flseuree ate formed ; or, at any cate^ the 
atomic weights— and that the ikavier elementary substances continuity of the rocky layers is disturhedi and they are 
would collect nearer the centre, while the lighter ones would be "rendered more or less porous, so that sudace waters are 
found neater the surface. Our knowledge of the earth*s crust able to make (heir way deep ini-o the bowels of the earth, 
extends but to an insignlflcant distance ; yet, as far as we do and to reach occasionally the neated deposits of metallic .car- 
know it, we And that the arrangement above indicated prevails. bide:i, which may exist either in a separated condition or bfonded 
Hydrogen, carbon, nitrogen, oxygen, sodium, ma^esium, with other matter. Under such circumitances it is easy to see 
aiuchinium, silicon, phosphorus, sulphur, chlorine, potassium, what must take place. Iron, or whatever other metal may be 
calcium — substances whose atomic weights range from t to 40 — present, forms an oxide with the oxygen of the watm* ; hydrogen 
became condensed, entered into every conceivable combinatton is either set free, or combines wiUi the carbon which was 
with each other, and produced substances the specific gravity of associated with the metal, and becomes a volatile substance ->* 
which averages about ai, never exceeds 4, and are found near that is, naphtha. The water which had penetrated down to 
the immediate surface of the globe. the inctndescent mass is changed into steam, a portion of 

Qut the mean specific gravity of the earth, as determined by which finds its way through the porous sul^tanceE with which 
Masketyne, Cavendish, and others, certainly exceeds $, and the Assures are flUed, and carries with it the vapours of 
conf^uenUy the inner portion of our globe must be composed the newly formed hyd>^carbona, and this mixture of vapoUrs 
of suhitnnees heavier than those existing on the surface, and is condensed wholly or in part as soon as it reaches the 
such are only to be found among the elements with cooler strata. The chemical composition of the hydrocarbons 

high VitcMhm heights. The question arises. What elements of produced will depend upon the conditions of temperature and 
are we likely to And in the depths of the earth? pressure under which they are formed. It is obvious that these 
In the place, aince gases difluse through each other, a mny vary between very wide limits, and hence it is that mineral 
certain proportion of the elements of high atomic weight will also oils, mineral pitch, ozokerU, and similar products, differ sq greatly 
be found on the surface of the earth. Secondly, the elements from each other in the rdative projX)ftlons of hydrogen and 
forming the belk of the earth must be found in the atmo- carbon. I may mention that artincial petroleum has been 
sphere 6f the sun— if, indeed, the earth once formed part of its frequently prepared by a procem analogous to that described 
atmoq^ihere ; and of all the elements, iron, with a speelAc above. 

gravity exceeding 7, and with an atomic weight of 56, cotre- ^such is the theoiy of the distinguished philosopher, who 
spends best with these requirements, for it is found in abundance has framed it, not alone upon his wide chemical knowledge, but 
on the surface df the earth ; and the spectroscope has revealed also upon the practical experience derived from visiting ouicialiy 
the veiy m^ked presence of iron in the sun, where it must be the principal otbproducing districts of Jalmrope and America, 
partly fa the fluid and partly in the gaseous state ; and oon- from discussing the subject with able men deeply interested in 
sequently iron in la|ge ma^s must exist in the earth ; «o that the oil industiy, and of collecting all the available literature on 
the mean speciAc gravity of our planet may well be j, the value the subject. It is needless to remark that Dr. MendeleelTs views 
Which has been dekrmined by independent means. are not shared fay every competent authority; nevertheless the 

It is not easy, however, to define in what condition the mass remarkable permanence of oil-wells, the apparently inexhaastfole 
of iron ^hlch must exist in the heart of the earth Is likely to be. evolution o( hydrocarbon gases in oertatn regions^ almost force 
Iron is capable of forming a vast number of combinations, de* one to believe that the hydrocarbon products must be forming as 
pending Uuon the relative proportion of the various elements fast as they are consumed, that there is Jitde danger of the 
present llittS, in the blast-AirUace, oxygen, carbon, nitrogen, demand ever exceeding the supply, and that there il every 
calcium, silicon, and iron are associated, and produce, under the prospect of oil being found in almost every portion of (hesurfoce 
acdon of heat, besides various gases, a carburet of iron and slag, of the earth, especially in the vicinity of great geological disti^b- 
the latter containing chiefly silicon, calcium, and oimen-^hatls ancea Improved m^hods of boring wells wul enable gieater 
to say, subatonces similar to those which form the bulk of the depths to be reached : and it should be remembered thab Apvt 
surface of the earth. But these same elements, if there be an from the coat of linkihg « deep weUi there is no eapense 
excess of ostygen, will not yield any carburet of iron ; And the in working at great djUKhs/ beoanse the oil generally rUes to the 
same result will follow if there be a deficiency of Silicon aud sutface or pear it', the extraordinary pressares, ambi^ting fo 
cafolum, because of the large proportion of oi^geu they 300 pounds pr square which have been measured in fofoe 
hppfDpdate. In the same way, d^adng the cooling of eaitb« wells ssiem fo me to yfold con 4 neive e'^idepce pt foeiipp^rmea* 
if ojmeA, carbon, and iron were assorted, and if tim carbon biUty of tl» strafo fimm^imder which tbp aa has 
were m excess of the oxygen, the greater part of tlm cayben andbmd to confirm Ihe view that! ^ must have been formed 
would esc^ fn the gaseous state, while the remaiumgiket would iu tm^ods for befow any which could have coiitfoiiied 
unite wkh the iron. It U certain that, In Uw heart of tlfo earth, fomaias. 

there must have been a deficiency of oxygen, because of ifo low . 

specific gravity ; and the argument is supported by the foct that The weights apd. memmi fo urn in dUs eophtiy am^ A 'aamwe 

free oxygen and its Compounds with the Ifomcr elemmits of eoojjfoetntde fo<we tied eonfoimm ^ 

abound on dfo suirface. Farther, ft foust be ptwmmbd ttofoiiCh emppUjcafod a tfofomw of 

of the iron extsHng at great depths must be ooveied losifo ^ : local jfoHsom M m sO ^ pOt 

imsfocM from <mygen %ja ooa^ Wag; so that, oil % 

thme eonsldemtlom info decount,'' it > A%stakay;ifo% 

that deep down in tlfo egrth there eidst luge massCe Of fron in » lb 
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utttt of ixit^tiplM hy imit of }?etgfrt-^«ii<i 

Ormiit tim or 31.000 tiHio» the foat^p>ttnd. 2s gene- 
( ooi the dftmciuty lies in cleiermming how the 
SSiW^ w to he eppilsd^ 'j^ns, in the esse of a water-motor* 
the p^er be calculated by the energy latent In the fallittg 
tSttitefi jor in th^ actbal work given off by the motor ? In lieat- 
o^nes we have to deal wkfi maity variables. There is the 
hlfuat pressure of the working agent, the terminal pressure^ the 
len^ of SUinke, the namber of revolattons per minute, the 
iridTcated jkower in the cylii^er, the effective power given off, 
and the sdc<inacy of the means of supplying the work mg agent. 
In the earlv days of steam, when pressures weie pretty unliorui, 
and speed bore a certain relation to the stroke, the diameter of 
a cylinder was a tolerably close index to the ima'cr of ibe 
engine, and sueh simple rules as ** zo circular Inches to the 
hOTSe-poWer/* which prevailed among agricultural engineers, 
weie tolerably Intelligible. But in these days, when pressures, 
rp^s, and rates of expansion vary so greatly, the sue of the 
cylinder, or cylinders, is no longer a guide, and I imagine that 
most manufacturers have ceased to class their engines by thetr 
nominal horse -power. 'J'he prablem is pretty simple in the case 
of pumping- engines, for there the nominal power may be taken, 
as It U in Holland, to be the actual work performed upon the 
watet, i^nd perhaps a similar rule might apply to motors driving 
dynamos, but for most other purposes no simple law is possible. 
In my own practice I have, for many years, been in the habit of 
clashing engines by their indicated horse-i.ower per one revolu- 
tion for every prol^ble initial cressure, below the maximum one 
for which the engioes were devigtred, and for various rates of 
expansion. To facilitate the calculations I use curves which 
give th« theoretical horse-power, on the supposition that steam 
expands according to Boyle’s law, for lo,cioo cubic inches of 
steam measured at the moment of exhaust, which is, in fact, the 
volume of the cylinder in single-cylinder engines, and the volume 
of the last cylinder in compounds. These curves are calculated 
for inliial pressures rwing by 25 pounds, and, in non-condensing ] 
engines, for the extreme range of expansion po si tile, and to 
foi^eeti expansions in condensing engines. The true indicated ’ 
horse-power ranges from go j>or cent, to 85 per cent, of the 
theoretical, as above stated, the preeij-e percentage depend- 
ing upon the construction of the engine. As Urge engines 
are now almost always compound, the sijte of the cylinders 
is no guide to the Uy ound; hence, in answering in- 
quiries, it is necessary by some means to get at the actual 
horse-power expected and to settle the inuiaf pressure, for on 
this point there is still much timidity among steam- users, so that 
the enmne«builder has to adapt himseir in this and other 
particuhits to the needs or prejudices of his cu^tomer. 

Itt rnarine engines, again, the diihcuUy is still greater, because 
the Only measure of the effective power of the engines ti the 
speed of the ship under given canditions of immersion. But the 
re|datancft of ships is a Complicated matter, not perfectly ascer- 
tained yet, so that the speed attained in any new combination of 
aiginei and hull is by no means a certainty ; hence some wog- 
Abed measuie of the power of a marine engine, depending onw 
dn the measurement of the cylinders and boilers, becomes vert 
desirable. 

So strongly has the want of a standard horse-power been fek 
by shlphullders and marine engine makers, that the Council of 
the North-East Coast Institution of Engineers and Shipbuilders 
ap^nted a Committee to tnvestkate the subject, and (0 devise, 
ff fios|lble,^a set of rales which would be generally accm^ble. 

Cpmtmttee misde iu report in the spring of 1688. They 
tow M meir baste the inwated horse-power, noder certain 
nOnhat coOditlons, and propose to dtB ehie the normal mdicated 
Tho ftormai cxmdktohs arc^ 

{!) Tfaat&e of Wialawar boUer pmenre^ is expanded 
^>thf aame teimiOalpSisawni v, 

4 ty eB engbi^ kijthtfae same 

lengths of 

ihe 

% times the: 0^ of the 

M lflm bear to 

» M tb fkrnveoteoeoUie^ beief 


tion per I.H. P. a ill not be affected, but will be constant for the 
same boiler- j^essure, 

(5) That the Wteri are constructed in accordance with what 
will be generally recognired as the average practice of the 
present day In resi>c(x of the allowance of steam room in 
relnrion to p owtr, the diameter, area, and pitch of tvdms, the 
relation of graOe to heating surface, and the area of uptakes 
and funnel > that average natural chimney draught is used, or, if 
forced draught be employed, that it does not exceed the natural 
draught ; that the borse-powrer is proportional to the healing 
surface (H), and to the cube root of the pressure ( 4 ^) ; and» 
further, that the actual loaded trial -trip horse-power may be 
taken as equal to one-sixteenth of the heating surface multiplied 

by the cube root of the pressure 

to 

(6) That the efficiency of the engine mechanism is constant, 
and that the propeller is such as 10 secure that the engines will 
uiUite the boiler power referred to in condition (5) in the 
manner prescribed by cOTditions (3) and (4). 

Subjeei to these conditions the normal indicated horse-power 
is fviund by multiplying the square of the diameter of the low- 
pressure cylinder in inches by the cube root of the stroke in 
inches, ad^ng to the product three times the heating surface 
of the boiler in square feet, multiplying the sum by the cube 
root of the pressure, and dividing the pr<^uct by 100. 


N.LH.P. 


(p^4/s + 3H)4 'f 
100 


It is evident from this formula, and from the conditions, that 
account is taken of all the variables, and that the boiler is 
regarded as an integral part of the engine. The report gives- 
>everal useful formulae deduced from the above. Whether the 
expressions given are the most convenient possible for general* 
marine practice or not, 1 am not competent to say ; bdt it seems 
to me that a step has been taken in the right divuction in the 
attempt which has been made 10 measure marine engines by 
some rational Hiandard. 'fhe members of the Committee were 
all thorou^ly practical as well as scientihe men ; they deter- 
mined their coftKtatits by reference to a large number of success- 
ful cases 5 a^ I sincerely hope that the question will be pursued 
by the marine ergine buildeis on the west coast, and by the 
constructors of land engines. As engineer to the Royal Agri- 
cultural Society, I have frequently had to define the power of 
engines entered for competition for the Society’s prises, and I 
have experienced the greatest difficulty in laying down rules for 
the guidanoe of Lotendmg competitois, being fearful, on the one 
hana, of retUricting originality, and, ud the other, of admitting 
engines of greatly varying powers. 

1 have expresserl an opinion that the numerous engineering 
Societies which exist at this day have it in their power to pro- 
mote the advancement of mechanical science in a notable matint-r 
by appointing Research Committees, or by aiding individual 
investitfacions from their abundant means. The North-East 
Coast Institution of Engineers and Shipbuilders has done good 
service in their endeavours to establish a practical measure of 
the power of marine engines, while the Institution of Mechanical 
Engineers has, for the last ten years, been steadily promoting 
researches of an eminently practical nature. Their ex)>enditure 
I has reach^ the handsome sum of j^^iyoo, and their Proceed- 
1 Ings have been enriched with Reports on the hardening, temper- 
j ite and annealing of steel, on ilm form of riveted joints, on 
I friction at high vducities^ on matime-endne trials, and on the 
value of the steam jaoket. The names of those who are acting 
on thwe CoOimlttees are a guamtee that the investigations 
conducted by them will rank among the classical works of the 
profesiton, and wilt abnndaoriy justify the liberal exj>endiiure 
which has been incurred. 

It is fappossH)le to OODchtde the address which I have bad 
ihe honour «if delivering, without an aUuslon to the most im- 
portant structure which engineering skill and enterprise has ever 
attempted* Tha Forth Bridge is rapidly approaching comple- 
tlcbk and <m $«tijoday, Smetnber 14, Mr, Bak^r is to deltver 
a in he wifi, no doobu tcB us when the great 

work Is fflorip'lo he eomjpiltted. I think that the oremlbera of 
this aofficieitUy to the ** working classes to have 

a claim to to the lecture, and to bear from the lips of 

the caoa^ of the, bxh)ge the story of Us ioceptbn, of its progress, 
(Dfm his hoflik M Its comiriedon. 
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jvonnes. 

The intemalionat Codgkm of Altrpnoifty commanced Ha 
sittings in BnmeU on lh« ttith kstp^ undnr t|}e pw^ideocy of K, 
I'ftigoGyM^^ Director of thnObsemCtnrJr of Among 

the English members are Mn Downfog, ATiilfe Olvenwieh Obser- 
vatory, and Mr. Kanyard, of London, ^he Minister of Railways 
welcomed the Congress in the name of the Bdgian Government. 
Munich hat been fixed as the place for the next meeting. 

iNFoaMATiON hUH CQine froin the United &ate$ of terrible 
wind and rain storjns on the lotb, iith, and iith anst., all along 
the North Atlantic coalt, doing immense damage. Coincidently 
with this came the report of serious internal disturbances in the 
Yellowstone region, putting the entire geyser system in a violent 
outbreak. Several tong dormant geysers are tn a state of furious 
activity. 

A CIRCULAR from the Local Government Board to all the 
District Boards and Veistnes in the Metropolis, an order pre- 
scribing a form of notlBcatlon for use by medical practitioners, 
and a memorandum for their guidance, have been issued, under 
the provisions of the Infectious Di'iease (NotificaUon) Act, 1889. 
The Act comes into force in the Metropolis on October 30. 

The subject for the Sedgwick Prise Essay at Cambridge to be 
‘ awarded in 1892 is ** On Fossil Plants as Tests of Climatic Con* 
ditbns.^' The prise is open to all graduates of the University 
*of Cambridge who shall have resided sixty days during the 
twelve months preceding October 1, 1891. The essays must be 
sent to the Registrary of the University on or before October r, 
4891, cs^ bearing some motto and accompanied by a sealed 
paper bHring the same motto and inclosing the name and 
College of the candidate. 

We have received from Reykjavik a copy of the rules of a 
Society just established there, under the inesidcntship of Prof. 
B. Gfbndal, called the Icelandic Naturalists* Society, the chief 
aim of which is to found a museum of natural history for Ice- 
land, to be the property of the country. For this purpose it is 
not only intended to collect specimens of the fauna, flora, and 
pineral deposits of Iceland, but abo to obtain by exchange, or 
any other convenient manner, si)ecimens from abroad. 

The 7 »rfrj'^//wcV4 reports that a meteorological observatory is 
to be established at Perim, at the Aden entrance to the Red $ea. 

The axuHud examination, held under the direction of the State 
Medicine^Syndicate, from the result of which diplomas in public 
health are granted, will commence at Cambridge on Tuesday, 
October I. Any person whose name is on the Medical Register 
of the United Kingdom may present himself, provided tlmt he 
is in hit twenty-fourth year at least when he presents himsellT for 
■the first ^part of the examination, and has attained twenty^our 
yean of age when he presents himself for the second part. The 
examination in each part occupies two days, and Is ond and 
•practical as well as In writing. Candidates may present ihem- 
aelves in either part separately or for both together at their 
option, but the result of the examination in tlM case oC any 
•candidate will not be published until he has passed both parts. 
Every cmididate who has passed both parts reorivet a dij^oina 
testifying tp his competent knowledge of what [s required for the 
•duties of a medical officer of health. All applications for ad- 
eniMion to the examination, or for informatbw re^MCtfog it, 
ahould be addressed wUhout delay to Dr. Annlngspn, $mnii 
Road, Cambridge^ 

The additioM to the Zodagkal Sometyb Oaideas duri|)f the 
past we^ indttde a Creridd Porcupine (ifysirtx fram 

India, two Kioobar Pigeons (CWir/aar firom the ladino 

Archipelego, two Roae-emsf^ Cockatoos 
from Mc^ocas, a Foek-talle4 Fowl ) 

firom Java, presented by Mr. CwUm CUfton, R.Z.S. | a I 

Ibex fimaiUnA i } firom die Krba llofUikUixia, RuaMh* | 

presented by Sir James Anderaoo f a ZoriUa Snakfu,^ < 


present^ by Oftaio W. W. Bevant ( a Vinous Fruit Pigppn 
frM the Solomon Islands, presented by 
Mr. C. Mr Wo^loHt i a Wood Owl (Sj^rmium 
presented by Mi^br Vilett RPlteston, F.^.S, ; an O^spy 
(SamiiptiAa/iafus)^ European, pnrohased ; a Vul^dne 
(PMan^it^a bom In the Gardens. 

^ ASTRONOMICAL PHENOMENA POP THE 
I IVEEH 1889 SEPTEMBER 

! fin OR the reckoning of time the civil day, oommehoiog at 
I ^ *■ Greenwich mean tnidoiglit, counting the hours on to 34, 

! is here employed.) 

At GmtmieA e#f September aa 

I Sunrises, 5h. 48m. j souths, iib. 5211. 3J*4a>; daily decrease 
; of southing, ao'Si. ; sets, 17I1, 5710. : r^t asc, on meridian, 

I iih. 58710. 1 decl. 6* '9 N, Sidereal Time at Sunset, 

18a. 4m. 

^ Moon (New on September 25, 3h.) rises, ah. Z3aa. ; sooths, 

) 9h. 57m. ( leu, 17b. 27m. s right asc. on meridian, 

loh. 2 '9m. ; deck 16* 0* N. 

j Planet. RUcs. Soaths* 

h. m. b. m, 

Mercury.. 8 27 ... 13 25 


Rkrht sac. and dedtoatlea 
Setft. on 

b. m. h. M. . , 

, , 18 23 ... 13 31-5 ... la 41 s. 

; Venus ... 2 25 ... 9 41 ... 16 57 ... 9 47'2 ... 13 54 N. 

a 52 ... 10 2 ... 17 12 ... 10 8*0 .. 


Mars 

Jupiter ... 13 50 ... t7 52 


12 50 K. 

*« 45 »7 5» 7 .. aj a, 8. 

atom ... 2 46 ... 9 58 ... 17 10 ... 10 39 ... 13 12 N. 

! Uranus... 7 47 ... 13 12 ... 18 37 ... 13 18'* ... 7 39S. 

I Neptune.. 20 17*.. 4 7 ... n 57 ... 4 11*5 .. 19 25 N. 

{ * IndioitttB thftt the rising U that of the preceding evening. 

I Sept. h. 

' 23 ... a ... Venus in conjunction with and 3* I3* south 

I of the Moon. 

32 ... 10 ... Saturn in conjunction with and 2** 44' south 

of the Moon. 

22 ... 13 ... Mars in conjunction with and 2^ 47' south 

of the Moon. 

22 ... 21 ... Sun in equator ; day and night of equallengtb. 

26 ... 8 ... Venus in conjunction with and o*' 34' south 

of Saturn. 

26 ... 21 ... Mercury in conjunction with and 8* 38' south 

of the Moon. 

Variablt Start, 

Sur. R.A. Deci. 

b. m. • , b- « y»- 

U Cephei o 52*5 ... 81 ty N; ... Sept. 25, 4 7 as 

ATauri 3S4'5 « » N 27, 3 IS w 

U Coronae ... ... 15 137 ... 3a 3 K. ... „ 23, 19 8 w 

U Ophiuebi... ... 17 10*9 ... i 20 N. ... „ 23, 3 50 m 

and at intervals of 20 8 

T Vulpeottlm ... 20 46*8 ... ay 50 N. ... Sept, aa, a o w 

X Capriooitii ... 21 2'a ... 21 ^ S. ... m >4* M 

T Capricorn! ... ai 15*9 «S 3* S. ... „ 25* M 

t Cephei 22 25’l ... $7 5^ N. ... „ 27, 1 c M 

Jr slgnttes wax t a wm t m wlobBiini. 

MtUaf^Skawert, 

R.A Deok 

Near a Arietis... * 30 ... 1^ N. 

98 ... 43 N. ... Vetyiwidrirtmk^ 
From Lynx ... ' I13 ... 52 K. ...Veiy swift. 
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; TBi^riAJaY J^LQRA OF AUSTBAUA. 

U ihe Ttrtiary Fiara e/ Australia, By 
C* Ettin^idiikvs^* Memoirs of tht Ceologlcsl 
.So^ey of New South Wales, (Sydney: Charles 
Patter, tm.) 

T he work consists of translations from the German 
originals of two memoirs, published respectively in 
iS 8^5 and with eijCf^atory notes <m the geology by 
the Siu^ey ofHcers, Ettingshausen^s contribution consists 
of about 170 pages of "exact determinations of fossils” 
and a few pages of theoretical considerations and tabu* 
lated lists* In these we are informed that the " iTertiary 
floras” formed one universal ftora, which spread bver all 
lands outside the tropics, and " that m this dora all the 
elements of the diilbrent floras of the world are found 
combined ”(p, 3). The ** Tertiary period/' from this point 
of view, Consists of sub-periods of uniform coh<htions, 
susci^ble of exact classification and corrdation, with 
an orderly beginning and deflnite dose. From another 
point of view it is a period of the world’s history, so 
stupendous, so broken and diversified, that we can never 
hope to reconstruct a complete history from its imperfect 
records, and to marshal its secttts into exact order, 
Embrac^ in its vast folds are sediments, perhaps comval 
with our chalk, beginning when much that is now land 
was the abyssal depths of ocean, and enduring while 
continents and seas slowly changed their places. Its 


other 3000, feet of vblcanlc rocks with still older floras 
sandwiched jsnfong them, but aflbrding no beginning 
io the formaiiott.’' And our series ends 

abnip^, 4 i^^ gap of most crj^oM time 

uniepmseKt^y Cligocene^ and Pliopend, yet 

having after flora as utterly distinot from 

^oh other as dbose of the antipodes, and with scarce 
any elements in common^ Thus, however such condi* 
tions may have obtained in Carboniferous times, this 
theory of a uniform flora or fauna spreading, during the 
Tertiaries, oyer both hemispheres, from the limits of 
vegetation to the oon&tes of the tropics, is altogether 
outside practical science, and simply leads to affinities 
being discovered between itbperfectly preserved common 
types of vegetable organisms, where none such perhaps 
exist. 

With regard to the 170 pages of " exact determinations 
of fossils,” though no species-makers are so prolific as 
palaso*pfayt6logists, our author certainly bids fair to beat 
the record, for jr/, nav* is attached to as many of the 
fragments as the limits of the collection would well allow. 
The three ferns and three monocotyledons are negative, 
if unsatisfactory, but there would have been one less 
belonging "undoubtedly to the Monocotyledones,” had 
not a stray Carboniferous specimen been included in the 
consignment. The single Cycad is a sp, nav,^ bearing 
" a remarkable and specific relation ” to a North Green* 
land fossil. The Coniferm are determined oif very poor 
material, hut most are considered as at least allied to 
Australian forms ; yet Sequoia is imported when the 
native Aihrvtaxis would better meet the case. A new 
genus, Hiitrncladistos^ is actually founded on some insig- 
nificant cupressineous foliage only, and another, Pseudo^ 


episodes were the Joining hands of widely severed lands 
and the patting of them again asunder into isolated 
txiabts, until at last it saw the existing continents settling 
into their present form* So enormous was its duration, 
that its " newer ” periods sufficed to raise and scatp the 
iktiest mountain ranges of the world ; and its close to 
submerge apd re*elevate again and again, to trim» alter, 
and finally cut into separate islands the insignificant por- 
tion of the globe we inhabit as Great Britain, During 
tdl urhich time, floras as distinctive as any of those now 
iSxisting were swayed and thither by the changihg 
chmatki bonditions aeiiomp^ying the osciflaaons of land 
imd upVecruits on their passage, and 

dtowriei by the wirfn out j here ooalescihg wirii dis- 
linet horik ^ and thlSmed,o^ swetii^^ eac^ 

thdre dwindting in nuadmm at stations 
Stthaserged and hWkeh up. As w^l 
jit^ htstdiry irf the feuds 

l!*k||pm maift, «$ of ^ floraa of 
. Hkeht : eadi eUtHikf '' tan ' but 


' plrtus, is certainly curious if its supposed fruits are cones 
I and not catkins, Of the some 1 50 new dicotyledons, the 
{ vast bulk would be classed as indeterminable fragments 
by any reasonably cautious paleontologist. The less 
characterised of these figure as the exotics to Australia, 
whilst the most satisfactory are found among the Pro- 
teaeese and other Australian forms as Botonia^ Ema^ 
/y/fwr, species of Piper ^ Ceratopcialuniy &c. Many of the 
species are founded on single fragments, sometimes with- 
out base or tip, and unless the plates do them injustice, 
with scarcely any visible venation or character. 

We cannot judge of the difficulties of collecting, but it 
certehUy ai^iears that if it is worth while to puU^sh any- 
I thiWg on fc^ plants at the Government expense, it would 
; be worth while to gather proper material for it. When 
broken ^ecimens of leaves are obtainable, entire ones 
; can as a rule be extracted, and when the^e are to hand, 
i thom^ exotic genera may well have flourished in Aus- 
tralia as in Europe in bygone ages, it Will be surprising if 
morn of ritem cannot be matched with plants nearer their 
own bW<t J. STARKiE Gardner, 







and tHe greater tendency towards 
call for a book containing all the various 
rMles and tables relating to those {>arts A matheowticai 
and mechanipal science whose application most 
frequently oC^i^ in the useful arts^ and especially in 
engineering and practical mechanics. In this volume of 
moderate bulk^ such a work has been i^vlded. The ii$e 
of algebraica] symbols has been avoided as much as 
"po$sLble> excepting in those cases in which the rules 
cannot be clearly expressed without them. 

The book is divided into ten parts. The 6rst deals 
with arithmetic and mensuration, including tables of 
cubes, squares, logarithms, a summary of the rules in 
trigonometry, with tables of arcs, sines, &c., concluding 
with the measurement of areas of surfaces, volumes m 
solids, and lengths of curves^ <Scc. Part a treats of the 
measures of different nations, with tables and rules 
relating not only to measures of angles, time, length, sur- 
face, &c., but to those of speed, heaviness, pressure, work 
power, dec. Engineering ^odesy, distributive forces and 
mechanical centres, balance and stability of structures, and 
Strength of materials are included in the next four (Arts. 
Part 7 relates to machines in general, and gives rules for 
the comparison of the motions of different parts of a 
machine, and for the designing of teeth of wheels, speed 
cones, &C., with rules relating to work at uniform and 
variable sj^ed. Parts 8 and 9 treat of hydraulics and 
heat, together with the steam-engine. The former im 
eludes rules for dow of water, prime movers, propulsion 
of vessels, &c. ; the latter consists of tables of elasticity, 
volume, and specific heat of gases, factors of evaporation, 
*Wlth rulee relating to furnaces, bailers, expenaiture of 
heat in cyliitders, efficiency of strain, &c. 

Part 10, written by Andrew Jamieson, has been revised 
and considerably extended, and consists of electrical 
rules, tables, and formulae. The information has been 
broi^ht up to date as much as possible, and many points 
of oifificufty, such as direction^' of currents, magnetic 
force And! motion, are made clear by means of illustra- 
tions. Electrical engineering symbols and units of measure** 
meat, heaf, and light are first given. These are followed 
by various forms of Wheatstone bridges, apparatus for 
testily electric light cables, the wire-testing batteries on 
the General Post Office system, tables of resistance, 
general data of the different submarine cables and 
batteries. 

In the appendix there is a useful diagram of the 
mechanical properties of steam, showing the absolute 
pressure in pounds per square inch, and volumes in cubic 
ieet per pound of 4 ty saturated steam, and tbe mean 
absolute pressure, in decimal parts of absolute pressure 
of admission. A complete index adde greatly to the 
value of the work i and we may say that the thore One 
looks through the pages of the book the n^re one is 
struck by the large amount of useful information colleefod 
together in these 456 pages. 

C0ftmr, By C. T. WhitmelL (Cardiff: Wm. 

This book Is designed for the general reader^ and 
on the whede, well suited to this class of persotiv The 
principal drawback it possesses is unquestionably the 
want of a good index, while the division into vsbol^ 
numbered sections of in many cases a few lines only is very 
inconvenient, and produces a sensation of dtscontinpky 
of subject. Some parts are excellently done, notably tne 
illustrations given of Irr^ular refiection by turbid madia, 
the description of colour produbed by absorpttem, and ^ 
part dealing with bdlour-mindness. In connebtioh #llh 
this last subject much extension of our knowledge wb^ld 
no doubt result ftora systematic observation of the piN^ 
ipesAive developfotat of eotouz^Mindness in casbs of 
locomotor ataxy. 

It is to be r^prtttod that the author did not sqpfdy 


coloured diagrams to at least some of the sectiom^ or 
failing this it would be moresuggettiye in the diagrams of 
light transmitted through difforem specimens of cohum 
gUsa to shade the part representing the absorbed ana to 
leave unshaded that repveMnting the transmitted hghb 
Some preliminary description or the optical apparatus 
employed would be also serviceable, in action ito. the 
reader is told the properties of a spectrum produced by a 
diffraction grating, no reference being made until much 
later, aiid then a very incomplete one, as to the principle 
involved in the formation of the spectrum. 

The book is fairly up to date, containing as it does 
reference to Langley’s bolometric observations and to 
Kdnig\ researches on the theory of colour vision. In- 
teresting cases are given qf errors due to ignorance of 
scientific principles ; and in view of the frequency of 
their occurrence— perhaps more noticeably from neglect 
of the effects of refraction than of the principles of 
colour— *it is regrettable that manuals such as CburcVs, 
Rood’s, or this, are not more generally read by painters. 


ZSTTJSIfS TO THE EDITOR, 

iThv BMt 9 r dd€i nd Md kimulf rt^nsibU for ojdniom air- 
fr^sud by hit tomsfondenis. Neithtr can he umder^a^ 
to return^ or to correspond wiik the writers rejected 
snanuscripts intended for this or any other part of Natum, 
P/o notice is tesken of anoeot^nous communieoHons,^ 

Sailing Plight of Large Birds over Land. 

It gave me great pleasure to see, by Lord Uayleigh’s letter 
in KaTure of May 9 (p 3^), that the remarks made by me 
some months ago on this subject were not made in vain. 

Ever since 1863, tbe sailing flight of large birds (which is 
here very common) has been a subject of observation to me, and 
odd notes have been sent home to the En^Ush Mechanic and 
to the Aeronautical Society (see Sixteenth Report, 1881, pp. 
10-17). 

Mr. A. Baines, in Nature of May 2 (p. 9), well describes 
the sustained sailing of the albatross, indicating what I take to 
be the vcracausa^ c.e. the rising, kite-like, when it sweeps round 
to meet the wind, the energy of motion being gained by de- 
scending wkh it along an incline. But this pn^lem, as seen 
among the sea-birds, seems to be complicated by the posaibiUty 
of hfong action due to the waves ; and, in Mr. Baines’s letter, 
by different velocities of tbe air near the sea surface and ele- 
vations of 20 feet or so. Out here, these two features are not 
only eliminated, but we see the bird doing more work. 

The sea-birds merely sustain foe hours a given wri^t, say 
twenty pounds, without Happing the wings, whereas the lamL' 
birds lift, this twenty pounds, in two or three hours, to a height 
of 1 or a imles vertkaUy, as well 

The adjtttanri (Leptotiim ntsdt/rms), the cyme; 

uelicsn, vultures of several kim, and storlu, hal)itually 
here during fine weather, if there is a wind. At first, th^ rise 
by fiappiog the wings vigpromily, and, when iop or 306 heh. ajai, 
graduaky be^ to sail m huge right- or left-hand spimk, rlringi 
30 or 40 feet at each lap. When seen thus, the wings are r^g^y 
extended, and toil spread, the primmw wing-feathers di«tihc|)y 
separated, arid a loud mmne^ tone is imard as the Hrd 
round and round overhead. If low down, they nan be cloami^ 
studied through a bfoocaliw, hm if at^a great height, l^eisRAfty 
use a tetesoope^ 3’'*5 O.G„ and tenjoatnid aye^oe, f^er 49 ^ 
With this hdter X con follow thenb;^tM^ in a group w 
until each is a mere sj[^ek, a&4 dfoyaifion catt be falriy caU 
oulated, when spread « whig ia often# or 9 fret x r).. * 

Oar {weeuiUng iU)Slh:tai«t oikI aUo oar smtth^wwd 
soon, are porikuiarty sfoady ahsdrifta 6^ say, | or fi to, lo^iiee 
per houri an4:| should, doiibt yeiV lUiiehf ff, after $00 
there .k afiy variaUbJQ fo- the''fpeed-arfiiffoi«nt' 'Mghtk' 

Bfoxig due fo Oocariomd waves shooM hmw 
questfo^ cmd under thsieoc^ 

where waoould ohtafo the **efMrgy pqritfoaf 

'is fit^ ftnfo 'the ahUosi^’ .ilh 

tie reftuM 

foawaid'Wa:t^.bkdieda^ ' r^\ 
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X Hjr, p4^a|ny that tha batd$ maintain thekite-Uke in- 

;ailf^ l« fkln^Ie^tiottia mmqMng round while thus at an 

Igiglai :fif»t Mi^g the brew* and at they tweefi round 
a« per diagt^MUt the centrifugal element coming 
i^hfday. ^ If very low d<Wi indcedi the bird can he . teen to 
^ di|g^gt|y 9» ft wheehi roifod the windward edge the 
a^.ieadiftf iU greateat elevation juat as U turns tail to 
^Indi Then it teems to shoot al<)ng down a tlMt imdine with 
adhi^ end in rounding the leewara part of the 

cpintl, the outer wing is again spiral thus -'■ ' ► ^ , The 

speed ‘ of hM so gmaMy exceeding ^lat the wind, j 
rendeea |lp«eef*hry to pfiaUelt to tom 
Vieia^^firom uadks.bok mrcular, and vary 

in sixe^'f^deah ' . ' ^ 

tn ell #0 larwa I jhgye seen* hiniB ,wfbeiai!Mngi n« 
they sail uuke leeway, payA ipilelbre^ looo 

feettiM, 

ThqyiKfer^on 

in a stndght lige, #nd» albr a tiAWf doeks that dw ^r the 
hills nahover undr poKtiion over the plains hgr desemlng to 
windward 

But ht all idu»e fsseit of iaod^hildf xitim attadlty le they sail 
round 'a(aid ndtond, there is no poistollhy of hdmg hf wishes, as 
at sea, Jtpy yet diaTerepces in the a$r every po feet 

or so, «i dnfty sffd at 4dl helghUrtn^ SoOlhet up to |%ii^or 
more/ 

TbepiMem Is mnoh more olearly keen, and mofe wopderful. 
than of the athatross, wnd, as% as { cah nie, the 

explaiieiwo wjskh I gave yearn ago k the only leasihle. 
The nkodwiituiin gained in dokoendt^ a givwti diatapoe with ike 
te/ff^/keapeiided in lining the bf id feite-Hke as It turns and faces 
the wind, on the shorter windward coarse, where Wro a certain 
amount of centrifugat reaction comes into play and does some of 
the wark, * S. E. Pbal. 

Sibsagar, Assam, August 8. 


^iahop> Ring and Allied Phenomena. 

lO ihere any connection between the sunset glows seen by Mr. 

&4 fiwhop in the Sandwich Islands (see p, 415) and the 
.^enomena which have occurred lately in Western Europe? 
There has been for two months a feeble reappearance of a great 
forO^ .round the sun. I do not know wimther I can call it 
Bidiop s nag, as it has generally been larger than that cauaad 
hy Rrakatab dust, and also more dirtyrl^king in colour* and 
doubtless at a lower level. Blsh<^'s ring itself had never 
altogether ceased to be visible about sunset and sunrise, but I 
had not certainly seen it at any time when (he sun has had a 
fw^neariy twoyeaw* and thra mdr lif the 
s tha^ was 

* atwSihSf-viys.not 
, ,.„_.^^,/cdpkr,.canw'ihan 
oShpr ekMiont before 

yoloanic 

that 
‘ on 

the 

nh the ai^er- 
It k plainest 



POi olMWuied by Wii 
nohtt of July * until the, 
sUttsOt. ft for* 

fodeSldtt tS^ros. but tl 

f^peamd.^ie sky 



w sou^e/ox^j 

of the ai 



op doudy strem liko very thin 
ired dnrilig Jply l. Since It 
^,Jue ,aa.iit was 

10 that it 


Jfe'p*: still ' th 

the cei^rat 

ilib mm 


there must be a very extenrivc difhision of Some kind of du^tt — it 
may be one of the kinds alluded to by Prof. Tyndall and others 
in the discussion which occurred in your pages lost year, 
Stmtoland, September 21. T. W. RacKltpirsK. 


OBSERVATIONS OF TWILIGHT AND ZODI- 
ACAL UCHT DURING THE total ECLIFSE 
OF TNE sun, DECEMBER 21. 1889. 

T he sdtanticn of all friends of astronomy and meteoro- 
logy, and especially navigators on the ocean, and 
of meteorological observers in India and Mexico, is re- 
spectlbl^ exiled that they may.iviake valine 

ob«etr,vation« tW totxl aCIteBe of the ai^n. 

Ti^ obaeEN'kti^hB refilled; ip are of a tnost elememfry 
character, pertaljh {^nomena of twilight ppd 
of the eoaiaoal li^ht 1P|^ importance of the oteenra- 
tioniii tdk he forst appreciated by G&np^n 

meteoroiofiatS) And tikilit^owdng paragraphs are hx^d 
upon Attggeieions hia 4 ik by Prof Bezold and Dr. Zenker, of 
BerHOk 

Oh peci^bet ag« i 9 S$, at 47 minutes before popn, 
GieenudCh tihie (which corresponds with 6 houfS ahd 13 
minutes a.tn. of standard Eastern time) our globe b^li^es 
tangent to the long cone tbat constitutes the shadow of 
total darkneks behioii the moon, and we say t^at 
** totality has begun on the earth ** ; this occurs at a pimnt 
in the Caribbean Sea, north of Venerueta, at about is"" 

N. tat. aad yz\i^ W. ii^g. in about three hours a 
quarter this abne of tojtal eclipse has passed the eardl ; its 
last i^'mt eomacti or tangency, occurs at a poh!^^ 6n the 
eaisteri) Oo^of A^ca at about 5i^N.}xt*Aud 49'’ E^long. 
The path sf totality on the earth’s surface between 4 hh|e two 
lirhtts ik a narrow belt, about too miles broad, and astro- 
nomers will station themselves at favourable localities in 
order to observe the phenomena visible immediately 
around the sun, but meteorologists and local amateurs 
residing entirely outside the path of totality can also do 
good work. 

The accompanying diagrams, I., 11 , IIL, IV., will 
illustrate the conditions of the eclipse and the nature of 
the meteorological observations desired to be made. 
Thus in diagram I. wc sec the point R, or the locality 
where the totality begins to an observer on the earth 7 
at that point the sun nses, while it is totally eclipsed, and 
the band from r to p shows the path of the shadow as it 
flies eastward. Diagram 11 , takes up the path at its 
other end, and shows it still moving eastward from P 
towards S, where it finally leaves the earth, so that an 
observer at s sees the sun in his western horizon, but 
totally ec^lp^ as it is setting .put pf sight. 

If ppwmsgine a verrimi^lane passing throughythe 
olM;^ .^dthe ncl|ip^ a sedtTon of 

thens^vHantmosiih^^ and\he cone of darkness very 
muph,;4fo i^pwn in 11. and IV, iii diagram n* 

R AS boK^ tbe locality where the sun rises 

eepim^ mmnoh^i^^ observer, and ^thc « 

coinSt At Jd^Ae^ sPas^* bv# hipa towards its apex, 
wWph; west Those whp are 

I located to the west of R, as at t>, looking eastward, can- 
not see the sun because it , is below their horizon ; they 
: can see only the light of the morning dawn where the sun is 
i about to nee, but these observers, if they look directly 
toward the brightest part of the dawn, immediately oyer 
the sun, wifl, on this morning of December 22, find that 
they are loolring right Into the shadow of the cpae> and 
will themjfose reserve that the light of the dawn is for a 
few minutes much fePbler than usual 
Simflariy dmgratn IV, shows the condition of things at 
the point where the observer at sunset has the cone of 
darkness 4imed&nt|riy hbove him ; observers to the cast of 
his (ocatipn, As at t, will be enjoying twilight, and as they 
lopk towairi the immediaiely above the sim„ they 








lpc4tin^ into the cone of darlcnesai and will hnd 
ithe twiUAt cprtespQKtdingly dimmiahed. 

The distai&co from k to x> in Fig. i, and from $ to T in 
diamm II.^ ilbiiresents abbut 35* or of the great 
cirde, or over aboo miles on the ^nn^s surface; aii^ 
Arsons locaMl tn this imtnense region--^amely, alt on 
vessels in the Carfhbean Sea and Cuif of Mexico^ the 
Arabian Sea^and all meteorological observers in Northern 
Mexico, Yucatan, Jamaica, and western India, should be 
on the watch phenomena of the following* Iciad 
(j) Note wl^ the moofl^s shadow becomes drst or last 1 


The Utter ot^t is one of specUf intet^ it is dNir; 
able that obiibvefs should ehttfulliF record d^e 
ance of sodiacal %ht for eeveral days before and 
the eclipse, as also oh tV sand iisalf| hi order that 
may distinguish b^een, local aitno^lUl'ic eftscta 
those due to the edilpse. During, mofrnhig dawh U 
the region R ]D, and durlagithe twihgbt s t, ode should ob^ 
serve that the todihod light attains an unusuhl htifUahcy^ 
and extent ,* the points to be noted are, drst/faow tnudp 
further up from the horiron, or from the sun, is the bs^ 
of sodiacal light vldble during the few minutes when the 
cone of shadow comes between it apd the observer; 



visible by Ih^ darkuieas <{f^the high cirrus, hare, or the 
tops 0^ cumulus clouds or uie topi of mountains. 

(2) When the darkness is at its maximum, its boundary 
appears as a curved band of colours convex to the hmricon, 
disturbing the otherwise borixontal arrangement of the 
illumination thkt constitutes the dawn or twilight Note 
the ang:u]ar distance of this boundary above the horison 
at several points to the ^ht and left of the sun* Note 
also the Colours and their arrangement, both in the twi- 
light nropar and in the ^ded portions. Note especially 
how rar to the right or left the disturbance of the twili^t 


again, bow much nearer down toward the sun does it 
extend 3 and, again, how much broader is It toward the 
right and left? Does its colour appear changed ? Some* 
times several portions of the sodiecal Tight appear 
brighter than the neighbouring regions, therefore observe 
whether, as sekn through the conical shadow, these dif- 
ferences disappear and the whole sodiacal light has a 
uniform gradation in intensity from the sun trativard 
toward its extremity. Sometimes pulsations or waves of 
brightness and darbiess have appeared to proceed 
neat the sun, reaching the extremity of tlte sodigcal light 



or dawn appears to extend. By distance, of couts^ js 
meant apparent angular distance ; but if the dbeenwr is 
$0 locam that mscatit mountain-tops are 
should note whether the^ elso show any phenomenal dee 
to the moon’s shadow* 

(3) Owing to the fact that the observers at D sahd T 
are lookiiitg througll a portion Of atmosphere that does , 
not receive its ordinary amount of light lum the sum 


e^eciai 


id the course of ilhp or i»n seconds ; note wlwdinr ^^y 
such pbooomm dte tflwbi^ ^ ^ 

tlie *b(»ecarWbt^ t^^^ Itete, on good autepri(iy, 
served eed 

and dte with- 







1 ^ 89 ] 


NATURB 


an 4 Afttr the eclipse en4 several hours before 
nod after euetset If observations show that the 
Ikht is matertaU)r dimlftiahed 
4 bn% totality, in any part Of the region where the moon's 
^fatrketMi the atmosphere, this will go far to show 
ihat the zodiacal h^t originates in the earth’s atmo* ! 
ephere ; but if, as seen through the shaded ai^ the zodi- 
light appears brighter than ever, it would follow that i 
ita location is far from us, and that it is an appendage of I 
the sutu 

1(4) The observers of the zodiacal light should not fail 
to record the phenomena sometimes seen on the opposite 
side of the horizon, and c^led Gef^ensrhein^ or the anti- 
aodiaOal light. Similarly, observers of the twilight phe- 
nomeha shoiild record the appearances in the horizon at 
the opposite $ide of the sun, or the so called anti*twilight 
arc, or bind, 

(5) Observers to whom tlie sun is beyond the horizon, 
and ibr whom the atmosphere between them and the sun 
is not illumined owing to the presence of the moon's 
shadow, will have a good opportunity, for a few minutes, 
to see any faint comet that may have been bidden to 
astronomers by the glare of the sunlight, and, if such 
^ihould be seen, they should record the apparent altitude 
and azimuth or the nucleus. 

The diagrams 1 . and ill* trace the 'shadow-cone west- 
ward to South California and eastward tp India, but this 
should not prevent observers still further west on the 
Pacific, or east over India and Japan, from recording and 
reporting such phenomena as they may observe. 
Washington, Augusti CL<cv£tAND Abbe. 


CLBVEtAND Abbe. 


THE BRITISH ASSOCIATION, 
SECTION D. 


OVBKINO Address av Paop. S. Burdox Sanderson, 
M^A,, 4 'M.D., LL.D., F*R.SS. L. & £., President of 
THE Section* 

It has long ceased tube possible in the coarse of an annual 
address in S^tion D to give an account even of the most Im- 
portant advances which have been made daring the 3>receding 
twelve months in the various branches of Itnowhsdge which are 
nPw iach^ded under the term Biology* One reason is that each 
of the biological subjeots has acq^ed such vast dunenaions ; 
the other, that the two main branches— Morphology, which 


^^ves to espUun why plants and animals have assumed the forms 
' 4 ^ )itni<tea which they posseSi, and Physiology, which ae 4 ts to 
hpi^ the Uvuig organism worhs^have now diverged 
^ t^anfs sttbiect and method, mat 

^ ho dapghr of complete aepMthm of the one ftdm 

suadering of sciences which a generation 9^ warn 
howaVCz iRevit|ble It may be, Physiology 


science Is co-ordinate and cnntemiinoas with living nature, and 
strives after a perfection which is that of nature itsdf. 

Physiology Is without this source of attractiveness. ^ Its first 
lessons present difiicuUies to the beginner wHicb, utdess he is 
contented (as, indeed, ordinary students are) to accept as true 
what he does not understand, are, to say the least, discouraging t 
white to the more mature student, who ha« mastered more or less 
some part of the sul^ect^ it fails to present a system of know- 
ledge of which all me parts are interdependent and can be 
referred to one fundamental principle, comparable to that of 
development or evolution. 

It is easy to understand that this must be so if we consider the 
present posUton of the subject, and the nature of the work which 
the physmlogist has to do> That work is of two kinds. He has 
drat to dotemiihe what are the chemical and physical endow- 
ments of living matter in general, and of each of the varieties of 
living matter which constitute the animal and plant organism in 
particular. Theh, these having been investigated, he has to 
determine how these processes are localized so as to constitute 
the special funedoQ of each sthicture, and the relation between 
structure and process in each case. The order 1 have indicated 
is the logical order, but in the actual prepress of physiology 
this order has mot been followed, there has not been a cor- 
relation of structure wiih.previou^Iy investigated process, for in 
former days physiologiUtS spoke of assimilation, secretion, con- 
traction, and the like, as functions of muscles, glands, or other 
parts, without recognising their ignorance of their real nature. But 
now, no ohe who is awake to the tendrncies of thought and 
work in physiology, can fail (0 have observed that the best 
minds are directed with more concentration than ever before to 
those questions which relate to the elementary endowments of 
living matter, and that if they are still held in the background it 
is ratjter because of the extreme difficulty of approaching them 
than from any want of appreciation of their importaifoe. 

It is to some of these qae^tions that I am anxioiH to draw the 
attention of the Section tO'day. I feel that I have set myself a 
difficult task, but think that, even should I succeed very partially, 
the attempt may be a useful one. And I am encouraged by the 
consideration that the interest they possess is one which is 
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I common to plant and animal physiology, and that if we really 
I understood them, they would furnish a key, not only to the 
phenomena of nutrition and growth, but even to those of repro- 
duction and development, and by the belief that it is in the 
direction of elemeotary physiology, which means nothing more 
than the study of the endowments of living material, that the 
advance of the next twenty years will be made. 

Nearly fifty years ago, J. K. Mayer's* treatise on the relati<m 
between organic motion and the exchange of material in living 
organisms was published in Germany. Although its value was 
more appreciatM by physicists than by biologists, it was in its 
purpose, as well as in lU subject-matter, physiological. In it 
Mayer showed for the first time that certain functions of the 
animal bcaiy, which up to that time had been considered most 
vital, are strictly within reach of measurement, *.r. referable to 
physical standi^ of quantity. He was even able to demon- 
strate that those quantitative relations between difleitnt kinds 
of eneigy whkb physicists were then only beginning to recog- 
nUe, hem good as regards the processes peculiar to the living 
ofipfoisiii. 

Atn$ost immediately after the appearance of this how cele- 
brated W6i^ A series of disoov^es were made in pbydology, 
whidfi nonaliituted the peHbd we are how considering an epoch. 
Mayer bioMf had proved that muscles in doing work and 
produeforheae do not do so at the expense of ihtir own sub- 
stance. But this fact could not bA understood until Bernard 
showed that sugar is one of the most important constituents 
of the bloodi and lU storage and production a chief function 
of the liver. Helmholtz next succeeded in proving what J ohannes 


proportional fo the distance traversed. Next, du Bois-Reymond 
iDvestigated the ofecirical phenomena of living beinjp, and mar- 
shaUea them under a physical theory which stood its ground 
j^ainst tlm severest criticism for more than a geneiatioo, And 
.filially, the hrdrodyBandc principles relating to the drculation, 
set fimh by t%onuMi Young In bis Czoonian I^ture forty 




Pla etaaitUcbe Bttwteua£in ibmm gusuat&eahangt mh 
iSury/' of acctmdadtdooip. ^ 




bviUTtf; w«re ikmon^tmtcd i&?cfMrinnenUll;f by ]Ludwi}{^,ftt 
tb« v«ry tbne llelmbolu was nvins; definite fortn to the 
batiural ^bllWipherV tl^eoyy of colour |>0fceptl6n84 

The em4 J|tbei»e discoveries was to prodtioe a complete 
tevtiilntioin m m w^s of thinking and speaking about the 
phenomena of life. The error of the past had been to believe 
tbatt although tlM^ hean resembled a pump^ ajithoagh digestion 
couM he imltatea in the laboratory, and comparisons of vital 
with physical prdces^s cou'd be used for illustration^ It was 
aldrays wrong to identify them. Bat, inasmuch at| it had been 
letu^ned that s^psetion is projiagated along i nerve just as sound 
is propagated ihtough the air, only with something like a tenth of 
the velooty. that; the relations between the work doiie, the htat 
thtid^ed, and th#/hel used, can be investigated In the living body 
jest akth^ are Ih the steam-engine, it now came to be lisU that. In 
other similar cases, what had oeen before regarded as pecuiiatly 
vital might be understood on physical principles, and that for, 
the Mure the word *• vital " as distinctive of physiological pro’ 
cesssiS^ might be abandoned altc^ther. In looking back, we 
have ho wfiicul I y Ih seeing that the lines of investlgailon which 
Wehe then initiated by soCh men as Helmhulta, Ludwig, Briicke, 
du Bols'Keymond, Bonders,. Bernard, are those along which, 
during the succeeding generation, the sciencsf of physiok^y 
advanced ; nor can anyone uhvi is actjualnted with ihe lilerarure 
of that time doubt that these leaders of physiological thought 
knew that they were the beglniieia of a new epoch. Bhf such 
an epoch cannot occur again. VTe have adopted once for all 
the nght, i.r. the scieniinc method, and there is not the least 
poasimliiy of our recurring to the wrong. We have no new 
departure, no change of front in prospect ; but uven times 
which are not epochal have their teMencles, and T venture to 
submit to you, that in physiology the tendency of the present 
tim^ is characterlecd by the concentration of tpe best efforts of 
the best minds on what. I have already referred to as elementary 
question^. The work Of ibveBtigating the special functions of 
organ4) which during tbC; lost two decades has yielded such 
splendid results, is stui proceeding, and every year new ground 
is being broken and new and fruitful lines of experinnental 
inquiry arC being opened up ; but the further the physio pgist 
advances in this work of analySU and difierentiation, the more 
frequently does he find hU attention arrested by deeper questions 
relating to the essential endowments of living matter, of which 
even the most highly differcniialed functions of the animal or 
plant organism are the outcome. In our ^cience the order of 
progl-ess has Iwen hitherto and will continne to be the reverse of 
the order of Nature. Nature begins with the elementary and 
endk with the complex (first the amccba, then the man). Our 
mode of investigation has to begin at the end. And this not 
merely fur t|ie historical reason that the first stimulus to pM^* 
logical Inquiry was man's reasonable desire to know hhnaeu, but 
because differentiation aciooUy involves shnptification. Tot kst 
as in manufacturen it is the effect of division pf labour that less 
is required of each workman, so in an organism which is made 
up or many organa, the function of each » simpler. 

Fhysiolc^, therefore, first studies man and the higher animals 
and process to the higher plants, then to ibseytebratea and 
cryptogams, ending where development , begins. TVotn the 

begitumig her aim baa b en to correlate hmedon wkfa urtfSublbte, 
at roughly, afterwards, when, as I have exphifned^ her 
methods of observation Iwcame adefitific, mote and mote ac- 
curately— the principle being i/iai rtmy 
0 f mir$sfmds (0 a <f ptncHm ; and 

versely that each endowmexit of a living orgim must be etphdiiMi 
if eaplained at all, as springhm from us structure. 

It Is not difileuh to see whnher this method must eveir|natly 
lead us. Fot inasmuch as function is more complicated 
structure, the result of proceeding, as PhysSoldgy normally does, 
from structure to fiincilon, must inevitably be to brli^ u» fitoe to 
face with functional dlfirerences whiCh have no struct^l 
eUce to explain them. Thus, for example, tf the bh^fplbgbt 
undertake^ to explain the function <ff a h&hly dtfferemhued 
oirganUke the eje, he finds that up to a eeitaln p<diit, , 

thit he has the requisite knowledge of dioptrics, the methtda of 
correlation gukiet him Stra^ht to his point m cep meg^ly 
or actuaHy Coitetrutt an eye which will perform the fahctw%v pf 
the real ^e, in so far as the furtpatien o/a rehl hii|wgedf 
of vision on the jpeiina is concerned, and Will be awe the^ld^ to 
understand how the rptina) picture is transferred to the otgan 
of consciousness. Having aiti;Vfd at this pokat he ' be^ to 
conelate the known suruemve bf the retina wHh what is le* 


qpItedoT it, and fia^ that the mimber of objects whkh lie cniK 
aiscrimbiate in the field of vUfou b aji nbemioiW au ^btfifd^ 
ttidre nmherpbs thdrl* the parts df the yetki% tm'miik' 
wMth are concerned lb dkcdmlnailbg them. So &r he lets ip 
^^cttltyt but the m^od of Corrmion IkUs htm Irotb tjne 
moment that he considers that eabh object pdint hi the field 
vision is coloured, and that he is ablq 10 dis^mluaie nht yweNfi^ 
the number and the retatibns of all the ol^ect polntk tb 
other, but the c<dcHir of each separately. He. thmadei at tidde 
that each cone must possess a pturalUy of endowments for wbieb 
its structure affbrds no explanadoa. In other words, in the 
minute structure of the human retina, we Have a mechanism 
which would completely explain the picture of which 1 aijn 
comicious, were the objects composing it poeaesded of one 
objective quality only, being colounesii bpi iiieaves us wllhont 
explanation of the differentiatldb of colour. 

I^imllarly, if he is called upon to explain the fimeHon of a 
secreting gland, such, as the liver, there rto dl'ffiCttUy in 
understanding that, inasmuch as the whble glabd eonshus of 
lobules which resemble each other exactly, and ea^ lObuU is 
s xnilarly made up of cells whioh are all alike, Mch individual 
cell must be capable of performing all the fuiuuiobi uf the whole 
organ. But when by exact experiment we learn tHgt ilm liver 
possesses not one function but many— when we know that it is a 
storehouse for. animal starch, that cell possesses the power 
of separating waste colouring-mutter from the bloody and of 
manufacturing several kiuds of orystallixable products, some of 
which it senils in one direction and others in the opposite— we 
find again that the correUiiou method fails us, and that all that 
Qur knowledge of the minute structure Has done for us is to set 
before us a question i^hlch, though elementary, we are quite 
unable to answer. 

By tnuUiplymg examples of the same kind, we should In each 
case come to the same t-«iie, namely , with 
unity ttf str¥ctHr^t the unity being''^ represented by a simple 
structural element— be it retinal cone or cell— possessed of 
numerous endowments Whenever this point is arrived at in 
any investigmion, structure mu^i for the moment cease to be our 
guide, and in general two courses or altemaiivcs are open to ui. 
One is to fall back on that worn-out Dins tx machinA^ proto- 
plasm, as if it afforded a sufficient explanation of everything 
which cannot be explained otherwise, and accordingly to defer 
the consideration of the functions which have uo dqmonstrablo 
connection with structure as for the present beyond the scope of 
investigation t the other U, retainittg our hold of the funda- 
nientar principle of correlation, to take the problem in reverse, 
f.e. to use analysis of function as a guide to the uHfa''fnictoscopicai 
analysis of slr^ure. 

I need scarcely sw that of these two courses the firtt is wrongs 
the HC0n4 right, ibi* in following H we tdill hold to the fattdamental 
pi^iple thm living mt^tmal nets by •virtue of its sttmtuH, p#b-» 
vided that we allow the term structure to be used in a seSWe 
which carHea it beyond (he limits of anatomical investiudMv 
/.e. beyond the knowledge which can be attdined ehher^ 'fish 
sca^>el pr Ihe microscope^ We thus (as I haVe 
fiem funmion to struCtmee^ Ihsteed the dtbey 

The depailare from the trisditfexts ol our eckl^ WHiilfis; 
this change of dheotion seenw to imply Is fedeNhl ;>iinietw 
apparent than In histmT df awe 

gieatest advanecs, we findihatilm 

preceded the knowfe^ oT struptoto* Hfidfef^S of 

trritabiUty isat kitowa dud bore Iwh* long Hefere 
known of the sttnatoee of ismMe. ^ ai a 'fetof littod^ v 
Bichat was led by hki rrOp^ifiOQ of she 
ences buMton wiai he fe^ed the fdOctlodi of fiifi 

anhnal to those anatomical MeatoHds which VjdW tlm 
of the meddttt icieiitee of Agalfi« in modh 

mcee recent times, the .hlveStlfiatton.ti^ toe iknettofi ol 
cells, hsiS been eaiM 0 O ddlh eudh rematkahfe^^j&Sfe 

byPttd: MifideAhaitt in wtth e<fhhi 
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jitt the first JmUnce hy nn^tomical methods of 
once the guide of Physlolo5y» has now 

jlMhlg th^ last ten or fifieen years Histology has carried her 
drr^eartih to such a d^ee of perfeotion that further 

K v^eht scerooly se^ts p<^tbte. As compare 1 wuh these 
tefi^ktodnta, the miimte anatomy of thirty years, ago 
ep^eati ctMibe*-^the skiU for which we once took credit seems 
tua^ oinmiiliiesa/ Xotwithatandin:}^ the proKlems of the future 
theif nature lie as cnmpterely out of reach of the one 
as pf ^ pthef- ft is by different methods of jnvestijgaiioa that 
ohtT better equipped snoeessors must gain insight of those vital 
psoceftaes 01 which even the ultimate results of microscopical 
analysis wHl ever be, as they are now, only the outward and 
vliltSte sign* 

\ 

Tn what has preceded, I have endeavoured to ahoW that at 
in^pt the fundamental questions in physiology, the pro* 
blemt which most urgently demand sofution, are those 
which relate to the endowments of apparently structureless 
living matter, and that the most inxportaUt part of the 
work of the immediate future will be the analysis of tliese 
endowments. With this view, what we have to do U, first, to 
^lect those cases in which the vital process offers itstelf in 
ill simplest form, and is consequently best tmderstoodf and, 
secondly, to inquire how far in these particular instances we 
epay^ talcing as our guide the principle I nave so often mentioned 
as mndamental, viz. the correlation of structure wiih function, 
of mechanism with action, proceed in drawing inferences as to 
the mechanism hy which these viiid processes are in these 
cii^test cases actually carried out. 

The most distinctive peculiarity of living matter as compared 
with non*Kving is that it is ever changing while ever the same, 
s,4f. that Life is a slate of cea«eless change. For our present pur- 
pose I must ask you, first, to distinguish between two kinds of 
change which are equally characteristic of living organisms— 
namely, those of growth and decay on the one hand, and those 
of nutrition on the other. Growth the biologist calls evolution* 
Growtfi means iho unfolding, <.r. development, of the latent 
potenti^ities of form and stru^ure which exist in the germ, and 
which it has derived by inheritance. A growing organism is 
not the same to-day as U was yesterday, and consequently not 
quite the same now as it was a minute ago, and never again 
will he. This kind of change 1 am going to ask you to exclude 
from consideration altogether at this moment, for in truth (t 
doott not belong to Physiology, but rather to Morphology, and 
to limit your attention to the other kind which incudes all 
oth«r vital phenomena. I designated it just now as luittkion, 
but "this word expresyes my meaning veiy inadequately. *The 
tekm which has been used for half a century to defecate the 
«um or complex of the non -developmental activities of an 
oi^nlsm is ‘^exchange of materml,” for which Prof. Foster has 
glW the very acceptable substitute Metabol^m. Metabolism 
if only another word for change,^' but in ming it we under- 
stand it to mean that, although an organism in respect of its 
dhyolopwent may never be what it has been, the phases df 
«i<i«iiiate_iwtivity and repose which mark the flow of its life- 
at^iun are recurrent. T/ife is a Cyvlosia in which the organism 
Murna aft^r ev«^ cycle to the same point of departutte, eVer 
dmigfbg yet ever the same, 

It It Timi antithesis whkh constlfntes the ^ssemlai distinction 
the, two great braocdies of^ldolocq^, the two opposite 
* ‘ *■ “ rta frsalf to the inquiring 


1 y^ioh the wcwld of Ufe, preset^ ^ ^ 

mkA M tbah* s^en from the morphologlchi aide, tlwe whole 
iiUid end ehkM kingdom qnhstitutes the unfofdiqg of a stmcr 
mind plah Which was onee latent ip a fdrm of IMng material of 
^plMliy* <3From the bh^fqgioai. aide this 
irmjy slmpk nmtew be eapabie of the dis- 

'amdions of eom|4eafr|r, ihdrefore must 
rapottditut cQm'mes:% of meowiism* It k the 

ill itlvbiBk WedWhism to 

nmft prog^ ae y«t b««n made, and 
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and ammonia, the doing of mechanical work, the production oi 
heat, light, and tjectricity. All these, excepting the last, are 
known to have chemical actions m their inveparable concomit- 
ants. As regards electricity, we have no proof of the depend- 
ence of the electrical properties of plants and animals on 
dmmioal action. But aU the other ac.ivities which have been 
inemionod are fundamentally chemical. 

Let ns first consider the te’atkm of oxygen to living matter 
and vital iwocess. For three-quarters of a century after the 
fundamental di'coveries of Lavoisier and Priestley (t772--76), the 
accepted doctrine was that the effete matter of the body was brought 
to the lungs, by the circulation and burnt there, of which fact the 
carbon dioxide expired seemed an obvious proof* Then came 
the discovery that arterial blood contained more oxygen than 
venous bIt>od,, and consequently that oxygen must be conveyed 
as su(^ by (be hlood-ttream to do its purifying work in all parts 
of the body, this advance in the understanding of the process 
being crowned a few years later by the discovery of the oxygen - 
carrying properties of the coLouring-msrter of the blood, in which 
the present President of the Uoyal Society took so prominent a 
oart, FinaPy, between iflya and 1S76, as the result of on ela- 
borate series of investigations of the respiratory process, the 
proof was given by PflUger' that the function of oxygen in the 
living organism is not to destroy effete matter either here or 
there, but rather to serve as a food for protoplasm, which, so 
long as it lives, is capable of charging itself with this gas, ab- 
sorbing it with such avidity, that, although its own sulxstance 
retains its integrity, do free oxygen can exist in its neighbour- 
hood. This dti^covery, of whi^ the importance is comparable 
with that of Lavoisier, con best be judged of by corns ide ring its 
influence on other fundamental conceptions of the vital process. 
'Phe generally accepted notion of effete matter waiijrig to be 
oxidised W'as associated with a more general one, viz. that the 
elaborate structure of the l)ody was not permanent, but con- 
stantly undergoing decay and renewal, what we have now 
learnt is, that the material to be oxidized crimes as much from 
the outside as the oxygen which burns it* though the reaction 
between them, f./. the oxidation, is intrinsic, t.e. lakes place 
within the living molecular framework, 

Pjotoplasm, tnCrefore, underitanding by the term the visible 
and tangible presentation to our senses of living material, comes 
to consist of two ihings—namely, of framework and of content-- 
of channel and of stream — of acting part which lives and is ^ 
stable, and of acted on jinit which has never lived and is labile, 
that is, in a Slate of inrtaboUsm, or chemical transformation. 

If such 1 m the relation between the living framework and the 
stream which bathes it, wc must aWribute to this living, stable, 
acting part, a property which is characteristic of the bodies 
called in physiological language ferments, or enzymes, the 
property which, following Berzdius, we have for the last half- 
century cxpresfccd by the word catalytic ; and use, without 
thereby claiming to understand if, to indicate a mode of action 
in which the agent which produces the change docs not itself 
take part in the decompositions whidi it produces, 

I have brought you to this point a-* the outcome of what we 
know as to the essential nature of the all-important ijeUtion 
between oxygen and life, In botanical physiology the geneml 
notion of a stable catalyzing framework, and of an interstitial 
labile material, which might be called catalyte, has been arrived 
at on quite other grounds. This notion is represented in plant 
phyrimogy by two words. botJi of which correspond in meaning 
*Micell«^ the word devised by Nagel i, and the better word 
Tagmatit. suh«tituted for it by Ffefffer. Niigeli’s word has been 
adopted by Prof. Sachs as the expression of his own thought in 
relation to the ultra-micirosCopical structure of the protoplasm of 
the plant cb^I* HU view U that certain well-known properties of 
organised bodies require for their cxpla^nat ion the admission that 
the aimplesi atructure Is itself made up of an arrangement 
units of a far inferior ordei of minuieness* It is these 
hyi^btheMl than NhgeU ha^ called micellae. 

Now:> Nhgdjll hi rile first Instance confounded the micellae with 
mofrcttles^ ebn^vijMF diat the molecule of living matter must be 
ofenrirmoiio sis^-* Inasmuch as we have no reas'mforbe- 

lleviag that any form of living material is chemically homo* 
geneotu, it iv#s soon recognized, perhaps fintt by Pfeflfer, but 
evantpally alto by Illkleh himself, that a miceUa, the ultimate 

* XrietAf, vni. vl„ 187#, p. 43* and viK X.. p. ?«, Vebflt 
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ekment of iivit^ loairrial, i& not equivalent to a molecule^ how- 
ever big or coftplex^ but mmt rather 1>e an artangettieot or 
l^udanx Of molecules of different kinds. Hence the word t«gme» 
ni^ used by PftedTer^^ has come to be accepted ns best expresiiug 
the notion. And here it must be noted that each of the phyalo- 
loghiU to whom reference has been made regarda the nMcellitb 
not as a mere aggregate of separate particles* out as connected 
together so as to F»nn a system* a conception which is in 
hamony with the view I gsve you just now from the side ^ 
animal physiology, of catalysing framework and mtersthiat 
cotidyeable matetial. 

To Prof, Sachs, thi'^ porous constitution of protoplasm serves 
1o explain the property of vital turgescence>-that is, its power 
of charging itself with aqueous liquid — a power whicli Sachs 
estimates to be so enormous that living protoplasm may, he 
bellies, be able to condense water which jt takes into its inter- 
stices to less than its normal volume. For our present pur- 
pose it is sttfheient for us to understand that to the greatest 
botanical thinkers, as well as to the greatest animal physio- 
logists, the ultimate mechanism by which life is carried on is not, 
as Prof, Sachs ^ puts it, " slime/* but **&, very distensible and 
exceedingly fine network.” 

And now let uS try to get a step further by crossing back in 
thoa|ht from plants to animals. At first sight, the elementary 
vital processes of life seem more complicated in the animal than 
in the plant, but they are, on the contrary, simpler ; for plant 
protoplasm^ though it may be structurally homogeneous, is 
dynamically polyetgic— it has many endowments-^ whereas in 
the animal organism there are cases in which a structure has 
only one function assigned to it. Of thU the best examples are 
to be fotmd among so-called excitable tissues, viz. those which 
are difierehtiated for the purpose of producing (along with beat) 
mechanical work, lights or electricity. In the life of the plant 
these endowments, if imjoyed at all, are enjoyed in common 
with others. 

By the study, therefore, of muscle, of light organ, and of 
electrical Organ, the vital mechanism is more accessible than by 
any other portal. About light organ wz as yet know littlei but 
the little we know is of value ; of electrical organs rather more ; 
about muscle a great deal 

To the esse ol muscle, Engel man n, one of the best observers 
^and thinkers on the elementary questions which we have now 
'before ws, has trensferred the terminology of Nageli and PfeJTer 
as descriptive of the mechanism of its contraction. IfuScuUr 
protoplasm differs from those kinds of living matter to which I 
have applied the term '^polyeigic,” in possessing a molecular 
structure comparable with that of a crystal in the respect, that 
each portion of the apparently homogeneous and transparent 
material of virhieh it insists resembles every other. 

With this ultra- microscopii^al structure, its structure as investi- 
gated by the microscope may be correlate, the central fact being 
that, just as a muscuUu fibre can be divided Into cylinders by 
cross-sections, so each such cylinder is made up of an indefinite 
number of inconceiva'^ly minute cylindrical parts, each of which 
is an epitome of the whole. These, Engelmann, following BreflTer, 
calls ino*tsgmata. So long as life lasts each minute phSatix luu 
the power of keeping its axL parallel with those of its neignbqurs, 
and of so acting within its own sphere as to produce, when^er 
it awakened from the state of rest to that of activity, a Buxton 
from poles to eqharor. In other wovd^, muscle, like ^ant proto- 
plusin, consists of a stable framework Of living cafaiy^ng 
substance, which governs the inechatdoat and chemical changes 
which occur in the interstitial catalysable material, wHh tm« 
diff(tt'ence, that here the ultra-microscopical structure resahibles 
that of a uniaxwl crystal/ whereas in plant protoplasm there 
may be no evuki^ce of sudt arrangement. 

According to this scheme of muscular structure, the contraption, . 
i.r. the change of j(brm which, if allowed, a muscle under^oea 
when fttImuJatOd, has Us^t not in the system of tagmata but ip 
the interstitial matetial which surrounds ic, and cOnalats In the 
migration of that labile materia! from pole to equator, 
synchronous sudden disengUgiMeitt m 

heat and change in the ekretyM state of the Bvlng iabsf^pe. 
Let us now ^ how for the schetbe will help us to on imw- 
stahding bfthis inarvetlbni eonootphtmee of chemioal, eleo^i^f 
amir mechanical' change* 

It U not neQessmy tt pioye to you that the disehatge of cadlw j 
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dioxide and the prodiuction of beat >Jhkdi We knbw^to .^ 
associated with that awakening of a muscle to actNty whld|t :i^ 
call stimulatiom are indices oT oxklatkm. II we take ^hls 
in connection with the view that ha« jOst been given of 
mechanUm of contraction, it is obvious that there abtat bV la 
the sphere of each tagms nn accumulation of o^xygen and dai^ 
dizabie material, and that concomitantly with or onteaedenUy to 
the migration of liquid from pole td ^aator, these nmit come 
into encounter. Let ns for a moment suppose that a solh)^ 
carbohydrate Is the catalyrable material, that this is aocumulaied 
equatorially, and oxygen at the poles, and consequently that 
between equator and poles water and carbon dioxide, the only 
products of the explosion, are ret free. That the process m 
really of this nature is the conclusion to which an elaborate study 
of the electrical phenomena which accompany It has led one of 
the most eminent physiologists of the present time, Prof. 
Bernstein.^ To this f wish for a moment to ask yonr attention. 

Prof. Bernstein's view of the mcdecular structure of mnscuiar 
protoplasm is in entire accordance with the theory of PBiiger 
and with the scheme of Engelmann, with this addition, that 
each ino-tagma is electrically polarized when in a state of rest, 
depolarized at the moment of excitation or stimulation, and that 
the axes of the tagmata are so directed that (hey are always 
parallel to the surface of the fibre,, and consequently have their 
positive sides exposed. In this ameixled form the theoiy admits 
of being harmonized with the fundamental facts of muscle- 
electricHy-^namely, that cut surfaces are negative to sound snr- 
faces, and excited |MrtB to inactive-^provided that the direction 
6f the hypothetical polarization is from equator to pole, i.e. that 
in the resting state the poles of each tagma are charged with 
negative ions, the equators with positive ; and consequently that 
the direction of the discharge in the catalyte at the moment that 
the polarization disappears is from pole to equator. 

Time forbids me even to attempt to explain how this theory 
enables iia to express more consistently the accepted explana- 
tions of many collateral phenomeua, particularly those of meetrO’ 
tonus. I am content to show you that it is not impossible to 
regard the three phenomena — vU, chemical explosion, sudden 
electrical change, and change of form -as all manifestations of 
one and the same process— as products of the same mechanlsffl. 

In plants, in certain organs or parts in which movement takes 
place, as in muscles in response to stimulation, the physiological 
conditions are the same or similar, but the strnotnral very 
di^erent ; for the effect is produced not by a ohonge of form, 
but by a diminution of volume of the exdted port, and this con- 
sists not of fibres, but of cells. The way in which the dimmn- 
tion of volume of the whole organ is brought about is b/ 
diminution of the volume of each cell, an effect whloh eon 
obviously bji produced by flow of liquid out of the cdt. At 
first sight therefore the differences are much more striking than 
the resemblances. 

But it is not so in reality, for the more closely we“ onr 
attention on the elementary process rather than on Itfo 
external form, the Stronger appears the analogy^thO mree 
complete the correspondenoc. The state of turgor^ OS it 
has been long called by botanical physiologfotii, ' 
of which the frame work of the protoplasm of dhjb 
retains Us content with a tenacity to which, 1 have already 
is the analogue of the state of polarisation of BemMi 
regards Its state of n^regation, it can sohrcrly be dloUbted 
that, inasmuch as the^ectrica! conoofoitams of excltato j^f 
the plant cell so cloady corre>I>ou4 with thoae of m ' ‘ 
also w tagmata nee cy&ndrfo^, and have their axes , 
each other. Beyimd this wn ouftht ifot to allow 

tion to carre ns^ but It is Scarcely possible to tefimin footn 
log this infereio^ with the et^a^nlng nfotfon ofprett^a 
In living plant cells is of the indioe^ of vitality, 

1 think be lupposed/ this movenrem is 
medianick) amJon Of the Moving oh hoeM; Wf M 
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, U dtiiM .not seem to me very rwh to eotidpate thst if it 

1)^1 to rneke experiment to-morrov it would be 

tU ^ 

f^yetbns eudeevonred (building on two principles in pfaysio- 
dvstly that of the conaunt correletion of mechanism and 
A(mn> of stnictnre end hinctlon« and secondly the identity of 
ptaat and animal Hfe both as regards mechanism and stmcture ; 
and M two experimentally aaceitatncd elementary relationsr 
tIs. m nriation of living matter or protoplasm to water on the 
one lumdf andto oxygen and food on the other) to present to you 
in part the outline or sketch of what might, if i had time to 
cbvnplete It, be an adequate conception oT the mechanism and 
process of life as it present^; itself under the simplest con- 
ditions, To complete this outline, 10 far as I can to-day, 
1 have but one other consideration to bring before you, one 
whi^ is connected with the last of my four points of departure 
-*-that of the relation of oxygen to protoplasm, a relation which 
springs out of the avidity with which, without being oxidised or 
evensensiblyaUered in chemical constitution, it seizes upon oxygen 
and stores It for its own purposes. The consideration which uiis 
suggests k that if the oxygen and oxidizable material are con- 
stantly stored, they must either constantly or at intervals be dis- 
charge and inasmuch os we know that in every Instance 
witliMt exception in which heat is produced or work is done, 
these processes have discharge of water and of carbon dioxide 
for their concomitants, we are justified in regarding these dis- 
charges at the sign of expenditure, the charging with oxygen as 
the algn of restitution. In other words, a new characteristic of 
living process springs out of those we have already had before 
ns— tamely, that it is a constantly recurring alternation of op- 
posite and complementary states, that of activity or discharge, 
that of rest or restitution. 

Is U so, or is it not ? In the minds of most physiologists the 
disUnotioD between the phenomena of discharge and the pheno- 
mena of restitution {ErAoiung) is fundamental, but beyond this, 
unattimity ceases. Two distinguished men, one in Germany and 
one in England— I refer to Prof. Hering and Dr. Goskell— have 
taken, on independent grounds, a different view to the one above 
suggested, according to which, life consists, not of alternations 
b^een rest and activity, charge and discharge, loading and 
exploding, but between two kinds of activity, two kinds of 
e^^orion, which differ only in the direction in which they act, 
in the circumstance that they are antagonistic to each other. 

>Iqw when we compare the two processes of rest, which as 
reganU living matter means restitution, and discharge, which 
means action, with each other, they may further be distinguished 
in this respect, that, whereas restitution is autonomic, goes 
on continnously like the administrative functions of a well-ordered 
oommunity, the other is occasional, takes place only at the 
auggestion of external influences ; ihat, in other words, the con. 
traet between action and rest is (in relation to protoplasm) 
esaentially the same as between Waking and sleeping. 

It k in accordance with this analogy between the alternation 


the term Stimulus fyikAeim^)^ meaning thereby nothing 

more tlitan that it is hy external disturbin|: or interfkring influence 
of Home kind that energies stored in living material are (for the 
moat suddenly) discharged. Now, if I were to maintain 
relation is not autonomic, but determined, as waking is, 
itn egtmrmd stimirius*-*that it differs from wsdcing only in the 
tUraccioti In svhich the jHiiipulacion acts, i.a In the tendency 
towards honstruption on the one hand, towards destfucriaii on 
ibould fiririy and as deark as possible express the 
f^pOtrbte #bic^ as 1 haee said, the two distinguished teachers 1 
ivjive miMtfoned, tk. Dr. C^keHV and /Haring, have 
frillwrited wlrioh haye npw become f^ffiar to every 
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and external influences or stimuli, as we know the dismtegrating 
processes to be ; and accordingly Hering finds it neoesaary to 
include under the term stimuli not only those which determine 
action, but to create a hew class of stimuli which he calls Assimi- 
£aiu>Ht^Jfnup those which, instead of waking living mechanism 
to action, provoke It to rest. 

It is unfortunately impoiisible within the compass of an address 
like the present to place before you the wide range of experi- 
mental fads which have led two of the strongest intellects of our 
time to adopt a theory which, when looked at a priori^ seems so 
contradicto^. 1 must content myself with mentioning that 
Hering was led to it chiefly by the study of one of the examples 
to which I referred in my iniroduciion — namely, the colour-dis- 
criminating functions of the retina ; Dr. Goskell by the study of 
that very instructive class of phenomena which reveal to us that 
among the channels by which the brain maintains its sovereign 
power as supreme regulator of all the complicated processes 
which go on in the different parts of the animal organism, there are 
some which convey only commands to action, others commands 
to rest, the former being called by Gaskell catabolic, the latter 
anabolic. To go further than this would not only wear out your 
patience but would carry me beyond the limits 1 proposed to 
myself, viz. the mechanism of life m its simplest aspects, I there- 
fore leave the subject here, adding one word only. The distinc- 
tion which has suggested to their authors the words on which 
I have been commenting is a real one, but it implies 
rather the interference with each other of the simultaneous 
operation of two regulating mechanisms, than an antagonism 
between two processes of opposite tendencies carried on oy the 
same mechamam ; or, putting it otherwise, that the observed 
antagonism is between one nervous mechanism and another, 
and not between two antagonistic functions of the same living 
material. 

Without attempting to recapitulate, 1 have a word to say by 
way of conclusion on a question which may probably have 
suggested itself to some of my audience. 

I have indicated to you that although scientific tlioughtdoes 
not, like speculative, oscillate from side to side, but marches 
forward with a continued and uninterrupterl progress, the stages 
of that progress may be marked by characteristic tendencies ; 
and 1 have endeavoured to show that in physiology the questions 
which concentrate to themselves the roost lively interest are 
those which lie at the basis of the elementary mechanism of 
life. 

The word Life is used in physiology in what, if you like, may 
be called a technical sense, and denotes only that state of ckangi 
with perfftanence which I have endeavoured to set forth to you. 
In this restricted sense of the word, therefore, the question 
** What is iMt?** is one to which the answer is approachable ; 
but I need not §ay that in a higher sen ^e— higher because it 
appeals to higher faculties in our nature— the word suggests 
soraethlt^ outside of mechanism, which may perchance be its 
cause rather than its effect. 

The tendency to recognize such a relation as this is what we 
mean by vitalism. At the beginning of this discourse I referreil 
to the anti-vitallstic tendency which accompanied the gpeat 
advance of knowledge that took place at the middle of the 
century. But even at the height of this movement there was a 
reaction towards vitalism, of which Virchow,* the founder of 
modem pathology, was the greatest exponent. Now, a genera- 
tion later, a tendency in the same direction is manifesting itself 
in various quarters. What does this tendency mean ? It has 
to my mind the same significance now that it had then. Thirty 
years ago the discovery of the cell as the basis of viul function 
was new, and the mystery which before belonged to the oiganisAi, 
was tramferred to the unit, which while it served to explain 
every thing was itself unexplained. The discovery of the cell ' 
seemed to be a very close approarii to the mechanism of life, 
but now nre striving to get even closer, and with the same 
resdlt* Our measurements are more exact, our methods finer ; 
but those very methods brii^ us to close quarters with pheno- 
ipena which, although within reach of exact investigation, a^e as 
regards ri*fdr essence involved in a mystery which is the more 
proficuod the more it is brought into contrast with the exact 
Lnowiedge we possess of surrounding conditions. 

If what t ^ve said U true, there la little ground foe the 
apprebenskm that exists in the minds of some that the habit of 
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sorttHn^Ag the mechitmsm of life tends to make men re||anl 
nv^hat can i‘e so learned as fhc only kind of knjwled^je. The 
tendency is liow certainly rather in the other direction, What 
wt have to guaa| against is the mixing of two methods, and so 
far as «ae are concerned the intrusion into our eut ject of philo- 
sophical speculation. Let us willingly and with our hearts do 
homage to “ divine Philosophy,” but let that homage be rendered 
outside the limits of our science. X.et those who are so Inclined, 
cross the frontier and philosophise ; but to me it appears to be 
more conducive to progres*; that we should do our best to furnish 

f irofesBed philosophers with such facts relating to structure and 
unction as may serve them as aids in the investigation of 
those deei>er problems which CDticern man’s relations to the pa&t, 
the present, and the unknown future. 


SECTION H. 

ANTHROrOLOnV. 

Opekino Atiduess by pRor. Sir William Turner, M.B., 
LL.D., F.RvSS. L. & E., pREsinENT of the Section. 

Twenty .six years have |>as.sefl by since the British Association | 
for the Advancement of Science last assembled in this city. 
Many of the incidents of that meeting are atill fresh in my 
memory, the more vividly, perhaps, because it was* the first 
meeting of the Association that I ha<i attended, The weather, 
so important n factor in most of our functions, was dry and 
liright. The vi^sitor, instead of being enshrouded in that canopy 
of mist and smoke which so often meets the traveller as he 
apivoaches your city, was greeted with light and sunshine. The 
coidial welcome and reception so freely granted by the com- 
* munity, and more especially the princely > el gracious hospitality 
exercUed b^ the President, your eminent townsman, now Lord 
Armstrong, are all deeply imprinted on my memory. But, 
apart from these Rttractions, which added so much to the 
amenities of the occasion, the meeting was one of deep interest 
to all those Members and Associates who were engaged in 
biological study. 

LyelPs famous book on^ the Antiquity of Man” had been 
published shortly before. The essays on the ** Origin of Species ” 
by natural selection, by Charles Darwin and Alfred Russel 
Wallaoe, had ap|>fiared only five years earlier in the Journal of 
the Linnean Society, and in 1859 Darwin’s treatise on the 
*' Origin of Species,” in which its iilustrious author summarised 
the facts he had collected and the conclusions at which be had 
arrived, had been published. Although no President of the 
Hritish Association had up to that time given his adhesion to 
the new theory, yet it was clear that men were beginning to 
see, in many instances perhaps only dimly, how the theory of 
evolution by natural selection was destined to work a remark- 
able change,. amuiinting almost to a revolution, in our conceptions 
of biological questions generally, and their applicability to the 
study of roan. 

At th.'tt time Anthropology had not assumed so definite a 
position in the Work ot the Association as it now possesses. 
Neither a Department nor a Section was devoted to it, and the 
subjects which it embraces were scattered abroad, either In the 
Department of Anatomy and Physiolo^, in the Section of 
Geography and Ethnology, in that of Geology, or in that of 
Statistics. It is true that a vigorouii attempt was made about 
that time to give it a more independent portion, but it was not 
until the Association met in Nottingham, in 1B66, chat it was 
assigned a definite Dei^artment, and at the Montreal meeting, In 
m 4 . Anihropology assumed the dignity of a Section. 

But although ihe youngest Section of the Association, the 
'^Science of Man is not the youngest of the sciences. Lopg 
before the British Association came into existence, Man, in hS 
physical racial, geological, and psychological aspects, had been 
studied by hosts of able and industrious inquirers. All that the 
Association has done in estahlishing a special Section of Anthro- 
pological Science has been fo^bring together, as it were, into a 
tiingie fcictts all those workers who apply fhemselves to .the study 
of man in his vaiious aspects. 

As presiding over the proceedings of the Section on Utis 
occasion, it is , a part of tny duty to open its public bnskess with 
an addrrss. For me, as doubtless for many of those who hav^ 
preceded me in this hbnoumble office, one’s mind has beeb 
somewhat exerbised in the choice of a subject, tn a branch df 
biological science so vast as Anthropology, in whioh the ^room 


for selection is m ample, the dlfficolty of making a t^edee Is 
perhaps still further increased. As a professional andtotf^ 
whose life’s work it has been to study the structure df 
human body in its normal aspects, to inquire into the ve^riwtlMM 
which it es hi bits in different Individuals, and to comiNice Sts 
structure wiih that of various forms cjff animal Bfe, It at first 
occurred to me that an address on the physical chamcterisfics Wf 
some of the races of men would 1>e appropriate. But fiiilber 
' consideration led me to think that such a subject wotild be too 
' technical for a general audience, and that It mif^t purhi^ be 
( productive of greater interest on the pert of my auditors if I 
j selected a topic which, whilst fitrtctly scientific in all its beariug** 
j yet appeals more distinctly to the popular mind, and h now 
j attracting attention. Hence I have chosen the subject of 
j Heredity, by which I mean that s^peeial property through which 
the peculiarities of an organism are transmuted to its desoead- 
afits throughout successive generations, so that the ofTspring, in 
their main features, resemble their parents. 

The subject of Heredity, if I may say so, is in the air at the 
present time. The journals and magazines, tmth scientific and 
literary, are continually discussing it, and valuable treatises on the 
subject are appearing at frequent intervals. But though So 
important a topic of existing scientific thought and speculation, 
it is by no means a new subject, and certain of Its aspects were 
under discussion so far back as the time of Aristotle. The 
prominence which it has assumed of late years is in connection 
with its bearing on the Darwinian Theory of Natural Selection, 
and, consequently, biologists generally have had their attention 
directed to it. But in its refitious to Man, hU structure, 
functions, and disease^, it has long occupied a prominent position 
in the minds of anatomists, physiologists, and physicians. That 
certain diseases, for example, are hereditary was recognUed by 
Hippocrates, who slated generally that hereditary diseases arc 
dimcult to remove, and the influence which the hereditary 
transmission of disease exercises upon the duration of life is the 
.subject of a chapter in numerous works On practical medicine, 
and forms an important element in the valuation of lives for life 
iniiurance, 

The first aspect of the question which has to be detertained is 
whether any physical l>asi8 can be found for Heredity. Is there 
any evidence that the two parents c'jntribute each a portion of 
its substance to the production of the offspring so that a physical 
continuity is established between successtve generations? The 
careful study, especially daring the last few years, of the 
development of a number of species of animals mostly bat not 
exclusively among the luvertebrata, by various observed, of 
whom I may especially natne Biitschli, Fol, E. Van Beneden, 
and Hertwig, has established the important fact that the young 
animal arises by the fusion within the egg or germ-celt of an 
extremely minute particle derived from tlw male parent with on 
almost equally minute particle derived from the germ^^l 
produced tjy the female parent. I'hesc particles are teehniCiitly 
termed in the former ca>e the ma/e pronutUus^ in the latter the’ 
feviaU prmucUus, and the body formed by their fusion is oafted 
the segmentation nudtus. These nuclei ate to SinaH tbot ft 
seems almost a contradiction in terms to speak of thiSt 
magnitude ; rather one might say their minimitode, fat ft 
requires the higher powers of the best microscopes to see tbtfte 
and follow out the process of conjugation, But notwitbrtandht^ 
their extreme minuteness, the pronuclei and the segmentatlob 
nucleus are complex both in chemical and molecular atrtsctmre, 
From the segmentation nucleus produced by the^ fosl<m oflHo 
pronuclei with each other, and from correspoodbig 
. which occur in the protoplasm of the egg which surrouflda^^ 

[ other cells arise by a process gf diviaionfand ^hese hi tb^r tbm 
also multiply by division. These celh arrange themseivto bi 
course of time into layers which are icrmed the geTminid ^ 
embryonic layers. From thes^ layers arise all the tlwee 
organs of the body, both in its embryonic and adnlt atMs bf ^ 
The slarting-poim of each mdividual oi[gamtm^Lr,.bf 
generathm-^is thwfote "the segmentation nUbtas. Sirpry tfW4in 
the adult body is derived hy descent from that nutteii 
repeated division^ As the segmentation ncclens is 
the fusion of material dcHvca from botii parenhh h 
continaity is egtablbbed between parents anaio^l&tprli^. 
physical Continuity carded with it certain wh^ 

the Offspring to rapindocc, ttdl only the 
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jnilitfi And MiaifUitMi iQthttlAndAticjr to parHctriArdiMAses* 

IMi tflWiiAiiwiAh oi chwTftcteris from parent to of^pring U 
ip the #dl-kpowa expre^Moo that “like beget* 
KBA it re^ upoa a phtnical bnai^. 

tlkt neaeil tlwfmrticies wWhftredem^ from the parents, 
AaUed tHemaSaaBdi fenaaltt pronoclei, the potent iality of which 
If sO'Bttei'iy out of pr<>portlo)i to their bulk, is almojt inconceiV' 
abhf ami] when compared with the magnitude of the adult 
body. Ftti^r, by the continual process of division of the 
o«H*i the snbgta&CQ of the aegmentatiun nucleus is diflfaaed 
throughout the body of the new individual produced through its 
IniNence, so that cell contains but an infinitesimal particle 
of it. The parental dilution, if I may so say, is so attenuated 
as to surpass the imagination of even the most ortsdulous believer 
in me attenuation of drugs by dilution, And yet these particles 
are su^cient to stamp the chara(itera of the parents, of the 
gruidparents, and of still more remote ancestors on the ofispring, 
and to preserve them throughout life, notwithstandiog the 
ooDstaut changes to U^hkh the cells forming the tissues and 
organs of the body are subjected in connection with iheit use 
and nutrition. So maFvelltiUR, indeed, is the wliole process, 
thsrt even the exact contributions to recent knowledge on the 
fusion of the two pronuclei, instead of diminishing our wonder, 
have intensified the force of the expression “ ma^um herfiiitatii 

fn consideTing the question of how new individuals are pro- 
dUf^ed, one must keep in mind that it is not every cell in the 
body which can act os a centre of reproduction for n new 
generatioa, but that certain cells, which we name germ-cclls 
and sperm -cells, are set aside for that purpose. These cells, 
destined for the production of the next generation, form but 
a sm^ jnroportion of the body of the animal in which they 
are attaated. They are, ns a rule, marked off from the rest 
of the cells of its body at an early period of development. 
The exaiGt stage at which they become specially differentiated 
for reproductive purposes varies, however, in different organ- 
isms. In some organisms, as is said by liAlbiani to be the case 
in CMifv*wmus^ they apparently become isolated before the 
formation of the germinal layers is completed ; but, as a rule, 
their apoetranoe is later, nnd in the higher organisms not until 
the development of the bcxly is relatively much more advanced. 

The germ-cells after their ittolatir^n take no part in the growth 
of ithe ofgaoiam in which they arise, and their chief association 
with the other oells of iw body is that certain of the latter are of 
semoe In their nutrition. The problem, therefore, for consider- 
atton is the mode in which these germ or reproductive cells 
becoine influenced, so that after being isolated from the cells 
which make up the bulk of the body of the parent they 
can transmit to the offspring the characters of the parent 
orgwaism. Varioas speculations and theories have been ad- 
vauoiRl by way of explanation. The welbknown theory of 
Fattgenwiis, which Charles Darwin with characteristic motlera- 
tkui put forward as merely a provisional hypothesis, assumes 
ttiBt are thrown off" from each different cell or unit 

tfo^wghout the body which retain the characters of the cells from 
wAdah they spring ; that the gemmules aggitsgate themselves 
eithbrto form or to become included within the reproductive 
«etta ; and that in this maimer they and the characters which 
convey a^ capadjle of being transmitted in a dormant state 
to successive generations, and to reproduce in them the likeness 
of their i^arents, grandparents, and still older ancestors, 

Ih and Tour years afterwards, in 1876^ Mr» Francis 

^fcon jtebHahod most suggestive papers on Kinship and 
HetWtHty (Proo, ttoy, Soc, Lopd., 187a# and Journ. Anthrop. 
IttSJ,, vok V., t«^). fin the latter of these paper* be developed 
tfae'MMavifaitt “dw suihdotal of the germs, gemmules, or what- 
ever idief be colled/* which ore to be found In the newly 
MHoed ovipn, oanadtute a sUrp, or root { that thegerms which 


struts ifidividuAl, aud'wliieh constitutes, 
J|n«»«fofoj^ilie;penioiial stmotove ; the other, which remaiiai latent 
mieitidl Vitel, and forms, wit weror^ an andevefoped miduam ; 

ttm Iktent or residual gemw that the seaaal 
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Suli8e<ment to the publication of Mr. Gabon’s essaye^ eatoobie 
oont riba Irons to the subject of Heredity have been. madOr by 
Profs. Brool^s, la^er, Naegeli, Nusshaum, Wehtmaon^ and 
others. Prof. Weismann’s theory of Herediiy emliodUs the 
same functa mental idea as that propounded by Mr, Galton'i hut 
as he has employed in its elucidation a nbraseology which is 
more in harmony with that generally used by biol moists, it ha* 
had mote immediate attention given to it. As Weismann's 
essays have, during the present year, been translated for aad 
published by the Clarendon Press (Oxford, 1 889). under the 
editorial superfotendence of Messrs, Pouhon, Schonland, and 
Shipley, they are now readily acceiwible to pM English readers. 

Weiimann ask,s the fundamental qiicsti “ How is it that 
a single cell of the body can coutaiu within hself all the 
hereditary tendencies of the whole organism ? ” He at once 
discards the theory of pangenesis, and states that in his belief 
the geim-cell, so far as its esseniiul and chaiactcristic snhstance 
is concerned, is not derived at all from the body of the indi- 
vidual in which it is produced, but directly from the parent 
germ- cell front which the individual has also arisen. He calls 
his theory the i‘ott/inui(;y of the plasm ^ and he bases it upon 

the supposition that in each individual a portion of the specific 
germ -plasm derivetl from the germ -cell of the parent is not used 
up in the construction of the l)ody of that individual, but is 
reserved unchanged for the formation of thi* germ -cells of the 
succeeding- generation. Thus, like Mr. Galtoit, he recognixes 
that in the stii^> or germ there are two classes of cells destineri 
for entirely distinct purposes: the one for the development of 
the soma or bcKly of the individual, which class he calls the 
somatic cells ; the other for the perpetuation of the si^ecies, i.e. 
for reproduction. 

In further exposition of his theory Weismann goes on to say, 
as the process of fertiliiation is attended by a conjugation of the 
nuclei of the reproductive cells — the ]>ronuclei referred to in an 
earlier part of this address— that the nuclear substance must be 
the sole l>carer of hereditary tendencies. The two uniting 
nuclei would contain the germ plasms of the parents, and 
thi* germ-plasm also would contain that of the grandparent* as 
well ax that of all previous generations. 

To make these somewhat abstract propositions a little more 
clear, 1 have devised the following grai>hic mode of repre- 
sentation : — 

B C El 

Let the capital letters A, H, C, D, A'c. , express a series of 
successive gcrcrations. Suppose A to be the starting-ppinr, 
and to represent the somatic or personal structure of an indi- 
vidual ; then a may stand fur the reproductive cells, or germ- 
planm, from which the offspring of A, viz. H, is produced, 
il, like A, has both a personal structure and reproductive cells 
or gcrm-plaam, the latter of which is r.^presented by the letters 
ab^ vrhich arc intended to show that whilst belonging to R they 
have ft line of continuity with A. C stands for an individual of 
the third generation, in which the reproductive plasm is indi- 
cated by ahe^ to express that, though within the body of C, the 
germ- pi asm is continuous with that of both h and a. D also 
contains the reproductive cells, cth(.d^ which are continuous 
with ihe gerni-plosm of the three preceding generatlcns and 
so on. 

It follows, therefore, from this theory that the germ -plasm 
posseatea throughout the same complex cliemical nnd molecular 
structure, and that it would pass through the same stages when 
the conditions of development are the satne. so that the same 
final product would arise; Each successive generation would 
have therefore an ideptical starting-point, so that an ide.iUoal 


Weianuinn does not absolutely aasert that on organism cannot 
exercise a ittodifoing influence upon the germ-cells within it ; 
yet he limits tK& influence to such slight effect as that uVeh 
would arise from the nutrition and growth of the individual and 
the reactitm of (he germ- cell upon changes of nutrition caused 
by alteration in growth at the periphery, leading to &o jto obange 
in the sise* number, and arrungetnetits of its molecular units. 

he- throws great doubt ufton the existence of such a re-i 
action^ and be,' more emphatically than Mr. Galton, argues 
against (he idea that the cells which make up the somatic qr 
personal siructute of the individual excrebe any influem on 
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the ire^ctiidttccive ««Us, From hit point of view the structure! or 
which cheiecteriee a ihmilr> a race* or a apeci^ 
are de^m spletv htom the reproductive cells through continuity 
of their germ*p{MU;i> and are not liable to tnodihcation the 
action on them t^^e organs or tissues of the body of the indi> 
vidual organism in which they are situated. To return for one 
moment to my graphic iltostration in elucidation of this part of 
the theory. The cells which make up the personal structure of 
A or B would exercise no eflect upon the character of the re- 
productive cells a or aif contained within them. These Lat^r 
would not be modified or changed in their properties by the 
action of the individual organism A or B, The individual B 
would be in hereditary descent, not from A -I- a, but only from 
a* with which its germ-plasma would he continuous, and 
through which the properties of the family, race, or species 
would be transmitted to C, and so on to other successive 
generationa 

The central idea of Heredity is permanency ; that like begets 
like, or, a* Mr, Gallon more fitly puts it, that *Mike to pro- 
duce |ike/^ But though the ofiTspring conform with their parents 
in all their main characteristic^^yet, as everyone knows, the child 
is not absolutely like its parents, but possesses its own character, 
its own individuality. It is easy for anyone to recognise that | 
difliereoces exist amongst men when he compares one individual ’ 
with another ; but it is equally easy for those who make a 8]>ecial 
study of animats to recognise individual differences in them also. 
Thus a pigeon or canary fancier distinguishes without fail the 
various birds in his flock, and a shepherd knows every sheep 
under bis charge. But the anatomist tells u$ that these diffisr- 
ences are more than superficial**that they also pervade the 
internal structure of the b^y. In a paper which 1 read to the 
meeting of this Association in Birmingham so long ago as 1865,^ 
•after iwtiug a series of instances of variation in stmeture 
observed in the dissections of a number of human bodies^ I 
aumepansed my conclusion as follows : ** Hence, in the deveJop- 
tnent of each individuah, a morphological speeialiaation occurs 
both in internal structure and external form by which distinctive 
cheracten are conferred, so that each man’s structural in- 
dividuality is an expression of the sum of the individual 
variattoos of all the constituent parts of his fcame.*’ 

As ip that paper I was discussing, the subject only in its 
morpholo^ca! ce&iOns, I limited myself to that aspect of the 
question ; but I m^ht with equal propriety have al^ extended 
my coiiclusion to other aspects of man's nature. 

Intimately assodated, therefore, with the cmception of 
Heredity-^that is, the transmission of characters common to 
both parent and offiipriag^-is that of Variability— that is, the 
' f^>pearanoe in an oitfan{sm of certain characters which are 
unlike those powessen by its parents. Heredity, therefore, may 
be defined ap^ the perpetuation of the like ; Variability, as the 
production of the unlike. 

And now we may ask, Is it possible to offer any feasible 
explanation of the mode in which variations in organic stmeture 
take their rise in the course of development of an individttid 
organism ? Anything that one may si^ on this bead is of oimtne 
a matter of spe^ation, but certain facts may be adduced as 
offering a basis for the construction of an hj^besla, and on 
this matter Prof. Weismann makes a mu^r of Iqgenlous 
si^testions. 

IRior to the conjugation of the male and female pronudei to 
form the segmentation nucleus a portion of the germ-ptasm is 
« extruded from the egg to form what are called the p^kr Min, 
Various theories have been advanced to accodot tir the signi- 
ficance of this curious phenomenon. WeUmann explains it bn 
the hypothesis that a reductiim of the number of ancestral gehn- 
plasms in the nucleus of the egg is a necestaty pnepsiutioa for 
fertilization and for the dlBvelopment of the young animal. He 
supposes that by the expulsion of the polar bodies one-haif the 
number of micestral germ-plasms is removed, and that the 
odgtffol bulk is restorra by the addition of the male proamdens 
to uiat which remains. As precisely corresponding molecules of 
this plasm need not be expeued ftfim each ovum, similar anoes- 
tral plasms f$xp not retained^ia eadi case ; so that dbreraftia 
would arise even in the mM geaeKation and between the olQEpHpg 
of the same parents. 

, Minute though the aegmentntion nucleus is, yet microscopic 
research has s£rwn that it is not a homopeneoua struotimeas 
body, but is built of dlffiBseht parts. Most noteworthy am 

* fmataedMuof fivetlom, p. tir, xBCjfc oUdTnuu, Bay. fioc* Kdlttbu^ 

W>L xxtv., xS 69 . 


the presence of extneaufiy delicate theends or fibrils, called the 
Ji/sMmnxt which are cither coiled oa eadi other, or 
livtenect to form a network-like arrangements In the meshee pT 
this network a vinous— and, so far as we yet know^stjmctitndcin 
^^-sobstance is sHuated. Before the proeeis of division befiks 
in the segmentation nucleus these filaments swell up and /then 
proceed to arrange Ummselves at first into one atkd then into two 
star-like figures before the actual division of the nooleus takes 
place.) It U obvious, therefore, that the molcculea which enter 
into the formation of- the segmentation nucleus can move within 
its substance, and can undergo a readjustment In. size and form 
and position. But this readjustment of materia] is, without 
doubt, not limited to tho^e relatively coarse particles which can 
be seen and examined under the microeoope, but ai^lies to the 
entire molecular structure of the seg^'Centaiioa nucleus. Now it 
must be remembered that the celts of (he embryo from which all 
the tissues and organs of the adult body are derived are them- 
selves descendants of the segmentation nucleus, and they will 
doubtless inherit from it both the power of transmitting definite 
charaoteri and a certain capacity for readjustment both of their 
constituent materials and the relative pc^sitions whidb they may 
assume towards each other. One might conceive, therefore, 
that if in a succession of organisms derived from common 
ancestors the molecular particles were to be of the same com- 
position and to arrange themselves in the segmentation nucleus 
and in the cells deriv^ from it on the same lines, these successive 
generations would be alike ; but if the lines of adjustment and the 
molecular constitution were to vary in the different generations, 
then the products would not be quite the same, variations in 
structure, and to some extent also in the construction of parts, 
would arise, and the unlike would be produced. 

In this connection it is also to be kept in mind that in the higher 
organisms, and, indeed, inmulticellularorganisms generally, on In- 
dividual is derived, not from one parent only, but from two greats. 
WeUmann emphasizes this oombipation as the cause ^ the pro- 
duction of variations and the transmission of hereditary individual 
characters. If the proportion of the particles derived from each 
parent and the forces which they exercise were precisely the 
same in any individual case, then one could conceive that the 
product would he a mean of the components provided by the 
two parents. But if one parent were to contribute a larger 
prop^ion than the other to the formation of a partkiuar 
orgaaism, then the balance would be disturbed, the ofisprii^ In 
its chmacter would incline more to one prent than to the o&er, 
according to the proportion oontribuled by each, and a greater 
for the produetton of variations would be provided. These 
differences would be increased in number in the course of 
geoeratiOQt, owing to new combinationi of indlvkluai eharacteni 
arising in each generation. 

As long as tM variations which are produced hi an organUm 
are collectively within a certain limitation, th^ are merely 
individual variations, and express the range within which such 
an organism, though exhibiting differences from its neighbours, 
may yet be classed along with Uiem in the same spedes, |t kin 
this sense that I have discussed the term VartabilUy up to the 
present stage of this address. Thus all those varieties of mankind 
which, on account of differences In the colour of dk akin, we 
speak of as the white, bkek, ydlow racesaod red-skint are men* 
and they all belofig to chat spedes which the zoolo(^ 

/fmo sapiens. 


But the subject of VariahMIty cannot, in the premt state xd 
science, be confined in ht dkewon to the pronuedon of indi- 
vidual vanations wi^n the limitations of a oommon epedwt^ 
Since Charles Darwin enunciated the propoutlon thnt&vonnilde 
variatiotts would tend to lie preserved, and antavoumlde ohea to 
be deatroyed, and that the residt of this double action, by me 
aeOnmnUtion of mbinb» exkliag diffkrences, would be the ikr^ 
motion of new species by a procesa of natural selection, d# * 
anlject hak^idtal^ a mndk U^der scope, haa aO(|uired 
importance, and has Ibrmed the bads of many 
Utlofis and hypotheaei^ As variations, when once Ihe^/mbNir 
arisen, may ^ traatmitted, tlm Dnri^nlan 

might be defisied Hnredi^ modified and inffudb^ 
Variability r ' 

Thk is not the {dace to oh a 
I>arwuikn Oiocuy, ^ klum 
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luMt of U. dot there are some aspects of the theory 
, ttoed to be Teihmed to in connectioti with the subject 

si^ before its. It may be admitted that many variatioiu which 
ttiNiy arise in the dcn^eetcmment of an individual, and which are of 
service to that indhrlaiiali wottld tend to be preserved as»l 
peimetttated In it* oi&priiks by heredhaiy transtousion. But it 
is msa wuhout qoestion that variations which are of no service, 
and, ihdeedi are detrimental, to the individual in which they 
rOpoor, are also capable of being hereditarily transmitteiU This 
statev^nt is amply borne ont in the study of those important 
deflects in bodily structure which pathologists group together 
under the name of Congenital Malformations, 1 do not require 
to go into much detail on this head, or to cite cases in which the 
congenital defect can only be exposed by dissection, but may 
refer, by way of illustration, to one or two examples in which 
the defect is visible on the surface of the body. The commonest 
form of malformation the hereditary transmission of which has 
been proved is where an increase in the number of digits on the 
hands or feet, w on both, occurs in certain families, numerous 
instances of which haye now been put on record, But in other 
families there is an hereditary tendency to a diminution in the 
number of digits or to a defect in the development df those 
■existing. 1 may give an illustration which occurred in the 
family of one of my pupils, the deformity in which consisted in 
a shortening or imperfect growth of the metacaipal bone of the 
ring finger of the left hand, so that the length of that finger was 
much below the normal. This family defect was traceable 
throughout six generations, and perhaps even in a seventh, and 
was, as a rule, transmitted alternately from the males to the females 
of the family {yourtt. A not, and Pkys., vol. xviii. p. 463) — 


F? 



In this and the fellowing dlagrAins M staiulB for iHRle, F for female^ whilst 
the block type M or p) iwki ihe indiyiduel or genenlhw in whicb the 
variation Qccuri^ 

Another noticeable deformity which is known to be here* 
•ditary in some families, and which may be familiar to sohie of 



my auditovtt, is that of imperfect development of thaitclM lip and 
roof of the mouth, technically known os barc'Hp and dm palate. 

Those examples fHostrate what may be called the coarser, kutds 
of hereditaiy deformity, where the redundancies or ddTectS in 
parts of the body are so gross as at once to attract attenUdn. 
But modifications or variations in structure that can be transmit* 
ted feom parent to offspring are by no means limited to duuoges 
which can be detected by me naked eye. They are sometimes 
so minute as to be determined rather by the momfications which 
th^ occasion in the function of the o^n than ^ the ready recog* 
nition of structural variations. One of the most interesting of these 
is (he affection known as Daltonism, or colour-blindness, which 
has distinctly been shown to be hereditary, and which is due, ap- 
parently in the mmority of cases, to a defect in the development 
of the retina, or 01 the nerve of sight which ends in it, though in 
some instances th^ may be occasioned by defective development 
of the brain tCself. Dr. Horner has related a most interesting 
family history (cited in Die Allgemeine Pathologic,” by Dr. 
Edwin K lebs, Jena, iSS^), in which the colour-blindness was traced 
through seven generations. In this family the males were the 
persons affected, though the peculiarity was transmitted through 
the females, who themselves remained unaffected. The famOy 
tree showed that in the sixth generation seven mothers had 
children. Their sons, collectively nine in number, were all 
colour-blind with the exception of one son, while none of their 
nine daughters showed the hereditary defect. (See diagram 
below.) 

The eye is not the only organ of sense which exhibits a ten- 
den^ to the production of hereditary congenital defects. The 
ear is similarly affected, and intimately associated with congeni- 
tal deafness is an inability to s(u;ak articulately, which occasions 
the condition termed Deaf-mutism. Statisticians have given 
some attention to this subject, both as regards its relative 
freouenew and its heteditaTy character. The writer of the article 

Vital Statistics,*' in the Report of the Irish Census Commis- 
sioners during the decades ending 1S51, 1861, 1871, has dis- 
cussed at some length the subject of congenital deaf-mutism, and 
has produced a mass of evidence which proves that it is often 
hereditarily transmitted. In the Census Report for 1871 (vol. Ixxii, 
Part II., ** Report on the Status of Disease,*’ p. x, 1873), 3297 
persons were returned as belonging to this class, and in 393 cases 
the previous or collateral bram^s of the family were also mute. 
In ail of these the condition was transmitted through the 
father ; in tSa through the mother. In 2579 cases there was 
one deaf-mute in a family ; in 379 Instances, two ; in 191 families, 
three ; in 53, four ; in 21, five ; in 5, six ; and in each of two 
families no fewer than seven deaf-mutes were bom of the same 
parents. In one of these two fiuniltes neither hai^inry pre^s* 
position nor any other probable physiological 'ipt pathological 
ii* »•««>«> to account for the ^uliarity, bat in the 
other fa 4 l^ the parents were first cousins. Mr. David Buxton, 
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refers to several femilies where the deaf*mutism has been trans- 
mitted through three successive generations, though in some 
instaoce* the affection passes over one gen^ion to reappear in 
the next. He also tobttee a case of a family of sixteen persons, 
eight dT whom Were bom deaf and dumb, and one at least of the 
members of which tmomnltted the offhetion to his deacMdnntsms ■ 
lar as the third generatioiu There can be Uttle doubt Umt cOn- 





m tke ffreat trajority of inttuicofii is 
iMtitk ft tt«feciVve &veiopii^, »ad therdbto ft 
strocHUftf vmrislioo cf the oi^gaa^ af^eiriAfe ihosgh Lft kime 
cfts^ periMi|»^ih« defect may be in the ^Tolopment of tbe 
bndn itodf* 

Ahbovig^b % sufBtiai^nt aomber of cases baa now been put on 
TBCord to prove (bat in some famitiea one ot other bind of qon* 
geniial defoTinity may be hereditariiy transmitted, yet I do not 
wtah it to V>e sof posed that oongemtal matfoniuiiimis may rmt 
arise m indi^iduab in vdiom no hereditary tendenqr can be 
tiiftced^ It is nndOEubtecUy true tjtiftt family histories are in many 
cases very defective, and frequently cannot be followed back for 
moreidian one, or, at the most, two generations ; so that it is 
not unlikely that an htitdiury piedisposition may exist in many 
instances where it cannot be ]>rovcd. Sill), allowiDg even for a 
considerable proportion of such cases, a suHRcient number wit) 
remain to warrant the statement that malformations or variations 
in structuic wbieb have not been displayed by their ancestors 
arise, in individuals belonging to a particular generation. 

The variations whith I Imve spoken of as conmnital malfor- 
mations arise, as a rale, before the time of birth, during the early 
development of the individual ; but there is an important ^ass of 
cases, in whidi the evidence for hereditary transmission U more 
or less strong, which may not exhibit their peculiarities until 
months, or even years, after the birth of the individual. This 
class is spoken of as hereditary diseases, and thie structuial and 
functional changes which they produce exercise most momentous 
induvncee. Sometimes these diseases may occasion changes in 
the tissues and organs of the body of considerable magnitude, 
but at other times the alteration is much more subtle, is mole- 
cular in its character, requires the tnicroscape for its determina- 
tion, or is even incapable of being recognised by that instru- 
ment. * " 

Hod one been discussing the subject of hereditary disease 
twenty years ago, the first example probably that would have 
been Mduced would have>een tuberculosis, but the additions to 
pur knowledge of late yearn throw some doubt upon its here- 
ditary character. There can, of ctmrse, be no question that 
tnbercalar disease propagates itself in numerous families from 
getieradon to genei atioa, and that such families show a special 
susceptibility or tendency to this disease in one or other of its 
forma. But whilst fully admitting the predisposition to it which 
exists in certain families, (here is reason to think that the &tmc- 
tufal disease itself is not herediiarily transmitted, but that it is 


dilMtly eaoised in etask individttal whom iCv appftm k 
pieoesa of externat inlbmion due ea tbe aeston of dm tu ia wi n 
baeHluv. SM, if ihe diseWttwtf be notr inhoritedv 
temperftosent which renders the eno«tHniion lS|d>br to be 
by it is capable of here^tnry tiwumMhn. 

Sir Tames Paget, ^ whefi wfiting on the saT^eet of caneeri.gbaa 
statisucs to show that about a mnutee of the pemons aflaetwl 
were aware of the eiistanoe of the same disease m other mem- 
bets of their fistmly, attd be cites parkkular histaneei b wMdr 
cancer was present in two and even four gewenukms. He Nd 
DO doubt that the disease con be inheritvd-~not, he aayo^ 
that, strictly speaking, cancer or cancerous maierial is liaae^ 
mined, but a tendency to the production of thoi^e cewdkioiBa 
wMch will bnally manifest themselves in ft cancerous growtlL 
The germ from the cancerous parent must be so far diftbpSFat 
from the normal as after the lapse of years to engender tfaC 
cknceroQS condition. 

Heredity is also one of the most powerful faetors ' in the pro- 
duction of those affections which we call gout and Tbeunsatlscn. 
Sir Dyce Duckworth, the latest systematic writer on gout, states 
that in those families whose histories are the most complete and 
trustworthy the influence is strongly shown, and oocars in* from' 
50 to 75 per cent, of the cases ; further, that the children of 
gouty parents show signs of articular gout at an age when tl^y 
have not assumed those habits of life and peculiarities of diet 
which are regarded as the excKing causes of the disease. 

Some interesting and insfruciivc family histories, in which the 
bcredltary transmission of a particular disease through several 
generations has been M*orked out; are recorded by Prof. Klebs 
m his “AllRemeine Patbolt^ie. I may dmw from these one 
or two additional illustrations. Some families exhibit a re- 
markable tendency to bleed when the surface of the body U 
injured or bruised, and the bleeding is stopped with difficulty. 
The hsemorrhagic tendency is not due to the state of the blood, 
but to ft softening or degeneration of the walls of the blood- 
vessels, so that they are easily lorn. In one family, the tree of 
which is here subjoined, this peculiarity showtd itself in one 
generation in three out of four males ; in the next generation, in 
thirteen out of fourteen males ; uhilsi in the immediately succeed- 
ing generation only one out of nine males was affect^ ; so that it 
would seem as if the tendency was fading away in it. It is re- 
markable that throughout the series, though the transmission of 
the affection went ihrcmgh the female members, they thetoielvea 
remained free from it. 


77it family Mamptl^ recorded by Dr. 
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. Another iJIiMtration may be taken from the well-known dieeaae affection (hat the main were affected in four generationa, (bi>nff|h 
of the eyeball callect cataract. Ur. Appenaeller hae given, an the females did not entirely escape, as is shown in the subjoined 
account of a faitiiJy which exhibited so strong a tendency to this family tree. 


i 


i ^ 



l»ntither0f these familidi am it be Mid that ihe stifiwklfal 1 10 ctufty wUh^it imd Sn 

leM«& haelf U itai»mitted, but that the tendency or predispok- ( form of : 

tSon in produce it k inherited; Tlw tP^rm-plaim, tfterefpM, iu ‘'.»TLttu»s 00 Saruidii 

th^ individuaJs must have been sb modified from normal as ^y tlw eatS3?s^1(^^R!Sir ^ 
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’ l0 cc^Mctiao wlt^ the tendency to the tnmsmMhiUty of 
(ib^gewltftl malform^tiatib or coa««Qgiiintty ia 

by no means a tonttunt occurrence^ is a 
fii^or, ^)^iob in many caaes must be taken into consideration.^ 
If «rc conid cohceire both ptarents to be phystolofflcaUy perfect, 
then it inay be prenuroed that the offspring would be «o also ; 


•either the imhtediate oflTifpring or a aticceedirig gen^;ration wifi 
-display a corresponding departure in n gfcaier or less degree. 
Should both parents be phy^siologicaliy imperfcctt we may expect 
the Imperfections if they are of a like nature to be inienained 
in the children. It is in this respect, therefore, that the Hak of 
•consanguineous marriages arises, for no family can lay claim to 
physidlogical pcrfecuon. 


When we speak of tendencie<i, susceptibilities proclivities, or 
predisposition to the transmission of characters, whether they be 
normal or pathological, we employ terms which undoubtedly 
have a certain vagueness. We are as yet quite unable to recog- 
nise, by observation alone, in the germ 'plasm any structural 
change which would enable us to say that a particular tendency 
-or susceptibility will be manifested in an organism derived from 
it. We can only determine tins by following out tlie lifehlstory 
of the individual. Still it U not the less true that these terms 
expteas a something of the importance of which we are all 
■consc ous. So far as Man U concerned, the evidence in favour 
of a tendency to the transmission of both structural and functional 
modifications which are either of dis-service, or positively in- 
jurious, or both, is quite as capable of proof as that for the 
transmission of characters which are likely to be of service. 
Hence useless as well as useful characters may be selected and 
ttansmitied hereditarily. 

I have dwelt somewhat at length on the iransmUsibiUty of 
useless characters, for it is an aspect of the subject which more 
-especially presents itself to the notice of the pitholo.’ist and 
physician t and bttle, if at ail, to that of those naturalists whose 
etttdies are almost exclusively directed to the examination of 
os^anisms in their normal condition lint when we look at Min, 
his diseases form so large a factor in his life that they and the 
-efleCfs which they produce cannot be ignored in the study of his 
naure. 

Much has been said and written during the last few years of 
the transmission from parents to nff^pring of characters which 
bave been *' acquired by the parent, so that I cannot altogether i 
omit some reference to this subject. It will conduce to one*s 
clearness of perception of this much-discussed question if one j 
•defines at the outset in what sense the term acquired charac- 
ters is employed ; and it is the more advisable that this should 
be done, as the expression has not always been used with the 
same signiScation, This term may be used in a wide or in a 
andfc restricted Sense. In its wider meaning it may cover all 
the characters whidi make their first appearance in an individual, 
and whidh are not found in its parents, in whatever way they 
haye ariaeo— 

(t) Whether their origin be due to such molecular changca 

ttie genn-ptasm as may be called spontaneoua, leading to such 
An alteration in its character as may produce a new variatlbn ; 
or, 

la) Whether their origin be accidental, or due to habits, or to 
the nature of the HUrroundings, such aa climate, food, Ac. 

Prof, Weismann has pointed out with great force the necessity 
nf dixtinguishlng between these two kinds of ** acquired charac- 
ters,** and he has auggested two fermjs the employment of which 
may keep before ub how important it is that these di^erent 
modes of orighi should be recognisied. Characters whihh are 
psTodnoed in the germ-plasm Itself by naturaUeleotion, and all 
dfber dmaacters which restrlt from this latter , cause, he naihes 
He fnnher matintains that all blast<wenic character 
Aah be transmitted j and in this conclibidn* doubtless, most 
pesi^ yai agree with him* On the other hand* n« uses 
^ term to eapms* those eharactera which ‘first 

Mijaear in the body Itself* and which fallow from the reaction 
dif ihe seem under direct eatenkal infimmeea. He kmipdes under 
ef which folWfrotn 

W dWlphdied t^ertwmanb* ^ fune^i, those dirnaly 
andwny .of 'tite', , ether -idfihences 






which act upon the body. Hi further maintains that tb® somato- 
genic charaCiers are npt capable of tran<imtBsign from parent to 
ofiapring, and he suggests that in future discuB*$ions onJhis subject 
the term acqniredcharactcrs *' should be restrictsd to those 
which ore Somatogenic. 

Thus one rnight say that blaxtogemc characters arising in the 
germ would be acquired in the individual by the action of the 
l^etm upon the soma ; so that if we return again to tht graphic 
lUustration previously employed, the germ- plasm repi'e^eated by 
the small italic letters would act upon the soma repre- 
sented by the capital letters A,, B, C, P. Somatpgenlc charac- 
ters, again, arising in the soma, would be acquired by the action 
of the soma A, B. C, D. upon the conutned germ -plasm 
aM. But whether those acquired characters expressed by the 
term somatogenic cm or can oot be tranimUted has been fruitful 
of discussion. 

That the transmission of characters so acquire 1 can take 
place is the foundation of the theory of Liolarck, who imarinod 
that the gradual transforrantion of spicies was due to a chxn jc 
in the structure of a part of an organism under the infi lence of 
new conditions of lire, and that such modifications could be 
transmitted to the offspring. It was also regarded as of import- 
ance by Charles Darwin, who stated^ that all the changes of 
corporeal structure and mental p^>wer cannot be exclusively 
attributed to the natural selection of such variations as arc often 
called spontaneous, but that great value must be given to the 
inherited effects of use and disuse, some also to the modifica- 
tion in the direct and prolonged action of changed conditions 
of life, also to occasional reversions of structure. Herbert 
■Spencer believes^ that the natural selection of favourable 
varieties is not in itself sufficient to account for the whole of 
organic evolution. He attaches a greater importance than 
Darwin did to the share of u'iie and disuse in the trivismission of 
variations. He believes that the inheritance of functionally 
produced modifications of structure takes place umversally, and 
that as the modification of structure by function is a vsra rafisa 
ax regards the individual, it is unreasonable to suppose that it 
leaves no traces in posterity. 

On the other hand, there arc very eminent authorities who 
contend that the somatogenic acquired chiracters are not transmis- 
sible from parent to offspring. Mr. I'VancU Gallon, for example, 
gives a very qualified assent to this proposition. Prof. His, of 
lAlpzig, doubts its validity. Prof. Weismann says that there is no 
proff of it. Mr. Alfred Kussrl Wallace, in his roost recent work,* 
considers that the direct action of the environment, even if we 
admit that its effects on the individual are transmitted by inherit- 
ance, are so small in comparison with the amount of spontaneous 
variation of every part of the organism that they mast be quite 
over-shadowed by the latter. Whatever other causes, he says, 
have been at work, natural selection is supreme to an extent 
which even Darwin himself hesitated to cUiai for it. 

There is thus a conflict of opinion amongst the authorities 
who have given probably the aifijit thought to the consideration 
of this question. It may appear, there fore, to be both rash and 
presumptuous on my part to otfer an opinion on this subject, I 
should, indeed, have been slow to do <o had I not thought that 
there were some aspects of the qaestiqn which seemed not to 
have been aufficientfy consultrcd In its discussion. 

In the first place, ! would, however, ex^ureas my agreement 
wUh much that has been said by Prof. Weismann on the want 
of aufficient evidence to justify the statement that a mut ilation 
which has affected a parent can be transmitted to the offspring. • 
It is, 1 suppose, within the range of knowledge of most of us 
that children born of parents who have lost an eye, an arm, or a 
leg, come into the world with the full complement of eyes and 
limbs. The mutilation of the parent has not affected the off- 
spring; tthd one wniild, Indeed, scarcely expect to find that such 
gross visible losses of parts as take place when a limb is removed 
by an acetdant or a surgical operation should be repeated in the 
offspring. W a similar remark is also applicable to such minor 
mutilations oa scars, the transmission of which to the offspring, 
though it has been stoutly contended for by some, yet seems not 
to be supported by suffidently definite Instanoes. 

i should soaroh for itluotratlons of the transmission of somato- 
fenk ohaco^ters in. the more subtle processes which affect living 
organisms, rather than those which are produced by violence 

* ssoond ediffea of *' Dsscont of Man,** rWs ; aba ** Origin o 

Ommikf gvolatloa/' NMtvtviA CfHittfy, xM6. 
s p. 443<t(Ondaiit 
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1 ihatl t^lbe t» my «xami!4« certain facti vhteh 
veil k^pwrt to those enfmged b the breedlni^ of fhrm-atock oi^ 
otl^r anlouds that m m utility to or are j^clally cultivated^ 
fay man. 4 

I do not refer to the influence on the oflspriog of impresnons 
made on the sensei and nervous system of the mother, the first 
statement of the effects of which we find In the book of Genesis, 
where Jacob set peeled rods before the flocks in order to influence 
the colour and markit^of their young ; though I may state that I 
have heard agricalttirSts relate instances from their own expe* 
rknee which they regarded as bearing out the view that im- 
pressions acting tht^gh the mother do influence her offspring. 
But I refer to what Is an axiom with those who breed any 
particular kind of stock, that to keep the strain pure, diere must 
ne no admixture with stock of another blood. For example, if 
a ihorthomed cow has a calf by a Highland sire, that cuf, of 
course, exhibits characters which are those of both its parents. 
But future calves which the same cow may have when their sires 
have been of the shorthorned blood, may, in addition to short- 
horn characters, have dthers which are not shorthomed but High- 
land. The most noteworthy instance of this transmission of 
characters acquired fixmt one sire through the same mother to her 
ofl^ing by other ^res is that given in the often- quoted experi- 
ment by a former Lord Morton.^ An Arabian mare in his 
possession produced a hybrid the sire of which was a quag^, 
and the young one was marked by zebradike stripes. But 
the same Arabian had subsequently two foals, the sire of 
whi^ was an Arab horse, and these also showed some zebra- 
like markings. How, then, did these markings characteristic 
of a very dinerept animal arise in these foals, both parents 
of which were Arabians ? I can imagine it being said that this 
was a case of reversion to a very remote striped ancestor, common 
'alike tO'tbe Horse and the quagga. But, to my mind, no such far- 
fetched and hypothetical explanation is necessary. The cause of 
the appearance of the strips seems to me to be much nearer and 
more obvious. I believe that the mother had acquired, daring 
her prolonged gestation with the hybrid, the power of transmit- 
ting quagga- like characters from it, owing to (he interchange of 
mate^l which had taken place between them in connection with 
the nutrition of the young one. For it must be kept in mind 
%h»X in placental mammals an interchange of material takes place 
in opposite directions, from the young to the mother as well as 
from the mother to the young* In this way the germ-plasm of 
the mother, belongi^ to ova which had not yet matured, had 
become modified whiUt still lodged in the ovary. This acquired 
modification had influenced' her future oflspriog, derived from 
that geim-plasffl, so that they in their turn, though in a more 
diluted form, exhibited wbra like markings. If this explanation 
be correct, then We Have an illustration of the germ-plasm 
having been .directly influenced by the soma, and of somatogenic 
acquired character* having been transmitted. 

But there are other facts to show thatt^e isolation of the germ- 
celU or germ -plasm from the soma cells is not so universal as might 
at the first glance be supposed. Weisroann himself admits that 
in the Hydrbida the germ-plasm is present in a very finely 
divided, and therefore invisible, state, in certain somatic celb in 
the berinning of embryonic development, and that It is then 
transmuted through innumerable cell generations to those nsmote 
individuals qf the colony in which sexual products are formed. 
The eminent botanist Prof. Sachs states that in the true mosses 
almost any of the celfr of the roots, leaves, and shoot axes may 
• fotm new shoots and give rise to independent Urine plants. 
Plants which produce flowers and fruit may also be raised from 
the leaves of tne 1 may also refer to what is more or 

fomiliar to everybody, that the tuber of the potato can give 
rise to a plant wbidi bear* flowers and fruit. Now in all these doses 
the germ-plasm is not collected in a definite receptacle isolated 
from the soma, bnt Is difliised through the cells of the leave* of 
the or amidst those of the tuber of the potato, and the 

propagation of the potato may take place througn the tuber for 
sever2 generations without the necessity of having to recur to 
the fruit for seed* ft seem* difficult, therefore, to underripiDd 
why, in such case*, the nufritlve processes which affect and 
modify the soma pells sbotiid not also react upon the gqrtii-]Wasm» 
which, os Wehmami admit*, is so intimately associated iritn 
them, t L 

< HaioMphlcal T#*»sactl0M,,*eib; fllw Darwin'* “Anlwls and PkMfiS 
imd«r DooMioatlon,** first odi^nfvul. i. p* xfi68. . 

So*, feir wtomnie, w Ha^y and Md 

Savory ; aim my '^Loetures on Coinpiiraiiva Aiwtokiy of (be plaoedta^ 
(£&burgh, 1876). 


Those who uphold th% view that character* acquired by fbe 
soma cannot be transmitt^ from pamuts to ofl^ringundbubtew 
draw so laige a cheque ott the bank of hyppttiesis that ohe 
it difficult, if not im^ssible, to honour jit, leit us oomii^er Ifik 
one moment all that is involved in the apoeptaabe of this theoiy, 
and apply it in the first instappe to Man. On the suppositm 
that ml mankind have been derived from common aacestore 
through the continuity of the germ^plasm, and that this plasin 
lias undergone no mi^ficotion from the or satna of the 

succession of individuals through whodi it has been tmofmiUed^ 
ie would follow that the primordial human germ^p|astn must fikwr 
contained within itself an extraordinary potentiality of develop- 
ment— a potentiality so varied that all those maUiform variatfona 
in physical structure, tendency to diseoiei temperament, and 
other characters and dispositions which have been exhibited by 
all the races and varieties of men who either now inhabit or at 
any period in the world's btstoty have Inhabited the earth, must 
have been included in it. But if we are to accept the theory of 
Natural Selection, os giving a valid explanation of the origth of 
new species, then the non-tranomissibility of somatogenic 
acquired characters has a much more far-reaching significance. 
For if all the organisms, whether vegetable, animal, or human, 
which have lived upon the earth have arisen by a more or Ie** 
continuous process of evolution from one or even several simple 
cellular organisms, it will follow, as a logical necessity of the 
theory, that these simple organisms roust have contained in their 
molecular constitution a potentiality of evolution into higher and 
more complex forms of life, through the production of variationSf 
without the intermediation of any external force or influence 
acting directly upon the soma. Farther, this must have endured 
throughout* succession of countless individual forms and species, 
extending over we know not how many thousands of years, and 
through the various geological and climatic changes which have 
affectra the globe. 

The power of producing these variations would therefore, on 
this theory, have been from the beginning innate to the germ- 
plasm, and uninfluenced in any way ^ its surroundings. 
Variations would have arisen sptmtaneously in it, and, for any- 
thing that we know, as it were by accident, and without a 
definite purport or object, But whether such variations would 
be of service or dis-service could not be ascertained until after 
their appearance in the soma had snbjected them to the test 
of the conditions of life and the environment. 

let us now glance at the other side of the question. All 
biolo^sts will, I suppose, accept the proposition that the 
individual aoma is influenced or modified by it* environment or 
surroundings. Now, if on the basis of this proposition the theory 
be grafted that modification* or variation* thux produced are 
capable of so affecting the germ-plasm of the individual la 
whom the variation arise* a* to be transmitted to ii* offir 
spring — and I have already given cases in point — then such 
wiations might be perpetuated. If the modification is of 
service, then presumably it will add to the yitabiUty of the 
individual, and through tbU interaction between the soma and 
the germ-plasm, in connection with their respective nutritive 
changes, will so affect the latter os to lead to It* being trSnsmiSl^ 
to the offspring. From this point of view the environment would^ ' 
os it were, determine and rebate the nature of those varktfon* 
which are to become hereditary, and the poesibiUiy df variations 
arising which are likely to prove useful become* greater than 
on the theory that the soma exercises no infiuence on the genn- 
plaSrn- Hence T am unable to accept the proposition that 
somatcfenic characters are not transmitted, and 1 cannof but 
think that they form on important factor in the produptfon of 
hereditary ohoracters. 

To reject the Influence which the use end disuse of nort* 
exereise both on the fodlftdaol and on bis oflMng is like 
ing at an object with only a single eye. , The morphd^iij^ ^ 
aspect of organic strncture is undoubtedly of fundamental jp-* 
portance. Imt it should not be forgotten that tisanes and , 

m addition to their sehiuctfon to the principle* of devetd^sna 
and de^m, have to certain specifio purpo^ and 

functfons, m that sfructurid modStcotiohs arise In thM in 
relation the tties tb which they ace piu, dh as to meWt' 
to perform modified iitay he oifiottlt to amlah 

exad vafoe tfinW adMUOrion nan exeiitiaemW; 
^psrpettuihion of vorfotfona, If the iHfofr or WxforUid 

CnMnitbiw. < Sk item, tte- 
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ttM thte variation might continue to 

fOf' A timn decent, ft wonfd probably become 

fdrpiili^f mndt^ and {:^h«ps ultimately disappear. One 
tpe^ a)an coooelvc that the introauction of a new habit or ex^ 
eopdltion the effect of which would be to produce a vo^U- 
Hbit io a dit^oft diffitrent from that which had originally been 
aogttte), would tend to nentralioe the influence of descent in the 
tYonAiolaidpa of the older character. 

% fmcepting the theory that aomatogenic characters ore tmna- 
mittcd we obtain a more ready explanation how men belonging 
to a race living in one climate or part of the globe can adapt 
themoeftfca to a climate of a different kind, un the theory of 
the non^transmisaibility of these acquired charactera, long 
penodfl of years would have to elapse before the process of 
adaptation could be effected. The weaker examples, on this 
thei^, would have had to have died out, and the racial variety 
would require to have been produced by the selection of 
\*ariMions arising slowly, and requiring one knows not how 
many hundreds or thousands of years to produce a race which 
could adapt itself to its new environment. We know, however, 
that this process of the dying out of the weakest and the 
selection it the strongest is not necessary to produce a race 
which possesses well- recognizable physical characters. For 
mosit of us can, 1 think, distinguish the nationality of a citizen 
of the United .States by his personal appearance, without being 
under the necessity of waiting to hear his speech and intonation 

It may perhaps be thought that, in selecting the subject of 
Menedity for my address, and in treating it, os 1 have to a 
la^e extent done, in its general biological aspects, 1 have 
infringed upon the province of fSection U. But i am not pre 
]>ared to admit that any such encroachment has been made. 
Alan is a living organism, with a physical structure which dis 
charges a variety of functions, and both structure and functions 
coTrespOBd in many respects, thoi^h with characteristic differ* 
encea, with those which arc found in animals. The study of his 
phj^sicol frame cannot therefore lie separated from (hat of other 
itving oi^anisms, and the processes which take place in the one 
must also be investigated in the other. Hence wc regulre, in the 
special consideration of the physical framework of Man, to give 
due weight to those general features of structure and functions 
which be shares in common with other living organisms. But 
whatever may have been the origin of his &ame, whether by 
evolution from s^e animal form or otherwise, we can scarcely 
expect it ever to attain any greater perfection than it at present 
possesses. 

The physical aspect of the question, although of vast import 
once and interest* yet by no means covers the whole ground of 
Man^s nature, form him we recognize the presence of ati element 
hevond and above hK animal framework. 

Man Is alfio endowed with a spiritual nature. He possesses a 
conscious responsibility which enables him to control his animal 
naturci to exerdse a discriminating power over his actions, and 
whidi places him on a far higher and sUogether different plat- 
form tmu) that occupied by the beasts which perish. The kind 
of evolution which we are to hope and strive for in Mm is ,the 
perfhotiqg of this spiritual nature, so iluft the standard of the 
whole human race may ht elevated and brought into more 
harmofiiotts relation with that which is holy and mvine. 
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Q^kcting nr /<» th* ^ Pi^nH 
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intimated at the close of the R^rt % tSdy,' the Com* 
gjlvan its attention in the nrtt instance to SooUand, 
A ^ch portion of the mtUerinhi placed at its 
iunrunyirtason, it coiners desirable tb publish. It 
I a considerable jtuumner pf plants pf little interest, 
> suci^iis the records show to be ireioent introduc- 
yWtoapM, Ac.* the loss of which is on^« return, 
to nn eat^i hot stlR Moeot, state, ; There is Ihtle 
'le ihttf rastdeteo, will be^ 

^ fpcMod aiw M ^e 

Mjkh 

'lo in tSUS, hav^ag' kw*ud by'a^ds^. 1 


are on the authority of some competent botanist resident in the 
locality^ and whose initials, or some distinguishing inHiala* are 
appended. As has beeu pointed out by morethan one correspond- 
ent, scarce plants occasionally well-nigh disappear in particular 
seasons, ana hence the records of other than frequent visitors are 
not fully reliable. 

The attention of botanists is particularly drawn to the records 
under the numbers ja, 264, 374, 406, 570, 575, 687, 910, 932, 
993, tOlS, 1020, 1475, 1695, and (772, as givii^ examples of 
divers ways, often very curious and interesting, in which plants 
can become extinct. 

The attention of the Committee's correspondents has been, in 
the main, conUned to complete or threatened extinction ; but in 
addition to this there is a general consensus of opinion that the 
rarer and more conspicuous Alpine plants are less abundant than 
they used to be. Amongst the localities specially mentioned 
are Clova and Ben Lawers ; such plants (in addition to those 
given in the list) as Saxt/ra^a dfrnuat Ahint ruklht GtHtiana 
mvaliSf Ac., are notably lesit frequent than twenty years ago. 
Strange rumouts have been communicated to the Committee as 
to the disappearance of plants from accessible habitats within 
the range of some of the deer forests,” but it is unable to 
verify these statements. Most of the correspondents agree, 
however, that the injudicious aclion of botanists themselves, and 
of botanical exchange clubs, has been a potent factor in the 
changes which have taken place. It is too often forgotten that 
the very nuity of a plant is the sign, and in great degree al o 
the measure, of the acuteness of its struggle for existence, and 
that when a plant is in a state of unstable equilibrium with its 
environment, a small disturbance may have disproportionately 
great effects. 

It will be observed that the ** dealer " and collector” figure 
largely, especially in connection with the disappearstaceof ferns. 
Thus one of the correspondents indicates (and offers to name) a 
dealer who has extirpated, or well-nigh extirpated, a consider- 
able number of species In the district of Dumfries, and whose 
conduct he bad brought under the notice of the local Natural 
History Society, of which the correspondent is Secretary. '* He 
had also removed and sold almost all of the plants of rlymphca 
alba from the lochs of this district before discovery ; but now, 1 
am happy (0 say, he is forbidden access to any estate in this 
district under penalty of prosecution for trespass. ” The atten- 
tion of Natural History Societies may well be drawn to this 
case, as it happily illustrates at (he same time one phase of the 
disease and a cui^. 

** Summer visitors ** do not apj)ear to be directly responsible 
for much damage, as their wanderiogs are probably over too re- 
stricted an area to produce much effect. There is no doubt, 
however, that they provide the larger portion of the customers 
of the collector,'^ and so arc indirectly answerable for his 
ravages. The temptation to bring home some rare and beautiful 
fern, like Aspidinm i^Polystichxm) Lonrhiiist as a relic of a 
northern trip, is too great to be resisted, though something may 
possibly be done by persuading tourists that equally good plants, 
taken up with all proper care, and at a season when transplant- 
ing is not dangerous, can be obtained from any great fern 
nursery, for a price which is practically lower, often much lower, 
than that chafed upon some Highland railway platform or 
roadside. 

The Committee feds, however, that neither local dealers nor 
their customers are as a rule amenable to any ordinary appeal or ^ 
to sentimental considerations, and would suggest therefore that 
the lOjcal Natural Hiltoiy Societies or Field Clubs should keep 
careful guard over any rare plants to be found within their re- 
Bpebttve spheres of action, and by appeal to the owner, or in 
other preferable way, aboold endeavour to effect their preserva- 
tion. A, I the same lime, many correspondents draw attention 
to the in^rtion by gaidening periodicals of the advertisements 
of coUeettRg dealers, a|td express the hope that the amount of 
revenue denved from these advertisements is not so great as to 
negative the possibility that the gardening journals may be in- 
duced, by dtsconrinhing their insertion, to strike a heavy blow 
at a pracsem wMds i* depriving many districts of our land of one 
of their cbfof natural biiuties. 

* TtpUh^n wjAesir* L. Extinct in Mid- Aberdeen, Ac. 
(W. W* and D M.). 

52. Ifymphm 4^, X. Almost extirpated from lochs in the 
^rict tdund Dumfries by a dealer (]f. >V.). Has disanpearad 
fobm the district of Bimi^ near Elgiui by drainage (G. and 
T. A.). 
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Jft. JificMpsis i^am'^rka, Vic. B«lteverl to ht etUrpatftd tton^ from Wc>t 4 hM Twatiw^ 

of Wnter of Lertl;) aoU Curne, Midlothian ( 0 ^ A. ' Once not imdommon oi^ the Mulmad Of Soone ; oowir^ ig^ 

59. C/aacitifft Crantx, Recorded in 1776 for rea- fioiO excirpotlog by {n»taDi«t« ainl others F*Oigtiirtjr 

^hore at Bay of^iRg, near Ahndeen, but not 4 rtce iSap (J. W. abundant within 4 mi^ifa of ForhHi ; now f*irtirMte 4 .f 

H* T.). Fotina sixty years ago <u Montrose Links j not now the wood at BrOdie* near Forres, Trom tt^ Wdod ctit 4 h^hv 

‘<R. B.). and from Cowl Woods^ near Si rath petfen Tt {a 4l40 

(84. DianiAus h. Occurred^ though not abund- iiw from Rothiemurwben, in this cgsc from^ the rapeeHy nf 

antly, in r^Htgh pasture near Olcncarse Smtioni rerthshfre ; has cwlectors (K.). 

been entirely depytoyed through the cultivation of the ground 945. se&iUa, Hook, Marsh near Edinburgh, 

B. VV.). This was one of its most northern stations. land Hills ; practically extirpated (G- A. F,). 

*07. Znhnh ^A^arin^ 1 .. Blackford Hill, Midlothian ; now 1 9^, As^»g& L. Has not been found fbriome 

very rare (G, A. P.), Arthur's Scat, Edinburgh ; supposed to years near the village of Balnahuish, on the Dornoch Firth (D.). 

be extirpated (G. A. P.), ^ This was its most northern station. 

aoH. LychnLi alpina. Is now becoming rare In its habitato 99;^ Mtrtmiia jwoniiffrrM, Don. Shingle at Day of Nigg, 
-on Clova Mountains {G. A. P.). Aheraeen; almost extirpated from SHingie l>eing removed to 

263. Hypericum perforatums I>. Formerly grew plentifully form Concrete blocks used in building a pi®*" **ome yean ago 

(near Cromarty Nursery, but has ceased to exist> as the ground ' (J. W. H. T.). 

now vi ed for agricultural purposes (T. A.). This was one of i 1006, EMum vnigare, L* Nearly extinct, through cttUWa- 

Sts most northern stations. . tion, in the Black Isle, between Inverness and Fottros^, 

264. Hyferimmouadrangulum^ 1 ^, Ha? wholly disappeared ' shire (T. A.). 

from ihe vicinity or Fortrose, Ross-shire, having been eaten by j tofS. Airopa BelUdmnay L. Has disappeared from Renlop 

•cattle or trodden down {T. A.). This was one of its most Abbey* near Blniie, by extraction, on account of the accidems 

northern stations. it had causetl (G ). Has not been seen for some years at the 

368. L&iut pihsHSy Bceke. Extinct round Alfordi M*id- Old Rutt, near Ganlude (T. A. }. TIviB eliminates two of the frw 
Anerdeenshire, from cultivation (W. WA. Scottish stations. 

374 Q^h*opis uralcusisy D.C. Grew in abundance near 1020. Hyoscyetmus ni^ery't,. Appeared in two or three places 
Invergordun, Kooi-abire, but on one occasion the medical man of in the neighbourhood Avoch, a fishing village on the Moray 

the town saw a man digging it up with a trowel, and it is n ^w Firth, but disappeared in a few years. Informant thinks it 

-extinct (T. A. ). would come up again if the ground were deeply trenched. Some 

375. OxytropU campenfrisy D.C. Rocks at Bradoony, Clova ; years ago an old elm was blown down and the root blasted, and 

now very rare j extirpated from all accessible parts of the rocks for two succeeding summera /I. nij^r grew luxuriantly in the 

^G. A. P.). hole caused by the tearing up of the root of the tree " (B, K., 

. 406. PMhyrus nij^cr, Wimm. Has well-nigh disappeared ^eT,A,). 

from its station at Ktlliecrankie Pass owing to the late guide to 1092. [/iricuiaria vff/jytrity and 10^, IP misery h. Ex- , 
i<he Pass showing U to all tourists. An appeal 10 the proprietor tlnct in Central Aberdeen (J. M. and w, W.). 

>might save the rest of the specimens, of which very few stations u6i, Aju^ pyramiMis] Has disappeared from In. Achiliy, 

-exist iF. B. W.). Dingwath Roa -shire Cf, A.). 

301. AgHmowa Kupatima,, L, Bsconait^ very sca-ce in Glen 1424. Bmie ^mdnpoliay L, There is one station near the 
Urqahart, Inverness-shire <Gr,). This wai one of its most town of Inverness ; nearly extinct, through the publioiiy of ils 
^northern station?. habitat, this being one of the chief resorts of the populatiop 

$25. Pyrm ArUy Sm. One specimen only (? P. jennicay I.,) (T. A»), 'Ibis is one of itx most northern stations, 

known in Arran ; now lod through injury (G. A. P.) Lost also 1431. Juncus iafAVttJ, Willd. toch of Park, and Links north 

.^rooi one or two other stations on ttie Weitern Highlands, and of Aberdeen ; never plentiful, and not seen for some years, 
now very rare in Scotland.. Cau^e of disappearance doubtful (I. W. H, T.). 

5^0. ScMtm re/exum, L, Found freely on a wall at Bimie, J457. Sparganitm' ramotumy Curtis; S. simpkXy Huds. ; S* 
Elgin ; disappeared through repairs (G.), Not native, affincy Sch. ; and . 5 *. minirnHw, Fr. All apparently extinct In 

575. Vraura anr/^ay Huds, Extinct in Kincardine (M^). M id- Aberdeen (W. W.). 

Exiinct roun i Alford, Mjd- Aberdeen, through drainage ( W. W.). 1478, SchtMchteria peHustrisy L. The only Scottish station 

577 * ^iippi^ns vu^^xhsy L, Extinct round Aifbrd, Mid- for this plant, a marsh near Metbven (kttovm hownlcally as 
Aberdeen, ^but still appears on the Imrders of Banffshire. ‘♦Meihven bo^’^'), has been lost ; perhaps from the outlet be- 

6h, Eryngium mariUmumy L. Found in the early port of oming blocked, so that more water collected than fhift F^nt 
the century pu the sandy coast at St Cyrus, near MontrO'C, and could stands but more probably from ^he aettlemeat there of a 
at St. Fergus, Peterhead, but cxiinct In both localities from large coteny of about 3000 biaek-heoded guHa, the reaoU bding 
unknown causes (J, W. IL T, and R. B,). the desiruciion of all but the rankest vegcifttipn (chiefly C4W 

687. L%nmi hcfrecUhy Gronov. Mas been cleared from near ampmllacta\ Very carefhl searching during the last three yeai?a 
DiugwalJ, Ros$-9htre, owing to the Wood in which it grew having has failed to show a trace of the plant (F. B. W.), 
heart cut down and the groimd cultivated (T. A.). Forww icpo. Cm-ix L* Has disappeared from Moxyr^l-tpwu 

grew at King^mtlls, but lw» been deiitroyed through cultivation Loch, KiHtcodbrii^itahire, through dtoiaage (J. M. A*)^ 

<G. T* A,). These are two of the most northern BrUbh 169$. Mr/i>4 mijhnil Ret*. Is not now found by the (fldf 

ataiioiM, of the burn at Gols{^e, Sutherland, probably from the hollow, 

'813, SifyAum Marionuniy Gaeutn. Has gone from the rocky caused by the upturned stool of a large tree which has been 
* itear Tarbet-ness lighthouse, Ross-shire (b.). Ihis fdont fr blown over, dcaiiiing the spot where It grew (J ). This waaits 
very rare in Scotland. most northern Soottish station. 

587, {AMgedium) Mnum. This plant was fottis 4 lyfid. Cryptogramm cAspa^ JL Br, (Patsfry fem)* 

(probably abnormally) on tfic Coreen HUis at about 700 feet, patod from several locaHlies in the viclidty of DumfriOS (|- 
but is now extinct (W. W.). Abundant thirty years i^b on an ancletil pw 

9ta Vaecinivm Qxymc0s^ L. Fornwrly grew in a piece of Bieohint now extirpated by tradera <IL B.)> G' 

mossy laud on the uplands nonb of Mealfoorvouny, a hill of OI4 177a. vi$id^ Hada Nearly extinct in ! 

Red Sandstone conglomerate above 3000 feet, but wHetbor the of Black M«» between tnveroeps and- Fott^se,, thixwgfr 
piaois were of recent introduction or lost survivors, they have and ctiUivatlon (T* 1 ^ 0 * been dxtMted from,^ opl 

-disapneared (Gr. ). habitats lO-Olkn yroaWi Inverbesa^W^ W kft 

920. PMhdoce taxifdmy, SaM. {MmAnU. The ooUeetc^ wfro s9u««a« in. the nmh^nc&pod «nd 

-only British habitat of this plinl fr the Sow of Afriol* and H h** ctndd nnd I but new froWbifr bava Wp - i 

now been nearly extirpated, for eale (KL u^d F, B. W.). - 1^3* Ajpfmixm Fkfrjjfrwowri Li Not noW- fbMbl 

.habitat is within sight of a gamekoapeFs house, so that iW ped- woW& Of iW* 

tection wouldbeeasy iftheDukeot Aihol, thftowher/cottldba ' A sjpk^um 
moved to that efiect. ' finm 

' ■929, P/rjM midiky Sw* ' 'Has dlsappeared'frpm , W'hha, Hifta* , 

-Coivond, Klrkcttdbrii^tfiibira, rhtough sheep .graaipg A*,), or 

Sx\ikb, {Pytm Eu- Oiodiented frtM« BwOtfra Rock, ttOifr'DuaSp 
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' Now very rare in Clova 

acc««^fl fiiac*8 (G. A. 

. t>et<V4 Almost extiriMtcid from 

i(|KmiuN%^towo t^owor^ KHkcUdbrightshlie^ by iWn*buniar$ 
Jki), Vt^^grdw on Ibe walls of Prmnkur^ Castle^ 
nUf or %m imms of tbo X^nke of Buccleuch, Dumfriesmirei but 
itOt:clN^fbi»fetd there (T. A.), 

ly^. Symons. Almost eittirpated 

from ‘ seyetnl pfacts in Atrkcudbrightshire by fern-hunters 
A.)« Extirpated fVom several places in the vicinity of ; 
jDhibffles (J. W.) On the burns falling into loch Ness there is ; 
tkow only one in which this plant is to be found, owing to the 
ravages of the itinerant fern-collector referred to under 1772. I 
It stHl txifits, however, in inaccessible stations (Gr, ). 

lySs. Woodtia ihtndi, R. Br. Well-nigh extirpated by fern- 
htmWiB from the Hoffat district (j. W. ). 

1767* m^ntana. This plant, though not at 

present really uncommon round At>erfcidy, will not improbably 
be made very scarce by fern -col lectori. It lias disappetued 
altogether from one of the stations in which it was hrst found in 
Britain (F. B. W.). 

1788. Polyslichum Lonchitis^ Roth. Almost extinct on Meal- 
fourv^mny Mountain, Inverncss-shlre, through the action of 
fem-collecKirs, and especially of the one referred to under 177a 
and 17&2 (Or.). Has been cleared from the Raven’s Rock, near 
Htrathpeffer, Dingwall, Ross-shire, by summer visitors (T. A.). 
Was plentiful near Castleton, Braemar^ formerly, but the guides 
learned that they could sell it at a shilling a plant, and it Is 
now difficult to get fT. A.). 

1803. Ph*gofyi(ris {PdypiHiium) Poturtiano^ A. Br. ; Poly- 
Mdium fo/careHm, Sm. Once abundant in the Mtis of an old 
limestone quany near Aberfeldy, but now nearly eradicated. 
Fem-hunting visitors aud tourists are .largely to blame for this, 
but the destruction has been completed by persons who collect 
ferns for sale. That the species is not altogether lost in the 
district is, however, shown by the fact that a few weeks ago a 
local fern-<huuter was offering plants for sale, and at the same 
time plants of 1787# Cysio^tris montaHn (F. B. W., July, 

1S87). 

1806. OsmuMda ngalis, L. Has disappeared from Ballin- 
gear Gku, New Galloway, and fr.>m other places, as Colvend, 
through the ravages of fem-hunters (J. M. A.). Extirpated 
from several localuies in the vicinity of Dumfries (J. W.), Has 
eniirely dtuappearod from Loch of Park, and nearly from the 
cliffs south of Aberdeen, In both of which localities it was 
formerly plentiful. Fern-ct^lectors are mainly responsible 
(J. W. H. T.), 

1809. PofrycMum Zumndi Sw. Formerly very local its the 
BbntUnds ; now extiroated (G. A. P.). 

MqHisdum hymadi^ L. Extinct in Mid^ Aberdeen 

g. M.). ■ 

ofthi CommitUt appointed for tht pnrposi of co^opermt- 
Sip{ti&h Metf0r^p;i€al Sofdety in nmkin^ 
OAirmr/ftfMJf on Bm Hfids. Mr. SHritary. 

The work of carrying on the observations hourly, by'nkht 
as w«B AS day, has been carried on by Mr. Omond und^is 
miitanta during the year with the same entHusuwm and un- 
broken contimuty ns in time past ; and the five daily observe- 
tlojta in conoection with the Ben Nevis Observatory hav^ been 
made, at Fdart W^lmni by Mr. livingston with the greatest 
yagwrity and pare< 

Ikm In llm jwevSotts year, the slate of the health of the ob- 
eervenf 'Ooeaskmed by their con at the top of 

tlm Wb^enerqhe in the open air is pmctkally im- 

part of the yean rendered It again 
rehhfdnfing the win^^ T)te 


Ihik forafek ia AihH mid May i and 

lliTy ^ a t»eiAV8 shrvka as db- 

ijf yiear, , Uiom. Om<^nd and. 

: dmdaig the, timb thw breve aeliev^d mm the work of 

the 

; ht and #e- j 

WeM beenidt^^ 


obtained. Selections from the photographs y^ere exhlbUed bF 
the! Scottish Mateorological Society and by the Royal Meieoro- 
lUgfcat Society during the winter session. Of these bboio^pbs 
fbur are submltied with thU Report— vie. ^t) a phbtogt^h 'of 
St. BIh»o*a (^) a cloud photographed at midDwht ^Jutie 
W yhari (3)2 remarkably fine photograph of a doud, p^ljr 
made up of flatlUned masses, which is occasionally formed in 
nvountainous district ; and (4) photographs of crystals on the 
ObservattHy and lUetrumentS outside. 

Mr. RsAKin has extiended and amplified his investigation 
the cases of St. Elmo's fire recorded at the Observatory; and 
the mult$, which are interesting and suggestive, have been 
published in the Joum. Boot. Meteor, boc. 

Mr. Omond has entered on an investigaiion of the relations of 
the wind direction on the top of Ben Nevis to the sea-level 
isolmric of the district ai the time, and to the storms advancing 
on the Atlantic towards North-Western Europe, as shown on 
the dally weather chans of the. northern hemisphere publibhed 
by the Meteorological Institutes of Germany and Denmark. 

This is properly only the commencement of a large discussioiv 
of the Ben Nevis observations in some of their more practical 
aspects, which will be undertaken and pushed forward next year 
on the l^lan referred to in last year’s Report, as rapidly as the 
means at the disposal of the Directors of the Observatory will 
adudt. 

This season (1889) the snow disappeared from the summit of 
the mountain in the middle of May, being about a month earlier 
than in any previous year, and seven weeks earlier than in 1885 ; 
and during the month of June the spring near the Observatory, 
and about 60 feet lower down, frequently tan dry, so that for 
some time water had to be carried on horseback a distance oT 
two and a half miles. 

The Directors have had under consideration a {proposed sys- 
tematic observation of the numbers of dust particles in the atmo- 
sphere with the instnunetu recently invented by Mr. Johiv 
Ahkcn, and they arc of opinion that the Ben Nevis Ol>scrvatory 
is the l^st place for making the observations in the moiit satis- 
factory manner. Mr. Aitkcn will himself superintend the con- 
struction of the two instruments which arc required, and will see 
to the placing of the stationary one in the O1>erva»ory, and its 
conned ions wUh the atmospbeie ouiside, in suitable i>osi lions, 
and give directions as to the portable one designed un a check in- 
strument, and for observations made at various diAtances from 
the Observatory. Applicaiion has been made for a grant fronv 
ihc Goveroment Research Fund to aid in carrying on this novel 
and important research. 

Mr. Ailken recently visited the Observatory, and ten observa- 
tions of the numbers of dust particles on the top of the mountain 
were made by Mr. Omond and himself, with the results that the 
numbers per cubic centimetre rose from 350 at noon to 500 at 
3p.m. This result of the first observation is interesting and 
suggestive. The purest air previously obtained by Mr. Ailken 
anywhere was on the Ayrslibe coa^t, and on that occasioji the 
numbers were 1260 pet cubic centimetre. It may be also ob- 
served that The numbers on Ben Nevis rose from noon to } p.m., 
the observations being made at the time of the day when aerial 
currema from lower levels ascend along the heated sides of the 
mountain to the Observaiory. 

In January last the Directors accepted an offer from the 
Meteofologicu Council that, on being satisfied that provision 
had been made for the maintenance of a Low Level Observatory 
at Fort William, they would supply and erect in the Ohservatoiy • 
the self-registering instruments and otherwise complete the ordi* 
nary outfit of meteorological inattumenis, and moke an annua) 
grant of ^^250 towards us maintenance, and also continue the 
grant of /|oo yearly under the present arrangement. 

Sinefc last Report, the Directors have received a legacy of 
jfsop bequeathed io the Observatory, by the late Mr. R. M. 
Hmith, who was one of the Directors ; and a ^ant of 1000 from 
the AMoohMion of the Edinburgh International Exhibitiou of 
1^6 from the Surplus Fund of the Exhibition. A suitable site 
for the ^w J-evel Observatory was procured in Fort William, 
and ptans of the buildings were prepared by their architects^ 
MeUsrir. Sydney Mkchell and Wilson, which were submitted t6> 
the Direetors a|id rim MeteoroJogical Coundb and approved of. 
The hoBdlog is now well advanced, and it is expeoed that 
th/^ Observatory wlU be oj>ened lowarda the end of the' 
autunmt , 

The QlMtoia of the Observatory arin your ComihiUeo in thyjr 
lUCcessive limits from 1884 insmed on the absotaie necessity 
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of coi^hiolng the double otKervatloo f6r all forecast hie |)urposcai ; 
tsnd tn ctumecthm therewith ; in other wordit. of coitt- 

mnii^ wlrh the obBervatlon at the top of Ben NevU that ihade 
at the same instant hear seadevel at Fort William. With the 
opening of the ifttow Level Observatory in November will 
mence a new era in the work of the Ben Nevis Observatory. Jt 
will then be t^osslble, by the double set of horizontal meteoro- 
laical giadients and vertical meteorological gradients thns db* 
tamable^ to examine more fully and rigorously the atmosphertc 
changes which precedOt accompanyi and follow the passage 
across these islands of the cyclones and anticyclones of North- 
Western Europe. 

The minimum temperature on Ben Nevis for the year was 7**2, 
being the lowest yet observed since the Observatory was oj>ened 
in I0S3, The maximum was 6i®'t in June, which closely agrees 
with the maxima of jjrevious years, except that of 1887, which 
rose to 67'‘*o. It is also to be noted that so late as September 
temperature rose to 

The registrations of the sunshine recorder showed 970 hours 
■of sunshine during the year, the smallest number of hours for 
any month being 8 for November, and the largest 250 in Tune, 
hemg nearly half the possible sunshine. The number of hours 
for the four years now observed, beginning with 1885, were 680, 
576, 898, and 970. The contrast of the sunshine of 1S86 with 
that of 1888 is thus very striking. 

I The amount of rainfall for the year was 1132*46 inches, the 
nnbath of least rainfall, 376 inches, being June, and of 
greafest, 20*60 inches, being November. The number of days 
on which precipitation was nff, or leas than the hundredth of an 
inch, was it8. The number of rainless days for the last three 
years have been 159, 128, and 118. From all the observations 
vet made, it is seen that a fall, eo nailing at least i‘oo a day, 
has occurred on an average of one day in nine. 

Atmospheric pressure was this year again above the annual 
average, the mean at aeadevel being 29*889, or 0*055 higher. 
The lowe&t mean at the Observatorv, 25*035 inches, occurred in 
March, and the highest, 4^*590 inches^ in Septem1>er ; the differ- 
ence being 0*535 At aeadevel at Fort William the ex- 

treirie monthly means were 29*636 inches in November, and 
30*132 in September ; the diiference being 0*496 inch. 


J^OT£S. 

Mr. Griesbach, |of the Geological Survey of India, shortly 
proceeds to Belachlttan to exploit for coal ; and Mr. Oldham, 
also of the Geological Survey, is also going to Baluchistan to 
investigate and report upon oil fields which arc believed to exist 
there. 

Thk Iroti andfSteei lostitiue has assembled this year in Paris 
at the rooms of die National Industry Encouragement Society, ind 
its first sitting was held on the 24th Inst., under the presl^ncy 
of Sir J. Kitson. The paper which attracted most attention 
on the first day was one by M. Schneider, of Creuxot, and M, 
Hetsent, ex-President of the French Civil Eqgtneera' Sodety^ 
on the Channel Bridge, which gave an elaborate account of 
scheme, The route chosen as the line, stretching over the 
shallowest parts of the Channel and connecting the ihoiei 
^ where closest to each other, commences at a point near Cape 
Oris Nezi passes over the Colbart and Varne hanks, and ter^ 
minatea near Folkestone. The Colbart and Vame banks ate 
situated near the centre of the Channel, about 6 kilometres 
apart, the depth of the water at that point not eaoeeding 7 or 8 
metres at low water, and they are separated Bom ea<£ other 
by a depression about 25 to 27 metres deep. Betsreon the 
Vame asid the British ooaw the depth does not exceed 
but near Colbart the bottom Jinks somewhat abruptly dbsm to 
^ metres. It then attains 55 jpettes about midway aerpss, when 
it b^ns gradually to rise. In these parts the chief difficuUIOS 
would be encountered in laying the fbundationi. The mtih of 
repeated experiments is that the ground U found to bUtulBelei^y 
sblid to support very extensive works, and tha borings latdly 
made in ootmectiem wltib the proposed tunnel have conned 
preceding experiments as to the poritionand nature of the bot« 


tom as published by M. de Oamohd^ The metal pTopOs^ 1^0 
boused is steel. The amount of met 4 and nmoMnwry to be 
provided would reptetJntan ag^iegate weight of about i,pbiO^|Spp 
tqna The spans U metal would be 500 metres leh^h aesM 
the Channel, supported on columns resting at dilTerent depths 
on the bottom of the sea. A rough calculation i[ives 380,600^000 
francs for masonry supports, and 480,000,000 francs the metaL 
He superstructure— in all, 860,000,000 francs^ or 34, 400^060. 
The time required for the undertaking was fixed at abput 
ten years. 

Thb eleventh Congress of the Sanitary Institute was opened 
at Worcester on the 24th inst. Jn connection with the Congress 
an exhibition of sanitary appliances and apparatus is being 
hJId at the Skating Kink, where also lectures on cookery are 
given by Dr. Strange. The Presidential address was delivered^ 
by Mr. G. W. Hastings, M.P., and referred mainly to recent 
legislation aifectihg sanitary science. 

The International Oriental Congress, which was held this 
year during the first and second weeks of the present month, in 
Stockholm and Christiania, was well attended, and was especially 
noticeable for the enlightened and warm interest taken in the pro- 
ceedings by the King. Kepresentatives of Oriental learning from 
the chief countries were His Majesty's personal guests, the members 
of the Congress present were on several occasion* specially 
entertained by him, and in other marked ways the King showed 
his desire to honour science and learning in the persons of the 
assembled Oriental scholars. The is the only one of the 
English daily papers in which the jwoceedingi have been followed 
regularly, and in the last letter on the subject, its Correspondent, 
who has been far from a prophet of smooth things in reference 
to all the proceedings, says that ** this eighth International 
Oriental Congress was favoured above oB its iwedecessors by the 
I right royal splendour with which the ruler o{ the two couutrief 
I entertained his guests, by the warm interest which the t^isens 
took in the foreign tavanis, by the care and kindly forethought 
with which all the arrangements for Our comfort had beep 
planned and were carried out, and last (not least) by the grand 
and lovely natural features of the places which the memben 
visited. Perhaps at future Congresses caie will be taken that 
there be less of empty Oriental parade, by which nO palpable 
literary object can be gained, and that greater facilities be given 
for piling without delay within the reach of members ah 
abstract of the proceedings in each Section. However, & the 
face of such boundless hospitality and such personal sacrifioes on 
the part of our hosts, it would be ungradw were we to take 
excs^lon to what are after all but small matters of detail*'* 

A LARGE number of papers of great philological and gonentl 
interest were read, as will be readily gathered from the fbHowh^ 
IStt of the Sections, with their re^^l^o Fresldems and Vice* 
Presidents Section 1 , Modem Semitic: PresidenhHrBaron 
Kremer, of Vienna; M* Schefisr, of Parish M* de Go^ of 
Leyden, Section II. Ancient l^ittc; Prcsideiit*— M. Felw, 
of Stoekbplm ; Vice»Freiid«ht^M. Chivdlsoit, of St. .Feters<> 
burg ; M* Oppert, of Paris. Section lIL s Presidenu^M. 
Max Mailer, of Oxford ; M. Weber, of Berlin ; M. Sptegeh of 
Erlangen. Section Iv. t Pretidefi^Bnigflch Parim i 
Presidenta^M. 14 eb 3 eltt, M. Rrinisch. Section V. 1 Prcsklen^ 
M. SriUegd, of Leydjn ; Vice^Prerident^ldl Coidlee, of Pa^ 
Sectional, j Fr«nidenb^M. Kmw. of Ley^ yUu^Proddl^ ) 
Mr. K. K. Cult, of London, ; ; 

A cogRBSPQKaxKTeehdshs theli^wir^ inshmoe of 
as rim ts wtote/' wbi^ he thioks Wo^ % |s 

extracted friun an rionOent de^pilnO 
coast of whW 

of SeptMttW ehcl was 
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most to ti« ,«xpectod in those summer 
eloike ^ oeirigetit^h is open. The hiet heats.of 
biit siinahine set in rapid motion the glacien 

^ijlbfSildor and These vast storehcmses of gathered 

«i^ <^0i^^ted;ieow glide to the edge of the tiemendohs 
of ^ Whiter Lands, and, falthig over them in 
monstt^ masses, ernsh into the deep water with shocks whieh 
«etl 4 thnnder-peflU through the still Polar air, and pertnrb the 
ocean for and near with rollbg waves. Then, committed by this 
awftd launch to the 8outhward*going currents, the great broken 
glhlering mass goes solemnly sailing away in the unwonted sun- 
shine. As it floats, the water, warmer than the air, melts its 
lower portion gradually, and detached pieces also ihll from the 
visible part, until equilibrium becomes destroyed, and the 
colossal block capsircs with a second shock, startling the ocean 
for ieognes around." 

Ws have received from the Mansion House a copy of the 
pamphlet relating to the Mansion House Fund for the Pasteur 
Institute. Besides a full report of the meeting held on July i, 
it contains an excellent introduction describing the aims and 
needs of the fund, written by the Lord Mayor, and statistics of 
the work done byanti-rabic institutions in France and elsewhere. 
The last paragraph of the Lord Mayor's introduction is itself an 
ample justiflcation of the appeal which he makes, for in it he 
reports that during July and August he sent Over to Paris 
seventeen poor persons who had been bitten by mad dogs. 
There they have been treated free of charge, as usual by M. 
Pasteur. The Honorary Secretary to the Fund is Br. Rueffer, 
26 Torrington Square, London. 

THB syllabus of the eighth course of lectures and demonstra- 
tions for sanitary officers at the Sanitary Institute during the 
coming winter has been issued. The introductory lecture, on 
the general history, principles, and methods of hygiene, by Sir 
Edwin Chadwick, will be delivered bn October 8, and the course 
will be continued every Tuesday, and Friday at 8 p.m, until 
November 15, Amongst the lectures are : water supply, by Dr. 
Louis Potkes ; drainage and construction, by Prof. H. Robin- 
son ; vmitUation, by Sir Douglas Galton ; sanitary appliances, 
by Prof Corfleld \ scavenging, by Mr. Percy Boulnols ; food, 
by Mr. Cassal ; infectious dbeiwes and methods of disinfection, 
by Mr. Shirley F. Murphy ; general powers and duties of in- 
spectors of nuisances, by Mr. J. F. J. Sykes ; and sanitary law, 
^ Mr. AVyntcr Blyth. 

The carrier pigeon has ju^t been turned to a curious u»e In 
Russia, according to the N'avoe Vrtmya. It is to convey 
negatives of photographs taken in a balloon. The fist 
experiment was made from the cupola of the Cathedral of Isaac, 
and the subject photographed was the Winter Palace. The 
plates were packed In envelopes impenetrable to the light, and 
then tied to the feet of the pigeons, who safriy and quickly 
carried them to the station at Volkovo. 

The current iivne of the Krw BiUletin opens wkh a memory- 
on^mbp the u^ of the flowers of CalU^nHm os on oriicle of 
food in Western India. From a note from Mr, Dnthie, of 
ih« Botanical Depoetmeat of Northern India, k mm that the 
flouw» bftheC4//f|uwi^ locally known a» 

Ore^igatheM and used by the poorer riasses. They ore either 
Uthm Wfith floor, 'm the proportion of a third /Ay to flour, or 
aia ieateii separately with salt and ooodlmente, to which those 
h add a little giue. The flowers are *wept tip as 
and mu ktp^ for a night in a closed earihOnware vessel, 
:io iqt io fWb; ' Sometimes they are kneaded Up in the thin alto, 
flower# to th^efrfourtSs atto, and fo cokes 
t .eWba. The flowers sent home hove been analysed by Prof. 


Church, who states that the chief peculiarity of these flowers,, 
flrom a dietetic point of view, is their richness In nitrogmus 
compounds, and that them is rather a close resemblance in com- 
position between and t^ seeds of the edible omaranibs- 
and bttckwhcats, only sugar replaces starch. There are also a 
short note foom Dr. Ernst, of Caracas, Venezuela, on ibeeaiiiest 
mention of coca, and a memorandum on the Buas^ fibre, which the 
natives living around Lake Ngami use to make fishing-nets. The- 
eflbrts which aie being mode to catalogue and publish the notices 
of Chinese plants scattered through botanical literature and to 
enumerate in systematic order the species of which specimens 
are to be found in the British Museum and in Kew, are described, 
Finally, there are two notes on vine cultivation and the Phyl- 
loxera, one being the substance of the report, made by Mr. 
Dyer in t8Si« of the conclusions of the International Congress 
at Bordeax, which he attended as the representative of certain 
Colonial Governments ; and the other a report on the vineyards 
of the Cape Colony, by M, Mouillefert, Professor of Viticulture 
in the French School of Agriculture at Grignon. 

According to the Naples Correspondent of the Dai/y Neivs, 
the scientific excursion to the volcanic regions of Italy, which 
commenced on the 14th lost., under the direction of Dr. H. J. 
Johnston- Lavis, of Naples, is exciting great interest The 
affair is under the special patronage of Signor Boselli, the 
Minister of Public Instruction, of several Italian communes, 
and of the London and Italian Geological ffocietiea. The 
general director is Dr. Johnston-Lnvis, and the secretary in 
London is Dr. J, Fullerton. The visits to the various notable 
places will be personally conducted by Prof. Stniver, of Rome ; 
ProC Silvestri, of Catania ; Profs. Sacchl and Bassani, of 
Naples i Dr. Johnston-Lavis, and several others. The English, 
Belgians, and Italians who joined in the excursion were received 
at Naples, which was the starting-point, on the Sunday, by the 
Syndic of Naples, who also intends to give a banquet to the 
visitors, tickets for the theatres, and to show them other attentions 
during their visit to the city. Serious business commenced on 
the 16th inst., with a voyage to the .^olian Islands and Sicily 
the culminating point of this part of the programme being an 
ascent of Etna, which is fixed for the aqth inst. A special 
steamer or steam yacht will be either engaged or lent for this 
journey. The return to Naples will take place on the 30th inst. 
From the sst to the 14th of October the* head-quartets wiU 
be Naples. During this time excursions will be made to the 
PhlegisDon Fields, Vesuvius, the craters of Campania, the 
islands, ahd the coast towns of the Gulf, and visits paid to the 
sights of the city, the museums, while lectures, conversaziones, 
and garden parties will afford relaxation from the harder scientific 
work* On the 15th and i6th the volcanic groups of Monte 
Rocca-Monfina and the celebrated monastery of Monte Caasino 
will be visited, and from the 17th to the 29th Rome and its 
volcanic neighbourhood will be examined. Among the notable 
spots to be visited are Capo di Bove, Monte Tuscolo, Monte Porzio,* 
Rocca-di-Papa, Monte Cavo, Logo dt Albano, Nemi, Monte 
Mario, Bagno di Tivoli, Tivoli, Monte Cimmino, Monte Venere, 
and the crater of Vico, Frascati, and many famous villas. Ou 
the 30th of October the members will separate at Viterbo, 
going each tbelr own way. The Minister of Public instruetlon 
has accorded many facilities, such os reduced fores to the in- 
tending travellers, and the director and secretaries are using 
every effort to render the tour a complete success. Apart from 
the scientific interest of the excursion, it will afford an un- 
exatnpl^ oj^porluoity for becoming acquainted with some of the 
most beoutim and picturesque ports of Italy and Sicily. 

IK a Report presented to the Foreign Office by the British 
Consiil at Florence, there is a very full account of forests on 
the north-eastern boundary of Italy, which in that region are 




by a H‘Af of ofElcUh^ tnthft mottdttUttioqtf 
tbo mainteottnceof tl»« Cotfit^ U am ^bsolgie neCo««Uy, 
bto, UMffiftrtaniUely, many slopeg have becoAne ^uite dehedieii 
^Hroi^h teckless cattinsr b the The actual e^tei^ of forest 
area has, however, increased aioce the sialaehth century, hut 
•efaerfetic inettstires are now needed lo prevent many of the wooda 
•deteriorating any further. Coni$»hiint8 are made by those who 
4ue anxious to preserve the forests that the peasants are not 
taught the value of them, and that In the elemental schools the 
pHncHples^ ef woodcraft and agriculture are never^ taught. Of 
the Whole area under timber, the ^State owns only 3-42 per cent., 
whfl^ the commums possess 79^93 per cent., and private owners 
i6*6j per cent. As a rule the communal management is very 
veckless, and the forests have suffered so much that it has been 
eeriously considered that the woods should be divided up 
amongst the peasants ; but it is more than probable that this 
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“A ttand-bddkon Modem 
I|lne0riug Estimates* Costa, and a 

I Mainer; Tim Eng|iheei^t* OfflW Book;**^, % 

tjfeteon Foley, second "ediUon; *‘*1^ Friwrtical' Eugtoi^e 
HanAbocA,” ,by Walter S. Hutton, third o^hion { '^ KlOebdC 
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remedy would prove worse than the disease. The thuber in the 
Cadore country Is said to he the best in the world. Amongst 
the trees of the region are--the common Norway spruce, which 
flourishes at an altitude of 2400 metres above the level of the 
AdriatiCi and grows to a height of about 3ometres ; a variety of the 
Norwegian spruce, resembling the beech in its fibres, with harder 
wood, shorter leaves, and smaller cones than the common spruce ; 
the common silver fir, which grows in the tnonntains 1500 metres 
above the AdmUc, and reaches a height of 25 metres ; the 
common larch, the Scotch fir, the Mugfao pine, the Swiss stone 
pine, the beech, and the walnut, 

Fa0U the general results of the Swiss census of December i, 
’1888, which have already been worked out, it seems that the 
4otal popnlation is 3,934,055, agamat 2,846,102 In 1880. The 
Qerman^fpeaking element increased from 2,036,792)0 1880 lo 
^,092,562, which, taking into account the normal growth of the 
population, was no relative increase, the proportion in both 
cases being precisely 71 *3 per cent, of the whole. The French, 
cin the other hand, increased from 608,007 to 637,940, which 
was also a relative increase of 21*4 to 2x7 per cent. ; while the 
Dalian declined aetiihlly as well as relatively, the namhers being 
f6t*9^3in iSSoand 156,602m 1888, or 57 and 5*3 per cent, 
respectively* The decline of the Italians in the Cantons of Uri 
4md Bchwyx is exphuaed by the return home of a large number 
of Italian Workmen engaged in the St. Gothard Railway ; but it 
is not so easy to explain'' why there is a large decrease in the 
Oermans in^ the Cantons of Berne and Neuchfitel, while the 
French have increased. In general the French increase in 
Switsefiand seems to be at the expense of the Germana, irttUe 
She German element recovers its place at the expense of the 
Italbn. 

Wk have recrived a " Guide to Technical and Commercial 
Education,” drawn np by the executive Committee of the pUndee 
and District Association for the Promotion of Teelmtcal and 
Commerdal Education. It is intended to fulfil one of the objects 
for which the Association was promoted, viz. " To draw up a 
^eyllidms for the district, in which rtiall be suggested such oourses 
^ education as shall be most suitable fpr particular trades ; arid 
4hrfher, to indicate the number of years teqatred ISr the com- 
plete education, W the total cost, and (r) the institutions in 
which the necessary instruction maybe obtalned.^^ We draw 
epeCial attention to d*is *'Gi4ide,"a8 it cannot faU to be of the 
utmost use to similar Assodailons ebewbere, especially as .H.ls 
drawn up with referencie to the Science and Art eimmiaddons and 
those of the City Gnllds. A defitdie Order <tf study is snggeslied 
smd recommended in a numblr of subject^, such aa commerce^ 
ctvil« mechanteal, and electrical e^lneeri^. archMure, art 
industries, teartlat* shfp*bulk|fin8» gas inaimfkctnre, ka* Tim 
courses have evidently cpmpiltd with great ca^e whd 
paUence, and with the aid of |i^ical men In dm various 
euldacu treated. 


tion and Water Supply,” by Prof. John Scott* 

Mr. T. J. P. Jodrrll, of Yenrdsley, Cheshire, sometime of 
Stratton Street, London, whose death, as recently announced in 
the 7>*ff«r, took place on the 3rd mst., in his eighty second year* 
was the founder of the Jodrell Fund, a capital sum pf £^000 
having been given by him to the Royal Society in the year 1876 
for scientific purposes. 

j The additions to the Zoological Society*s Gardens during the 
! pjast week include a White-fronted Lemur [Lemur alHfrons S ) 
from Madagascai^, presented by Mr. C. O. Peliy ; a Macaque 
Monkey (/^ara^us rynomol^s) from India, presented by Mr. 
H. B. Wedlake 5 a Brown Bear (C/rsus eurfuf) from Russia, 
presented by Mr. Frank Dugdale ; a Crested Porcopioe (Lfysfrix 
erislaia) from Africa, presented by Mis. Lucas *Shad well ; three 
African Lepidoairens [Praici^ierHS aHueeUms) from the River 
Gambia, West Africa, deposited ; a Burchei)*s Zebra 
burchelli 9 ), from South Africa, four Larger Tree Durtes (Pin- 
^•ocygna maj^r), three Indian Tree Ducks [PtHdrocygHn 
from India, a Xubercutated Iguana (Lguan^ iubmu- 
lata) from Brazil, purchased; a Red Kangaroo [Macrofus 
i ), two Cobkateils (Calopsitia nov<e'k&llandks\ a CrestVd 
Pigeon [Ocyphapi hphates\ a Nicobar Pigeon (CeitaeAr efre- 
hariea)^ bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 


Comet 1889 e (Davtdson).— The following ephemeris for 
Greenwich midnight for this object is in continuation of that 
given in Nature for August 29 (p. 424) 
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Zftmbevi, mckding Mat^ibeleland, Bechuunatand^ CrJqualftntf 
Wwtj, atid the northern pons of Cape Colorty. There are, 
n>o^V«r, d numher of Jpccial irsert mapi. The physical 
fdftittnMr mdtftttaiDs, rivers, &c., are laid down d^aHy and in- 
detail. The ^old^helda are colouted > el low, the tofi^finapliy. 
himost eathauMive, and the map U really a gazetteer of the exten- 
aiva aixt important region which it embraces, Mr. Teppe givei 
ll'list 0f the various authorities which he has used in the compiln- 
4 f his map. and these are the best and latest available. 
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Near % jAurlgse 75 ... 41 N. ... October 2. Swift. 

225 ... 52 N. ... October 2 Slow, 
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3 Draconis 290 ... 68 N. ... Swift. 


GEOGRAPHICAL NOTES. 

On the 1 2th iuKt. the administration of the Congo State 
received imeliigence by way of 2 Unzibar that Mr. H. M. Stanieyi 
on leaving the basin of the Albert Nyansa, endeavoured to 
make his way southwards by passing to the west of the 
'Victoria Nyaiua, but was unsuccessful. He then went north- 
waidSf and reached the eastern shore of the lake, Emin Pasha 
accompanying him. Mr. Stanley made a long stay on the 
bordert of the lakc^ awaiting supplies from Msalala and Jabora, 
for which he had sent. He left Emin Pasha on the eastern 
shore of the lake several months ago, and proceeded in the 
direction of Mombassa. Mr. Stanley U expected to reach the 
eastern coast of Africa towards the end of October next, 

AcCOKt>iNd to informatkm received at Lloyd's from Tromsb, 
dated September 9^ the German travellers Kukenthal and 
Walter, belonging to the Bremen Arctic Expedition, who were 
shipwrecked spring in the Mtriimf have arrived safely ac 
Tiomsd. 

M, IpshVE. Martin, tlie Erencb explorer, known k connect 
tioaw^ ^ take expedition to Eastern Siberia, reoemly lef^ 
With a smXIt escort for Tibet, intending to proceed along 
^tQfeat ^all, subsequently passing through toe towns of Uang- 
C^w and Sinliig aod the provinoa of Koko^Nor, where he , 
e^Wdts to arrive next spring. The object of the expedition Is of I 
a j^vely 4 etaht^c Character. 

JaVRji, of Pretoria, has twenUjr issued* 
X>i(ihto ahd Co., an exeelfeht map of the Tmomal 
territoties tho scale of tS ihilOs to an 
It Idclhdes not only the Tfawaal, %ut flije 

alj the ooumtios hetweeo^ time ai4 the ebostn feok 
PondhlimA It goto nosthto close on the 


Paris. 

Academy of Scieneea, September 9.“-'M. Hes Cloizeaux,. 
President, in the chair.— On the fixalion of aimospheric nitrogen,, 
by M« Berthelot. — Observations on the formation of ammonia 
and volatile asotised com pounds at the expense of vegetable 
earth and of plants, by tne same. He traces the researches,, 
initiated by him six years ago, e^itablishing the hxalton, by earth 
and plants, of free nitrc^cn of the air, with the aid of mineral 
matters and living organisms. Annlyi»is of the liquid condensed' 
within a bell jar inclosing earth, or earth with vegetation, proves 
the exhalation (of ammonia, d:c.) above referred to; and like 
the ptomaines, Ac., produced by animals in a closed space, 
the products are toxical to the organisms yielding them,— On 
the nitriheation of ammonia, by M, Tb. Schloesing. Small 
quantities of gaseous nitrogen (negligible in agricuhitral practice), 
are liberated during the oxidation of ammonia in soil. The 
author shows that the nitrification of ammonia pat into a soil in> 
the form of sulphate, may be effected very quickly, when 
favoured by the nature of the sr>il, its humidity and its tempera- 
ture. In slow combustion of the organic matter of soil, through 
the agency of the nitric ferment, much more oxygen* is used in 
burning the carbon and hydrogen, than in nitrification of the 
nitrogen. But in a soil enriched with ammonia, the activity of' 
the ferment is much increased, iti conveying oxygen to the 
ammonia, and it seeks from organic matter only the carbon ^ 
needed for its development and multiplUation.-*-On the bacterio- 
logical study of the lesions of contagious peripheumonU of the 
ox, by M. S. Arloing. He distinguishes n bacillus and three 
kinds of micrococci.— -On some observations made at the Obser- 
vatory of Algiers, by M. Ch. Trepied. The separation of the 
nucleus of Brooks's comet, affirmed by the Mount Hamilton* 
observers, could not be certainly made out. This Observatory, 
begun in the spring of 1885, on a height (350 metres) overlooking 
Algiers, has now all its instruments except a photographic 
equatorial. M. Tripled notes that the telescopic image of a 
star, during the sirocco, becomes a continuous luminous spot, 
the intensity diminishing outwards ; an cfi'ect, doubtless, of 
I dust. — Observations of Bror>ks's comet and its companion, made 
j at the Obsewtory of Algiers with the o 50 m. telescope, by MM. 

' Kambaud and Sy. — The sptetro-photography of the invisible- 
1 parts of the eolar spectrum, by M. Ch. V. Zenger. He de- 
i scribes as advantageous combinations, prisms of quartz ond^ 
anethol ; of quarts and calcareous spar ; of the latter amh 
; sulphide of carlion ; and of rock salt and anethoh One pri^m* 

, of rock salt, with two of anethol, gives nine limes more dis- 
i persion, and the red part is six ttipes more dispersed between A 
' and Dt than by a 60* prism of rock salt.— Researches on* 
sulphit^ by M. P, J. Hartog.— On a new monobromisedi 
! camphor ; on the constitution of monosubstituted derivatives of 
camphor, by M. P. Cazeneuve. Tlienew compound is obtoinetS 
I similarly to the chlorine compound, got by the action of hypo* 
chlorous acidi and has similar prpjjerties — On phenol diaul phonic 
acid, by M, 8. AUain-Le Canu.— Influence, on bare soil, of 
gypsum and cUy, on the conservation of nitrogen, the fixation of 
atmospheric nitrogen, and nhiifidnion, by M. Pc^chftrd. The 
sulphate of lime retains the ammonia in the state of sulphate, 
and contributes indirectly to the production of nitric acid, by 
keeping the nitrogen in a form easily nitrifiaWe ; also directly, 
(in a way not well undenilood) by its power of deoxidation' 
and reoxwatiom Gypsum and clay, both added to sandy soiL 
concur in feting ammonia; the former keeps the fixing, 
power of the hittor active by removing its ammonia in the stale 
of sulpbme easily hhfrifiable (day done is rather adverse to 
i iHtrilicatbN).^Manu(aeture of ™ glasses for windows (twelfth 
! and thirteenth centnrlto), by MM. Ch. Er. Uuigner, and 
Magne. A micro&copic examination of these old glasses shown 
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Septem^ t6. — M. Des Cloizeaaxt President^ in ihO)<i|lfi^ 
^On an adynamic gyrostatic constitution for the ethar^ by^ipM 
William Thomson. He describes a system of smaU 
connected by rods, with terminal caps moving on the s|ihW^ 
and, at their middle part, two gyroscopes, with, outer nnip ht 
right angles lo each other. *->Qn an application of the eti^jl^c. 
transmission of force, made kt Bourganeuf, by M. Marcet 
Deprcs. further details are given of the system, which has 
worked weH'since May. The mgh tension generator, driven by 
a turbine, has two rings on one shaft, excited by two rectilinear 
inductors parallel to the axis, having the four poles quite free. 
The receiver is similar. I'he machines for light are of the 
Gramme type ; and with a line resistance of 23 ohms, about 50 
per cent, of the force imparted to the generator is recovered in 
light. — Determination of the microbe producing contagious 
peripneumonia of the ox, by M. S. Arloing. Of the four he 
describes, he finds the Pkeumobacilltts liquefaciim (ns he 
calls it) the essential element in the virus. — Observations of 
Urooks’s comet and its companion, at Algiers Observatory, by 
M. Rambaud.—On the occulutions of Jupiter's satellites, by 
M. Ch. Andre. With three different telescopes at Lyons, the 
time of contact determined differed to the extent of 2} 
minutes ; immersion being noted earlier, and emersion later, 
with the smaller instrument ; also the apparent complete 
vislbtlUy of the satellite, continued after contact (as others have 
observed^ is referred to. This is thought to be due to a zone of 
diffracted light, spread by the object-glass round the geometrical 
image of «the planet, covering the focal image of the satellite. 
i)n the calculations of Maxwell, relative to movement of a 
rigid ring round Saturn, by M. O. Callandreau.-^n the heat of 
vaporisation of carbonic acid near the critical point, by M. E. 
Mathias. He uses the heat of dilution of sulphuric acid in the 
water of the calorimeter, as a compensating source of heat, and 
hnds Clapeyroo^l formula satisfactorily verified. At the critical 
^int the latent heat, L, is rigorously M . — On the use of the new 
^ison phonograph as a universal acoumeter, by M. Licht- 
wits. With it, ope may form phan&gmmSf to serve os acou- 
metric scales, with voweU consonants, syllables, words ami 
phrases^ &c., according to their intensity and acoustic value (as 
determined by O. Woffh The sound-source being nearly con- 
stant, could used to compare the bearing of different patients, 
or the same patient at difierent times. A set of uniform phono- 
grams could be got byiplacing phonographs at a fixed distance 
from a reptoducing Instrument. Thus aurists in all countries 
could compare results.^Catadioptric objectives applied to 
celestiaV photogri^by, by M. Ch. V. Zenger. obrreotion 

lenm of ma^esium glass, of the same focal 0^0 

concave and the other convex, are inserted, the focal length of 
the system being identical with that of the spherical mirror. The 
time of exposure is reduced to a third or a quarter, for stars of a 
givenaize.^Somesupplementary tlM^al data, by M. J. Osriipoff'. 
Thermal formation of salu of phenywn diamines, by M. Ldo Vig* 
non. Comparing the heat of oeutnuisationof the three diamines ^ 
hydrochloric acid, he finds orthophenylene diamine to show less 
than the meta isomer ; which, a^ln, shows less than the para. 
The bisuhstituted derivatives of MAzine studied by Berthelbt and 
Werner present a similar case. — On the aloobblle fonnentatiou 
of honey and the preparation of hydromcL by M. Gv GastinA. 
Solutions of honey generally give but poor aIcbhoUc fermenta- 
tion, The author verified an idea that this is because the fer- 
ments, in a medium so poor in mineral and asotized matters, miss 
the conditions necessary to their evolution. — fqiyriologieal actios 
of the poison of the terrestrial salamander, by MM. jPnisaUx and 
1.4^1oi8. The characteristic symptom is convalsion \ and ths 
poison acts suecesrively on the cortical, bulbar, and medtmary 
cells. Temperature rises xapidlyi and dyspnoea occurs, followed 
by asphyxia. Arterial tension increased. —*Cyclone of Jongae, 
OB Jiriy 13, 1^9, by M. Ch. Dofonc. Thn appeared at 1. 15 |i m.« 
on a very hot^ calm, doody day, in the canton of Douos, and 
tore along eastwards 6 kid., With a rattle like thunder, IsdWing 
two to three, ndantes. Of many trees uprooted, those at the pdteet 
lay mostly east to west ; those mrther On, mostly west to east. 1 %e 
width of region devastated gietr from 100 to eyo metres, tint 


^nu^ent of the' i^iee of rroC 
:^POiitt.--r*On types of weather-mapa, aiid oU m latest dis* 
'^Ih^tlons as to the circulation of the nmtedvdhigical observa- 
tions of the Meteorological State Institute! m jlhe public 
4 n general, by Prof. R. Rubensoo.— On the geims Frisci- 
turben, Kunth, by Prof. G. Lindstrtim.— Analytic construe- 
tion of the integrals of a linear homogeneous differential 
equation of a circular ring, which does not Indude any singular 
place, by Prof. G. Mittag-Lefiler.*— Analytic constru^lon or the 
invariants of a linear homogeneous differeniial equation, by the 
same. ^Contribution to the history of the mathematical studies 
in Sweden during the sixteenth century, by Dr. G. Enestrbm, 
— On the constitution of the cumenyl-propm-acid, by Prof. O, 
Widman, — On hydro-canel-carbon>acid and some of Us deriva- 
tives, by the same. — A contribution to the question of the re- 
adjustment of the atoms within the propyl group, by the same. 
— Derivatives of the ortho-amid- benzyl-alcohol, by Prof. Widman 
and Dr. Sriderbom. 
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Psy^kit of Micro^organistns : a Study in 
p0tati>&<^ Psychology, By Alfred Bi net. Translated ^Qi 
the Fr^th by Thomas McCormack. (Chicago : The 
0 pm Court Publishing Company, 1889.) 
Psycho^'physiologische ProUsien-Studien : experimentelle 
(Jntersuchungen, Von Dr. Max Verworn. (Jena : 
Gostav Fischer* 1889.) 

T he first of these two works on the psychology 
of Protozoa is disappointing. Its main object, 
as indicated in its title, is to investigate the claims 
which from time to time have been put forward on behalf 
of unicellular organisms to the possession of conscious- 
ness and a certain low order of mental life. Therefore, 
looking to the position which M. Binet has gained as a 
successful worker in other departments of psychological 
inquiry, we were prepared at his hand> to meet with a 
judicious treatment of facts in the light shed by a specially 
instructed mind. But, far from this, what we do meet 
with is the special pleading of an advocate who seems to 
hold a brief on behalf of his little friends, and is deter- 
mined to force them into a position of intellectual 
prominence, no matter at what cost of psychological 
absurdity. Indeed, were it not that the title-page declares 
the authorship of this work, no one could possibly have 
ttupposed that it had been written by a man who had ever 
opened an elementary text-book on mental science. 

In justification of so severe a criticism one or two 
quotations may be supplied. With regard to suprise and 
fear he says ; — '* We may reply upon this point, that there 
is not a single infusory that cannot be frightened, and 
that does not manifest its fear by a rapid flight through 
the liquid of the preparation. If a drop of acetic acid be 
introduced beneath the cover-glass, in a preparation 
containing quantities of infusoria, the latter will at once 
be seen to fiee in all directions like a fiock of frightened 
sheep.*' His test to prove memory is— Every time 
an animal repeats the same action under influence of the 
same excitations, that fact proves that the animal is 
possessed of memory.*' His one criterion of instinct 
is—** Preadaptation to an end not present, but remote.” 
After such examples, it w^ould be needless to adduce 
more.*^ In no part of the book is any distinction drawn 
between activities as reflex or automatic, and conscious 
or intentional ; therefore, if a Protozoon performs any 
action which is in the smallest degree adaptive, the fact 
is always taken as in Itself sufficient evidence of intelligent 
VditiDti. Thus, to go no further than the above quotations 
<rom his preface, it never seems to have occurred to 
M* that ** rapid flight " in the presence of a 

stlm^aiUng agent may be due to causes other than 
^*i(iea»*'; 'that every editable tissue <whether in Rtu 
or which repeats the same action under 

influence of the same excitation is not forthwith ac* 
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credited by an experimental physiologist with any 
psydiological ** memory ” ; or that the heart need not 
necessarily be supposed to beat by *' instinct,” because 
ead^ diastole is a ** preadaptation ” to the next systole, 
n Set not only do we everywhere encounter this astonish- 
;llig ^I^i^egard of the most elementary principles of 
psychology: we are equally surprised at what may be 
letxned a void of general sagacity. For example, in 
M. Binet's own opinion the strongest evidence he has to 
adduce in favour of ihlelljgeiKe on the part of ** micro- 
organisms” consists in the behaviour of spermatozoa 
and spermatozoids towards ova and ovules. Thus, for 
example, he does not hesitate to say, by way of a general 
conclusion on this matter, ** In fine, the spermatic element^ 
in directing itself toward the ovule to be fecundated, is 
animated by the same sexual instinct that directs the 
parent organism towards its female "I In particular, he 
quotes the interesting researches of Prof. Pfeffer, who 
found that spermatozoids are strongly attracted by certain 
solutions (malic acid, &c.), so that they will crowd into a 
pipette filled with these solutions, even though the latter 
be strong enough to cause their death. Now, to any 
ordinary common- sense it must appear that in these facts 
we have evidence pointing directly away from the 
hypothesis of intelligent adjustment, and therefore 
towards the simpler hypothesis of some kind of chemical 
— or physiological — affinity. 

Upon the whole, then, as we have said, M. Binet’s 
work is disappointing ; and, we may now add, the dis- 
appointment arises not only on account of its astonishing 
weakness in psychology, but also from its want of full 
acquaintance with the literature of the subject, and an 
absence of any original investigations on the part of the 
author himself. 

Of quite a different stamp is the work of Dr, Verworn. 
Charged throughout with the experimental work of a 
physiologist, and with the analytical powers of a well- 
instructed mind, these *‘ Protisten-Studien” are of much 
value both from a scientific and a philosophical point of 
view, ilke M. Binet, Dr. Verworn has set himself 
primarily to consider the question as to whether, or how 
far, the Protozoa ought to be accredited with mental 
faculties. Therefore a considerable part of his elaborate 
treatise is devoted to att exposition of those psychological 
principles, a clear definition of which is so essential to any 
adequate treatment of this question. The exposition is 
judicious, and leads to the general conclusion that we 
have no evidence at all of even the lowest degree of 
mental life on the part of any of the unicellular organisms. 
Jn this connection we may remark that, while M. Binet 
quotes from an earlier paper Dr. Verworn's observations 
on the “house-building” habits of Difiugia urceolata 
as one of the most unequivocal examples of Protozoon 
intelligence, Dr. Verworn himself here furnishes a 
crushing refutation of this view. For he finds, as a 
result of experiments with powdered glass, that the 
Difflugia will crawl about among the particles without 
collecting any, so long as it is left undisturbed ; but when 
irritated by shaking, its pseudopodia retract, and, while 
doing so, exude sticky little drops, which cause any 
minute particles over which they happen to pass to adhere 
and be carried along with the retracting filament, until 

A A 



542 J^ATUME 


eventuaUy^ upon the total retraction of pseudo pod, thty 
arc deposited on the substance of the organism. ThtiS 
the “ house ” is built by purely mechanical means, without 
any “ intelligetf^e or “ volition on the part of 
In the Contemporary Review for April 1873, the Jatc 
Dr. Carpenter alluded to similar habits of a cerudh 
marine Protoaoa, saying ; “ The deep-sea researches 
on which I have recently been engaged have not exercised 
my mind on ^ny topic so much as on the following/' He 
then describes what he regarded as a selective choice by 
the Protoroa of finer particles of sand by some species, 
and coarser particles by other species, for the purpose of 
building into the structures of their shells. No doubt, 
however, if the process were carefully observed, it would 
be found that this apparently selective choice is really due 
to the size or quality of the adhesive drops on the 
pseudo podia, which may very well differ slightly in these 
respects among the difl'ereut species. 

Much the larger portion of Dr. Verworn's work is, as 
its title conveys, occupied with an account of his experi- 
mental researches. These are thoroughly systematic and 
fairly exhaustive. First there are thirty pages describing 
the natural or spontaneous movements characteristic of 
welbknown forms belonging to all the main divisions of 
the Protozoa. Next there follow a hundred pages dealing 
with the author's experiments in stimulation, arranged 
under the * headings — luminous, thermal, mechanical, 
auditory, chemical, and electrical. Lastly, there ai-c over 
fifty pages describing a number of experiments in various 
forms of section and artificial division of sundry 
unicellular organisms. The whole of this part of the 
research is exceedingly good, and must be studied by 
everyone who is engaged in practical work. From this 
point of view the two most interesting facts are, we think, 
the following. It is a general law of excitable tissues that 
the principal scat of excitation is the kathode on closing 
a galvanic circuit, and the anode on opening it. But Dr. 
Verworn finds that among the Protozoa the reverse of 
this otherwise general rule obtains. It appears that this 
curious observation was first made by Kiihne as long ago 
as 1864 ; but Dr. Verworn has done good service in now 
calling attention to it, corroborating, and extending it to 
other unicellular organisms. 

The second fact to which we allude is, that when a 
galvanic current is closed through a drop of water 
containing a number of Protozoa (e,g. Paramecium^ 

. CoiepSy Colpoda, Stentoty Halteria)^ they will all begin to 
travel ra|>ldly and directly to the negative pole, and, if the 
current be left closed for a few seconds, will all become 
congregated thereat. On now opening the current they 
will all begin to travel towards the positive pole, but then 
soon segregate. It was proved that this is not any merely 
physical phenowienon, but a truly vital one : the Protozoa 
of tlie genera named will invariably swim towards the 
kathode on closing, remain at the kathode so long as the 
current continues to pass, and swim towards the anode as 
soon as the Current is opened. Even when the kathode 
is a copper wire, which 'causes the death of nil the 
Protozoa that approach it, they will equally wefl con- 
gregate in ks vkinity, there to perish; and by using a 
movable kathode of harmless material, the PrOtoSoa 
may he led about like a dock of sheep following their 
shepherd To this curious physiological property on the 


part of Protozoa, Dr. Verwptn adligned the 
“ Galvanqtropism.'' But one would like w be informed 
as to the strength of the current employed, e.g. if it were 
sufficient to induce electrolysis. If tht current used was 
a very weak one, would it not be interesting to try the 
' 40 ^ of greatly strengthening it ? 

The experiments in section were oil devoted to testing 
the value of the nucleus as a co-ofditxating centre of 
movements, ciliary and otherwise. The results were 
uniformly opposed to the views of Rossbach, Engelmann, 
and others who have regarded the nucleus in this Hght-^ 
the un-nucleated portions of several Protoioa continuing 
to exhibit all the same spontaneous movements as the 
nucleated. It is to be regretted that the author did not 
more completely extend these researches to an investi- 
gation of the functions of the nucleus in respect of nutri- 
tion and regeneration, where so much still remains to be 
done. But we may hope that this is perhaps to follow, 

George J. Romanes. 


OUR BOOR' SHELF. 

Treatise on Trigonometry. By W. E. Johnson, M.A. 

(London : Macmillan and Co , 1889.) 

We have here a work which should prove very service- 
able to those who are commencing the subject with the 
hope of proceeding to more advanced mathematics, and 
also to tnose wishing to revise their study of trigonometry 
and to extend it beyond the limits of an ordinary 
elementary text-book. 

The volume is divided into two parts, geometrical and 
analytical, tlie former dealing with geometrical appli- 
cations, the latter with ih^urely theoretical and analytical 
side of the subject, The first part deals with the 
properties of points and circles connected with triangles 
and rectilinear figures, trigonometrical ratios and their 
fundamental relations ; chapter ix. treats of the geo- 
metry of the triangle, including the nine-point circle, 
the cosine and ex-cosine circles ; and in chapter x. 
we have fonnulie for circles and rectilineal figures. 
In the algebraical part, logarithms, ratios of compound 
and multiple angles, developments of formulae toi the 
sums of angles, metorization and sumniation, are 
dealt with. In chapter xviii. the proof of the binomial 
theorem is a modification of Eulers, thereby making it 
depend directly on the index theorem. Chapter xxl con- 
sists of the application to triifonometrical formulae ol 
imaginary and complex quantities, and chapter xxit^ of a 
geometrical interpretation of imaginaries. 

Short digressions have been made into geometry, 
algebra, anof theory of equations in various parts of ^0 
work, thus bringing out more clearly the train m reasoning 
that is necessary to establish and expound the princiikes 
that lie at the foundation of mathematics, to whkh, in 
trigonometry, the student is first introduced. 

At the end of each chapter is a copious supply of 
examples, and the book concludes with a set of 
miscellaneous examples find answers to the above^ 


JJETTMRS TO THE EDITOE. 

[7%i Editor does not hoid Hmeff ntpmsi^ for 

pnmd by kU eonei^ondimts. //either em hr eindtrtedh 
to return, or to eemspond with the nerUtrt r^ted 
mae^Me^i in tem d edfi^ tki$ or dtker part if 
/to no/ice is iutm of emoi^mous eoi^mmmationsJl . 

Temlng the Puma. 

As J beheve that ibo jumut !0$ Aoeky MoWnsto % 
usually ef m ladrt iikMtelm snsd uai^^ 

sttimais, the following brief aceoont of what I hir?e sfkb 
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at in the Yellowiitone National 

may ^ of tatereji :— 

Ybree years agOj Mesftia, Wictich Bros., of this city, found 
s6hOME puma cubsTa the vaUey of the Veltowstone River, turenty' 
^iye imW irpm this cHy> A« cuhs they sho wed those spots on 
^e tkia to ^hich Mr Muybridge called our attention at the 
Rt^ai Society last May, as seen in his photographs of the 
adult animal, though not in that oa<e visible to the eye. One i 
oi thase cubs soon died, bift ttte other is now three years old, , 
aud » perfectly under the control of Mr. W, F. Wittich, who ' 
devdtea eighteen months to training her. 1 saw many proofs of 
this Ih his store this evening. Toe beast not having been fed 
for twenty^four hours, he trailed pieces of raw meat over her 
jUOSe tuid mouth, which the puma never attempted to eat until 
the word was given, as to a dog. Occasional attem^^ts were made, 
but a twist 01 the ,ear by Mr. Wittich was sufficient to control 
her. When meat was placed a few yards off, the puma fetched 
it by word of command, and permitted the meat to be taken 
from her mouth by Mr. Witticb, who fondled it as he would a 
cat. A very fine dog, a cross between a pure setter atwl a pure 
St, Bernard, five years old, named ** Bruce," is on intimate, 
and even afiectionate, terms with the puma, wlio allowed him 
ito remove meat placed upon her jaws, and to eat it. On one 
occasion, the puma (who is often allowed to range the house), 
the dog, and Mr. Wittich, slept together in the same bed, and 
Mr. Wittich was aroused by the puma attacking some one who 
r(>used him in the early morning. When the puma is tied up, 
the d^ig always goes to sle^fp alongside her, and kisses her, the 
puma responding with a short sharp bark of gt^eting. The puma 
ibtlowB Mr. Wittich through the streets of this Western city, 
but has torn to pieces several strange dogs, when unaccompanied 
by her friend * * Bruce. " 1 inclose you a photograph of the dog 

in the act of removing meat from in front of the puma^s jaws ; 
her paws arc done justice to, but not the length of her tail. 
Prior to the exhibition, Mr. Wittich reuuesled the spectators 
(about ten in number) to remain perfectly still, as the beast 
(which was loose) noticed, and was angered by, any movement 
on their part. 

Mr. wittich believes that this is the only puma known to be 
In captivity, and comparatively tame. In training her he has 
chiefly ustfd the whip, which she only fecN on the nose, ear, and 
under the tall ; he assures me he has made his own teeth meet 


the wooden fait is a platform lo feet wide, and the angle which 
this makes with the body is also protected with sheet lead. The 
strips up the angles are cmnected with thU ring round ihe ba% 
and irom the ring again many strips are nailed radially to the 
edge of the platform, A chain was hanging from fop to bpUom 
, pf the milt, nearly touching the weather boards at the top, and 
hanging within 2 inches of the boarded grounrl floor at a distanoe 
of about 4 feet from the ciiciimference m the south radius. The 
upper cap of the mill is rcvolvable. The sails faced south-east, 
and were set diagonally. 

All the eflects of the flash seem to me to indicate that it passed 
from earth to cloud. One branch of it passed througli the iron 
chain, fusing the links at the points of contact, sufficiently to 
make them hold logether when first disturlKrd. 'J'he flash burst 
through the weather boarding at the top, l>rc.aking the boards 
away out wards, and then reaped one of the iron levers used for 
opening and closing the shutters of the sails. 1 was surprised to 
find no traces of the flash on the boards at the ground. The 
, bottom link of the chain was fused, and there alt trace ceased. 

A second branch joined the fir^t at the iron lever, coming in the 
j direction described in what follows. Against the north^north- 
west angle of the platform runs a leaden valley gutter between 
two outlmikiings. The flash seems to have sprung, from some 
old iron, lying on the ground, to this gutter, and run along it, 
A small portion went along under the edge of the platform to 
the west north-west an^^le, and then along one of the radial strips. 
The larger portion entered at once at the norih-uorth-west angle 
, along a radial strip, tearing up the end of it and bending it over 
on to the platform. On reaching the ring of lead at the base it 
went round it in both directions, tearing up rhe lead at every 
junction, and bending it in the direction of me current. It then 
ascended by the south-south-east and ea^t-sjuth-east angles only, 
tearing up each lead ririp and curling the end over upwards. 

The portion ascending by the south-south-east angle joined 
that from ihe inside chain at the place where the boards were 
bur.sl off. That ascending by the east- south-east angle made a 
path of its own to the sail lever by perforating a board of the 
weathering apron which depends frv>m the revolving top of llie 
mill. This perforation, seen from the nearest point I could 
attain, was evidently from within outwards. The board is cracked 
from the free edge to the point of perforation, but not badly nor 
further. 


through her skin in several other parts of her body without her ! 
ibowing any signs of sensation. Her memory is short, and j 
three weeks^ intermission of the performance necessitates much { 
extra training and trouble. 

I may perhaps add that Mr. W. R. Goodall, an English i 
gentleman who has been living nearly three years ten miles i 
from here on a ranche, assures me that perfect reliance can } 
be placed on Mr. Wittich's statements. What my fcllow- 
traveUers and I saw ourselves was sufficiently marvcIloUs, and ' 
I am not ashamed to odd that we felt somewhat relieved when ; 
Che animal, which had circulated freely among os was chained I 
<ipagaml Wm. Eant Ca&pentbr. | 

Livingston, Montana, U.S.A., August 50. 


On some Effects of Lig(btning. 

Ttffl terrific storm which passed over Essex an the night of 
Mondsyi the and inst,, should give many interesting examples of ! 
iht of Ughinlng, I atA at Upmioster, miles from i 

Romford, on the morning foliowiiHC, and had the opnoriunitv of ! 


ffe owner, Mr. J. Abraham, and a friend witnessed the flash, 
oecnrred at about i a.m., from a Window not far from the 
mul They describe it as a mass or network of flame, which 
oft thousands of sparks Uke fireworks. After the flwh a 
fppsated pu the sail for a few seopods, and they feared the 
1^1 afKMila catch fire, hut it want out, extin^lrited, as they su]>> 
pose; by the heavy rain <I recorded 4 x ^0 inches in seven hours in 
a a away), 1 eporider fr remarkohife that the mill was 
The splintered wood arid cracked boards do not, 
nt any attainable poik show oT charriiw* 

The mill h octagonal, arid of wood, standing 6n about fl feet 


The mill Is octagonal, arid of wood, standing 6n about fl feet 
The joints of the weaiher boards at the angles are 

. board to the neri^arid aail^f' Ai*the base of 


On reaching the ironwork of the sails the whole charge 
passed along the lever of the north east sail, and on reaching the 
end of the metal entered the wood. The framework of this was 
shattered, ihe shutters smashed and thrown about, bolts broken, 
and the main shaft spliniereJ. Large pieces were throw n 50 yards 
and more into an adjoining field. 

The chaige appears to have left the sail before reaching the 
extreme end, but os the miller was awaiting the arrival of the 
Insurance Company’s inspector he did not wish to have the sail 
lowered, ajnd I could not in&pect it. 

In a few places the lead was partly melted. At some holes 
where nails were put in, little circles half an inch in diameter 
were melted cleanly out, and in o;ie place I found the head of a 
noil partly fused. 

I was 8urj>rUed to find so, little damage done to the mill, and 
think it is a very good illustration of Mr. 'I'omlinson’s remarks 
in Naturk of August 15 (p. 366), where he suggests that a 
building to be welt protect^ should have a network of conduct- 
ing material attached to it. Arthur E, Brow^j. 

31 Vanbrugh Park, Blackheath, September 10. • 


With rcgartl to the two lightning-struck trees near St. Albans, 
the twisting memioned by Mr. Pickering is probably not in any 
way due to the fact that the stroke was dealt by lightning. U is 
easily accounted for on mechanical principles, even assuming 
that the toughpeas of ^^e timber was exactly equal in every part. 
If the centre of gravity of the dislocated top of the tree lay out- 
side of a certain {)laoe passing through the point of explosion 
(the position of this plane depending on the tenacity of the stem 
at that level), such twisting would be inevitable ; much as in on 
earthquake (^located columns must always be twisted unless the 
friction oftlte dislocated surface is equivalent on each side of a 
certain line tunning parallel to the direction of motion. 

If Mr. Pickling nfs an op{)ortunity, ho might perh«'ips be 
able to ascertain wheCher or no the ^'core" of each tree Js 
*'Aot exactly in the middle of each stem, but rather to the ride 
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remdte from that to which the top bos fallen ” (ite my former 
Itftter). If thij ia the case, it would be strong proof that.tho 
exploricm aciually took place in the core. I shall probably 
have no opportanity of visiting the spot ^gain for many months. 

My recoUectidH is that there are no trees within several 
of the line joining the two damaged ones, which stood in what 
now looks like an opening in the wood. Mr. Pickering can 
perhaps check this also. A. F. Griffith. 

15 Buckingharkt Place, Brighton. 


several letters lately published in Nature, an explosion 
in or by a tree trunk is mentioned. Such an explosion occurred 
here during the great storm of July 12 last. The lightning 
struck an old crab-tree, at the base of the trunk, and exactly at 
the ground-line. The crab was growing on the top of a grassy 
bank. 7 'he lightning tore the b^k open from top to bottom, 
tore open and splintered the roots of the crab, and threw pieces 
of roots and turt, all in one direction, for 21 feet ; the turf was in 
large pieces, of about a foot cube. 

A tiled bam near here was, at the same time, struck in a 
peculiar manner. The lightning struck the upper tiles near a 
gable ; one tile was tom out and hurled away, and several other 
tiles were neatly perforated with round holes, each about 4 inch 
in diameter ; the tiles were red, and the holes were burnt grey 
all round. The wooden pegs belonging to the perforated tiles 
were blackened by the hear. W. G. S. 

Dunstable. 


On the Remarkable Form of Hailstones. 

With refcrtnce to the description given in Nature (vol. xl. 
pp. 151 and 272) of the hailstorm at Liverpool, it will probably 
be interesting to bring under notice an early account of the 
remarkable forms often possessed by hailstones ; it is to be found 
in the Bdinburj^h Philosapkical Journal for 1824, vol. xi. p. 326. 
The writer’ of the said article states that **in the second part of 
the eleventh volume of the ‘Nova Acta Physico Medica Acade- 
mic Cmsarem Leopoldinm Caroliosc Naturce Curiosorum,' Dr. 
Nogerath informs us, that, on May 7, 1822, a tremendous hail- 
shower fell in and around Bonn. . . , The general size of the 
hailstones was about one inch and a half in diameter, with a 
weight of nearly 300 grains. When whole, which was not , 
generally the case, the general outline was elliptical or com- 
pressed globular, and the form cerebral^ or resembling the brain 
of a warm-blooded animal. . . . More frequently the form was 
lenticular, and appeared polished on the two ends, as if by 
friction. The masses had a concentric lamellar structure ; in 
the centre wets a white, nearly opaque, nucleus, of a round or 
elliptical form, around which were arranged concentric layers, 
which increased in translucency from the innermost to the outer- 
most. 7 'hey at the same time exhibited a beautiful stellular 
fibrous arrangement, caused by rows of air-bubbles disposed in 
radii. , . . Captain Delcross, m the thirteenth volume of the 
‘ Biblioth^que Universelle,’ dencribes hailstones having the 
concentric lamellar structure and stellular fibrous arrangement. 

. . .The surface was provided with pyramidal forms. . . . When 
the edges and the angles of the pyramids are melted down, the 
artbral form is produced ; when the masses of hail, having the 
l^ructures described, burst asunder, the fragments have a pyra- 
midal form, and then forms what has been described under the 
name of pyramidai haifP The writer then proceeds to describe 
hailstones which fell on June 27, 1S23, at Aberdeen. “They 
(the hailstones) were included, almost universally, each by five 
sides or surfaces, four plane, constituting the sides of an irregular 
pyramid, and one spherical in place of a base. . . . The spherical 
surface appeared, to the depth of one-twentieth or one-thirtieth 
of an inch, to be solid as it was transparent. The rest of the 
hailstone was opaque, consiatiUg of crystals or minute columnar 
forms, perpendicular to the ^eripal surface.” Eight figures, 
iliustrative of the different findi of hailstones, are given 
(Plate ix.). 

Miss HoU refers to the metallic taste and the flavour of ozone 
possessed by those which felt at Liverpool The presence of 
NHg in hadstones was long r^o esubfished by M^ne {C0mpte$ 
rmdu$. May 19, 1851), J. Shearsom Hylakp. ^ 

14 Hume Street, Dublin, 

f' 


Erinus on the Roipeii Wntt 

The accompanying note on this alien ScfophUlariaceoui plimt 
will, 1 think, be of interest to many of your readers, more eipe^ 
cially to those who, as membcTS of the British Assodaticm, took 
part in the excursion on Thursday last from Newcastle to the 
Roman Wall. 

The plant occurs on some Roman remains at Chesters, Choi- 
krford, Northumberland, the residence of Mr. John Cleyton. 
In the recent editions of Pr. Brace*s ** Hand-book to the Roman 
Wall,” it is named Erinus hispaniens^ but it appears to have 
been previously known as E. alpinus. In endeavouring to 
determine its authoritative name, 1 have ascertained that the 
plant was called E. Hispanicus by Persoon (“ Synopsis '*), who 
regarded it as a doubtful species, whereas all other authors regard 
it as a variety of E, alpinus. There is a specimen, appairently 
of this plant, in the Oxford Herbarium, collected by Endreas 
(“Tlantcc Pyrenaicas exsiccatse, Annis 1829-30 lectae”) which 
he calls E, alpinus, var. lanuginosus ; Grenier and Godron 
(“Flore Frani^aise”) call it E, alpitms^ vnr. hirsulus ; Lange 
calls it E* alpmus^ var. villosus ; and WUlkomm and Lange, lU 
their “ Flora Hispanica,” follow Grenier and Godron, ^ving 
the other names as synonyms. It will doubtless be best to 
accept Willkomm and Lange's conclusion, and adopt the name 
alpinus^ var. hirsulus ^ Grenier et Godron. 

I may add that it. alpinus^ L., is mentioned, in Babuigton’s 
“Manual of British Botany,” as occurring near TanheM, in 
Yorkshire, n locality which is aUo given in the last edition of 
Hayward's “Botanist's Pocket-Book.” However, in Arnold 
Lees's “ Flora of West Yorkshire ” (1888), it is stated that this 
plant has disappeared from Tan field. Consequently Chesters 
IS now the only English locality for ErinuSy and the only form 
is the var. hirsulus. Sydney H. Vinks, 

Oxford, September 23. 


Noctilucous Clouds. 


The recent communications in Nature in relation to ap- 
parently self-luminous cloud-like bands in the skies afier ni^t- 
fall, call to mind the analogous phenomena of noctilucous 
clouds involving the whole visible firmament. 

We are indebted to the indefatigable industry and zeal of the 
illustrious Arago for the collection of the scattered facU relating 
to the phenomena of selMuminoua clouds of divers kinds.^ 
According to the records collected by him, noctilucous bands 
and zones of clouds are sometimes associated with the electrical 
manifestations accompanying distant thunderstorms. To this 
class belong the luminous phenomena noticed by Rosier on 
August 15, 1781, and by Nicholson on July 30, 1797. In other 
cases, the association of the phenomena with electrical disturb- 
ances, is by no means obvious. To this class belong the 
luminous clouds observed by Beccaria over his observatory 
at Turin ; likewise the luminous appearances wicnesaed by 
Deluc near London, and also those observed by Major Sabiise 
over the Isle of Skye in Scotland. In all these caseUi the 
noctilucous condition of the clouds was localized and confided 
to bands or zones in limited portions of the sky. But under 
certain conditions this apparently aelMuminous proi^erty of the 
nocturnal clouds involves the entire visible hemisphere. It is 
to this latter aspect of the noctilucous phenomena that I desire 
to call attention. 

Omitting the consideration of the exceptionally rare ^d apo- 
matoas phenomena ofso-called phosphorescent ** dry-fogs,” u thoae 
of 1783 and 1831, in which thelumhiosity was so pronounced 
enable one to read ordinary print at midnight, we cOme at Oitee 
to the generally recognized phenomenon of that faint diffused 
cloud-luminosity which enables the “country doctor/* with 
comparative Security, to perform faU lonely midnight drivhS 
cloudy moonless nights. Frequently the giou^ Is so fdnt Uutt jt 
is only possible to observe U at a distance from cities and wtfo 
towns, m plsices where the air hi free from smoke, and 
the darkness of the sky is not affected by ihe general iUamhiution 
due to gas and electric lights. 

The couditiooi under which the phenomena most conspieaoatjy 
manifested themsetvei to tny ohservations Were durlhjf 
incipient sts^ of ^ untumnid hbrih-east storms oceniiii^ 


‘ ‘'CKuvm»(kaat>IStwd« Ariga,'' ^ 


1B18, pp. *79^85. Cfcuvm 
** Msiforok^Cal 


traklM hr pp. 49*^3 
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tbtt 'of Georgia {U.S.A,)* Tn these three*days 

oyelenic storms, before the rain begins and usually before the 
lowest strata of air are sensibly disturbed by the upper currents, 
the ln#«lying dense masses of clouds coming from the north-east 
■scud across the skies with great rapidity. Under these cir- 
ontnstanoes, during moonless nights, the general illumination is 
suffijctenl to plainly indicate tite road to the traveller, even when 
it is bpiderra by tall overhanging trees. Under ordinary cir- 
cutOstances, an equivalent degree of cloudiness would have 
compelled the traveller to abandon all attempts at guiding the 
horse, and to rely entirely upon the superior acutenesa of the 
nocturnal vision of his equine companion. In such storms, the 
cloudiness involves the entire hrmament, and there are no 
electrical manifestations. To the traveller, the general illumina- 
tion apparently surpaj^ that of a starlight cloudless nighu 

Now the question is, What is the origin and source of this 
general nocturnal illumination on cloudy moonless nights ? No 
degree of cloudiness seems lo completely obliterate the faint 
illumination. For, as Arago intimates, even when the heavens 
are overcast, during moonless nights, and the stars are hidden by 
an unbroken mass of the most dense clouds, there is a sulhciency 
of diffused light in the open country to prevent the difficulty and 
inconvenience which would attend any attempt to walk in the 
Cimmerian darkness of a cavern. 

It is a popular opinion that the clouds act like ground-glass 
lamp-shades in diffusing the aggregate starlight, so as to produce 
A faint illumination from all parts of the sky, and thus obliterating 
shadows on the surface of the earth due to the greater amount of 
light radiated from the more luminous regions of the celestial 
vault. But Arago justly maintains that when we consider the 
immense effect of clouds in weakening the dazzling light of the 
sun on particular days in winter, it is scarcely possible to admit 
that the faint diifused light, which, on a cloudy night, guides the 
steps of the traveller, comes from the stars. In other terms, in 
view of the loss from rejection and absorption, the amount of 
starlight penetrating the cloud-canopy seems to be quite 
inadequate to acemnt for the degree of general illumination 
ol»erved at the surfoce of the earth. If we exclude the stellar 
origin, there remains no other explanation of the nocturnal light 
of a clouded sky, except the admission that the clouds thcmselvci 
have a luminosity of their own, This is the view taken by 
Arago. 

fiat since, for all degrees of obscuration, more or less of the 
starlight incident upon the canopy of clouds must penetrate it, 
and be diffused at the surface of the earth, this source of lumin- 
osity roust be looked upon as a v^ra causa. Its adequacy to 
explain the observed illumination in any given case will depend 
upon the density of the overcaRting cloudy masses and upon the 
sensitiveness of the human organ of vision. Hence it seems to 
be more rational to conclude that some portion of the nqcturoal 
luminosity of clouds may be due to the faint diffused starlight ; 
but that, when the amount of illumination from comparatively 
dense noctilucous clouds surpasses that of clear moonless nights, 
we are warranted in assigning them selMummous properties. 
This seems to have been the condition of the low, dense, and 
rapidly-drifting clouds observed by me during the iacipient 
stages of north-east storms on the Atlantic coast. MoreSver, 
the fact that an equal degree of cloudiness is not always attended 
with an equal amount of illumination points to the same con- 
chiaion. In other words, it seems to be reasonable that the 
degree of luminasity sometimes manifested in the deep win- 
ter nights, when the whole heavens are overcast with dense 
olouds, is vastly too great to be due 10 diffused stellar light, and 
is more probably ascribable to the greater 01 less self-luminous 
properties of the clouds themselves. 

In the cose of isolated cloudi), augmented nocturnal brightness 
may he due to well-known local causes, independent of setf- 
lumlsotity* For example, the Source of the brightness of the 
observed by Prof. Plawl Smyth in ' and 1883, was 
ttttoed % him to the reftection of the gas-llgHts of the city of 
frem water-drops in the clouds (Natork, voI. 
mevUb 0. aj9). In like manner, the br^ht noeturnkl clouds 
observed by Mr, T. W. Backhouse and o^ets tn 1886 
iNAtl/gB, vol xaxiv. pp. 339, 3t3, 3f86) were probably due 
to ht^tds of loffy clouds illominated by the Itng^rtng sunlight. 

,9dt av«h ln cases in which the noctilucous dondition of the 
uMda is general, it is more than possible that the starlight illu- 
tosuathm may be reinforced by the proloi^d twilights dne to the ' 
of sdnllght from atMttattd soud paitictes suspended 
Mihintlpvarolif^ strata of the atmotphriUi such as were mani- 


fested after the Krakattlb eruption in the autumn of 1883. More^ 
over, in certain cases the stellar illumination may be strongly 
augniented by cloud-obscured auroral lights. Th^se several 
possible sources of extra-stellar illumination of the sky during 
cloudy nights seem almost to preclude the necessity of the 
assumption of the existence of the condition of self-luminosity 
of clouds under any circumstances. 

But, admitting the occasional selfduminous condition of cloods, 
the question is, What are the physical causes of their luminosity ? 
It is customary to refer such olracure luminous phenomena to 
phosphorescence or to electricity. But it must be confessed 
that, in the absence of definite knowledge of the physical causes 
of the phosphorescence of clouds, on the one hand, or of distinct 
electrical manifestations in such clouds, on the other, such ex- 
planations, Ro far from enlightening us, would seem to be more 
akin to illustrating the obvious by the obscure. 

Seafaring men must have had numerous opportunities of ob- 
serving nocti’ucous clouds in various latitudes under every degree 
of obscuration ; but I do not, at present, recollect any reference 
to such observations on the ocean. In “The Voyage of H.M.S. 
Challenger in the ** Memorandum of Meteorological Observa- 
tions,'' under head “ Weather," there is a record of the “ visibility 
of distant objects " ; but I have been unable to find any night- 
observations of visibility (“ Narrative,” vol. ii. p. 300 H 

Berkeley, California, August 30, John Ue Conte. 


ON BOSCAWICHKS THEORY.^ 

X^ITHOUT accepting Boscovich’s fundamental doc- 

* trine iliat the ultimate atoms of matter are points 
endowed each with inertia and with mutual attractions or 
repulsions dependent on mutual distances,* and that all 
the properties of matter are due to equilibrium of these 
forces, and to motions, or changes of motion produced by 
them when they are not balanced ; we can learn some- 
thing towards an understanding of the real molecular struc- 
ture of matter, and of some of its thermodynamic properties, 
by consideration of the statical and kinetic problems 
which it suggests. Hookers exhibition of the forms of 
crystals by piles of globes, Naviers's and Poisson^s theory 
of the elasticity of solids, Maxwell’s and Clausius's work 
in the kinetic theory of gases, and Tail's more recent work 
on the same subject— all developments of Boscovich's 
theory pure and simple — amply justify this statement. 

Boscovich made it an essential in his theory that at 
the smallest distances there is repulsion, and at greater 
distances attraction ; ending with infinite repulsion at , 
infinitely small distance, and with attraction according to 
Newtonian law for all distances for which this law has 
been proved. He suggested numerous transitions from 
attraction to repulsion, which he illustrated graphically 
by a curve— the celebrated Boscovich curve —to explain 
cohesion, mutual pressure between bodies in contact, 
chemical affinity, and all possible properties of matter— 
except heat, which he regarded as a sulphureous essence 
or virtue. It seems now wonderful that, after so clearly 
stating his fundamental postulate which included inertia, 
he did not see inter-molecular motion as a necessary coik- 
sequence of it, and so discover the kinetic theory of heat 
for solids, liquids, and gases ; and that he only uud his 
inertia of the atoms to explain the known phenomena 
of the inertia of palpable masses, or assemblages of very 
large numbers of atoms. 

It is also wonderful how much towards explaining 
the crystallography and elasticity of solids, and the 
thermoplastic pro^rlies of solids, liquids, and ^ses, wc 
find without assuming more than one transition from 
attraction to repulsion. Suppose, for instance, the mutual 
force between two atoms to be repulsive when the distance 
between them is < Z j zero when it is ^ Z ; and attractive 
when it is >2 ; and consider the equilibrium of groups 
of atoms under these conditions. 

* Abttract by the Author of a communicAtion to Saetbn A of th* Britlah 
Aaiodatlon,,^ Priday, Sepwinber 13. At NewcAstlt. 
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h gt‘<^up of two would bo in equilibrium at diftauce Z ; 
llhd onty at this distance. This equiUbriuid is stahli^; 

A group of three would be in stable equiUt^riuid at 
terriers of an equilateral triangle, of sides Z j arid Ohly 
Iri this configuration. There is no other corifigtn^on Of 
equilibrium except with the three in One line. Thrire is 
one, and there may be more than one, configuratibii of 
unstable equilibrium, of the three atoms in one line^ 

The only configuration of stable equilibrium of four 
atoms is at the comers of an equilateral tetrahedron of 
edges Z. There is one, and thtre may be more than one, 
configuration of unstable equilibrium of each of the fol- 
lowing descriptions 

(i) Three atoms at the corners of an equilaterat' tri- 
angle, and one at its centre. 

(i) The four atoms at the corners of a square. 

(3) The four atoms in one line. 

There is no othcf configuration of equilibrium of lour 
at rims, subject to the conditions stated above as to mutual 
force. I 

In ihc verbal communication to Section A, inportant I 
questions as to the equilibrium of groups of five, six, or | 
greater finite numbers, of atoms were suggested. They 1 
are considered in a communication by the author to the | 
Royal Society of Edinburgh, of July 15, to be published j 
in the Proceedings before the end of the year. Tlie 
Boscovichian foundation for the elasticity of solids with 
npMnier-molecular vibrations was slightly sketched, in 
^■communication to Section A, as follows. 

Everj' infinite homogeneous assemblage ’ of Boscovich 
*^10013 IS in* equilibrium. So, therefore, is every finite 
homogeneous assemblage, provided that extraneous forces 
be applied to all within influential distance of the frontier, 
equal to the forces which a homogeneous continuation of 
the assemblage through influential distance beyond the 
frontier, would exert on them. The investigation of these 
extraneous forces for any given homogeneous assemblage 
pf single atoms—or of groups of atoms as explained below 
—constitutes the Boscovich equilibrium-theory of elastic 
solids. 

To investigate the equilibrium of a homogeneous 
assemblage of two or more atoms, imagine, in a homo- 
geneous assemblage of groups of / atoms, all the atoms 
except one held fixed. This one experiences zero result- 
ant force from all the points corresponding to it in the 
whole assemblage, since it and they constitute a homo- 
geneous assemblage of single points. Hence it experi- 
ences zero resultant force also from all the other / - i 
assemblages of single points. This condition, fulfilled for 1 
each one of the atoms of the compound molecule, clearly j 
suffices for the equilibrium of the assemblage, whether | 
the constituent atoms of the compound molecule are 
similar or dissimilar. 

When all the atoms are similar— that is to say^ when ' 
the mutual force is the same for the same distance 
betiveeri every pair— it might be supposed that a homo- 
j^eneous assemblage, to be in equilil^ium, must be of 
sinjgle points ; but this is not true, as we see syisthetrcally, 
without reference to the question of stability, by the few- 
lowing examples, of homogeneous assemblages of sym- 
metrical groups of points, with the condition of equilibrium 
for each when the mutual forces act. 

Preliminary . an equilateral ^ homogeneous 
assemblage of single points. O, O', Sec. Bisect every 
line between nearest neighbours by a plane Perpen- 
dicular to it. These planes divide space into rhombic 
dodekahedrons. Let AiOAff? AjOA*, A#OA^, A^OAt, 

* ** (taemhla^ of of of gronfs 0 / JfOiHis, Or of 

of 0 / ityxUim of i* an which nect4« no clhhidtioii, 

heoaufo It speaks fhr ifself unamW^TWinily. The sephMtrlolt ^ 

homoetmeous astemhlaaetf is treats^ ^i\h perfect simplicity arid Seqertfitw , 
ly Bravais In the Jonrtiol th CEcoik FHytockni^ut^ csiwt ad*, pp: i-Mse 

" 1 his meahs sUch an assemhULaa as that af the centres of alms 
kmed bamogeiwously, ps io the ordinary irltuiavtar-basedf or 
or uhLng-rectanSle-raiieJ, pyramids of round snot or of billiard halls. 


be the diagonals throtigh the eight trihedral ai^lea 
of the dods^heditm inclofting O, arid let be ^ 
length of each. Place atoms y*, Q*, ^ Qst 

Qit Qs» these lirifeSj at equal distanceei K 

from O ; and do likewise for every other point, OV O'V 
&c., of tbe infinite homogeneous assemble^. We thris 
have, around each point A, fbur atoms, Q, O', Q", 
contribiitcd by the lour dodekahedrons of which trihedral 
angles are contiguous In A, and fill the space arotriitt A; 
The diBiance of each of these atoms firom A iB a - r. 

Suppose, now, r to be very small. Mutual reprihriOns 
of the atoms of the groups of eight around the ^trita O 
will pteponderate. But suppoiie a - r to be very small : 
mutual repulsions of the atoms of the groups of four 
around the points A .uriU prepondifirate. Hehce for Some 
value of r between O arid there will be equilibrium. 
There may, according to the Jaw of force, be more than 
one value of r between O and a giving equili^iriotn : but 
whatever be the law of force, there is one value of r giving 
siet^le equilibrium, supposing the atoms to be constrained 
to the lines OA, and the distances r to be constrainedly 
equal. It is clear from the symmetries around O and 
around A, that neither of these constraints is necessary 
I for mere equilibrium ; but without them the equilibrium 
I might be unstable. Thus we have found a homogeneous 
equilateral distribution of S-atom groups, in equilibrium. 
Similarly, by placing atoms cm the three diagonals^ 
BjOB^ BjOBr, BjOBfl, through the six tetrahedral angles 
of the dodekahedron around O, we find a homogeneous 
equilateral distribution of f>-aiom groups, in equilibrium. 

Place, now, an atom at each point Q. The equilibrium 
will be disturbed in each case, but there will be equi- 
librium with a different value of r (still between o and a). 
Thus we have 9- atom groups and 7- atom groups. 

Thus, in all, we have found homogeneous distributions 
of 6’ atom, of 7-atom, of 8-atom, and of 9-atom groups, 
each in equilibrium. Without stopping to look frir more 
complex groups, or for 5 -atom or 4- atom groups, We find 
a homogeneous distribution of 3 atom groups in equi- 
librium by placing an atom at every point O, and at each 
of the eight points Aj, A^, A®, A^, A„ A7, A4, An. Thi^ 
we see by observing that each of these eight A’s is com- 
mon to four tetrahedrons of A's, and is in the centre of a 
tetrahedron of 0 *s ; because it is a common trihedral 
corner point of four contiguous dodekahedrons. 

Lastly, choosing Aj, Ap A4, so that the angles AjOA^ 
AiOAg, A1OA4 are each obtuse/ we make a homo- 
geneous assemblage of z-atom groups in equilibrium by 
1 placing atoms at O, Aj, A®, A^, A4. There are four' ob- 
j vious ways of secirig this as an assemblage of di-atomic 
j groups, one of which is as follows Choose Ai and O as 
j one pair. Through A„ A^, A4 draw lines same-wards 
i parallel to AiO, and each equal to A, 0 . I'heir ends lie 
i at the centres of neighbouring dodekahedrons, which pfair 
j with Aa, A,t A4 respectively. 

j For the Boscovich theory of tbe elasticity of solids, thb 
j consideration of this homogeneous assemblage of double 
atoms is very important. Remark that every O is at the 
centre of an equilateral tetrahedron of four A’s ; arid 
every A is at the centre of an equal and similar, and 
same-ways oriented, tetrahedron of O^s. The corriefi of 
each of the^e tetrahedrons are respectively A and 
of its twelve neai*e5t A neighbours ; and O and tnree pf 
its twelveinearest O neij^bours. By aid of an illasltfaitye 
model showing four of the one set of tetralmdidns wh 
thelf comer atoms painted blue, and orie tetrahedrim of 
atoms in their centres, pairited red, the nsatbemaitlfca^ 
theory which the ad^or had communicated to the ReiM 
Society of Edinburgh, was illustrated to Section A. , 

In tms theory it fs shown that tn an elitstic soHd 0^* 
etituted by a stifle homogeneous assembda^ Of 
atoms, them arOm jjj^new two dlfiwieiit rlifidltiee» 

* rm ■ho ^ ohuiw. ef 

, ihtat Mix obt t»M Migtot fii tiiaol to lie « cof 
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<MilS ]E>^lk*InaduluSt k \ between which there is essentially 

the fcl^tion 

^ ^ :^n + 2 /?„ 

whatever be the law of fbrce. The law of force may be 
eo to make /it ^ ; and in this case we have 

^ vm which t« Poisaon’e rel^ion. But no such relation 
is obiiiratory when the elastic solid consists of a homo* 

f meous assemblage of double, or triple, or multiple 
oscpvich atoms. On the contrary, any arbitrarily chosen 
values may be given to the bulk-modulus and to the 
rigi4ity» by proper adjustment of the law of force, even 
though we take nothing more complex than the homo- 
geneous assemblage of double Boscovich atoms above 
described. j 

The most interesting and important part of the subject, ' 
the kinetic, was, for want of time, but slightly touched in 
the communication to Section A. The au^or hopes to 
enter on it more fully in a future communication to the 
Royal Society of Edinburgh. Wu.liam Thomson. 


NOTES. 

The model of a memorial to Prjcvalaky, which is to be ! 
erected on the shore of Lake Issyk-kul, in being exhibited at St. I 
Petersburg, It repiesents a rock, upon which an eagle is I 
descending, having a map of Asia in its talons, and an olive I 
branch in its beak. The monumunl will have the inscription : ; 
** To the first explorer of Nature in Central Asia.” 

Thk Durban Correspondent of the Tima telegraphs that the 
Cape Government has decided to adopt Prof. Seeley’s proposal 
for a geological survey under his cliarge. He believes that other 
eruptive diamond- beaiing tracts like Kimberley exist elsewhere. 

It is understood that a sum of ^20co has been presented to 
the University of St. Andrews for the purpose of erecting build- 
ings and e<|uipping a chemical laboratory in connection with the 
Chemical Chair in the United College of St. Andrews. 

The late Aldcrmau George, of Leeds, has bequeathed ;^ro, 000 
to the Yorkshire College. 

The Harveian Oration will be delivered at the Royal College . 
of Physicians ly Dr. James E. Pollock, at 4 o'clock precisely, on 
Friday, October 18. 

The Queen has been pleased, on the reoouunendaUoti of the > 
Secretary for Scotland, to appoint Mr, R, Fiuroy Bell, advo- { 
cate, to be Secretary to the Scotti^'h University Commissioners, 
constituted under the Universities (Scotland) Act of last 
sesaion. 

On Monday the International Congress of the Ethnographic 1 
SqienCiW wa$ opened in Paris, at the Trocadero, under the 
presidency of M. Jule$ Oppert, Member of the Institute and 
Profeoftor at the College of France. In opening the proceedings j 
M. Oppert defined the province of ethnogr^hy, and enumer- i 
Atod six sections into which the Committee of the Congress hod j 
divided the ethnographic sciences.' These were: fi) general | 
^nology ; (2) ethics and sociology ; (3) ethnographic pyacho- j 
I (4) comparative religion, with a sub-section devoted to ; 
philology ; and (fi) archseotogy and Ibe fine arts. 

Cotigmss on Hydrolo^and Climatology meets in Paris 
After the tneeiiing then wUl be an excutaioa to the 

vrnm* 

Aft the Colonial ExbiUtlon in Paris, visitors etwiy now obtain 
isaued by the Kiantdi Cov«riiment« concerning the 
t))«hr vasonroM, and the advantages d:iey offer 
Those relating |o the Victoria and the New 


At St. Petersburg, on September 7, several Pulkova astrono* 
mers and geodesists took advantage of the ascent of a balloon, 
belonging to the Technical Society, to test the accuracy of 
barometrical Rieosurements. The aeronauts, who reached a 
height of iSoo metres, took with them, besides chronometers 
and various meteorological inslniments, a barometer, a baro* 
graph, and an aneroid ; and they obtained, in addition to the 
curve of the barograph, the various heights at which the hoi toon 
stood during its ascent and descent for twenty- eight difierent 
moments. '^The heights obtained from these measurements 
will be compared with those found by geodeticnl angular 
med,surementB, which were made at five different places as far 
distant from one another as Croiutadt, the St. Petersburg 
University, Kolpino, and Pargolovo ; that U, at distances of 
more than thirty miles between the extreme stations. The 
geodetical measurements thus secured are now being calculated. 

The Brussels Correspondent of the Times points out that the 
number of foreign students at the German Technical High 
Schools is steadily increasing, especially at Berlin, where, last 
year, there were thirteen English students preparing for the 
professions of mechanical and mining engineert., architects, and 
cheniists. 

We regret to announce the death, at Manila, on July 28 last, 
of Senor Don Sebastian Vidal, Inspector-General of the Philips 
pine Island Forests and Director of the Manila Botanic Garden. 
He held the post for a considerable period, and was the author 
of numerous important works on Philippine botany. He paid 
two visits to this country in his official capacity ; a first of two 
months' duration, in the autumn of 1877, and a second of four 
months’, in 1883-84- Both periods were spent at Kew in work- 
ing up the Philippine flora ; and he deposited in the Herbarium 
a set of no less than 4062 specimens for future reference. His 
published works are : — **Catalogo metddico de laPIantas Leilosas 
ol>servadas en la Provjncio dc Manila,” 1880 ; “ Resenade la Flora 
del Archipiclago Filipino,” 1883 ; “ Sinopsisde Familiaa y Generos 
de Plantas Leflosas de Filipinas,” 188 j, with an atlas of 100 folio 
lithographed plates ; Phanerogam*e Cumingiana: Philippin- 
arum,” 1885 ; and ** Revision de Plantas Vasculares Filipinas,” 
1886. The two latter were the result of his last visit to Kew, and 
he was assisted in their preparation by Mr. R. A. Rolfe of that 
establishment. Senor Vidal was the first to investigate the 
Philippine flora since the time of Blanco (when geographical 
botany as a science was practically non-existent), and we owe to 
him, not merely a widely extended knowledge of its constitution, 
but also the establishment of the fact that the Philippine flora, 
though substantially Malayan in character, yet presents a num- 
ber of very important peculiarities. We cannot but announce 
the death of so energetic and promising a worker with profound 
regret, and hope that his successor will carry on the woik with 
the same amount of success. 

An Indian native paper announces that the Newab of Junagadh 
has communicated with the Meteorological Department of the 
Government of India offering to start an observatory at Verawal, 
and to make suitable arrangements for the exhibition of storm sig- 
nals for apprising the shipping of the port of the advent of storms 
in the Arabian Sea. The Dewan of His Highness has oflfcred a 
building for housing the meteorological instruments, and pro- 
poses to erect a shed for the reception of the thermometers on a 
site near the seashore of Verawal, and to a*sUt generally the 
Meteorological Department to start an observatory. 

Mr. Howard Cunningham, the Honorary Curator of the 
Wilt^Sre Museumi writes com plain mg that the monoliths of 
Stonehenge are being defaced by the names and initials of visitors, 
and that the indosart has become ** like a plgAty*” owing to the 
litter of bfdhen bottles and other relics of the British hoUday- 
maker. The state of one of the most ancient and interesting of 
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^tti^ U ftaid to be far worse than it was fifteen yean 

there is nobody at present to look after it. 

Aodoi^DrNG to 3 ^. W. C. Wilkinson, of New York, there is 
a httnentable decay of what he calls ** the reading habit " of the 
American community. has addressed to the NcUian a letter 
in which he says that if fhe census taken could next year require 
people everywhere to name the books they had read during the 
previous twelve months, the result would probably show that not 
one person in a hundred in the United States had been the 
reader of even a single book. Some time ago Mr. Wilkinson 
took a leisurely drive ftom the Hudson to the Genesee, ** through 
one of the most enlightened and most thriving belts of country in 
the Empire State of the Union/’ and during the journey he tried 
in various ways to find out from a considerable number of people 
the nature and extent of their recent familiarity with books, ** I 
found the fact superfluously made out/* he says, that, so far at 
least as rural regions may be taken to represent in this respect 
the country at large, not many persons in comparison to the 
whole number of our population are book^readers/* 

The Ctntury Magazine for October contains some interesting 
reminiscences of Sir John Herschel by the late Miss Maria 
Mitchell, who, during her visit to England in 1857, was for 
some time his guest. ** I could scarcely believe/' she says, 

** when I saw Sir John Herschel in his family, guessing conun> 
drums with the children, playing at spelling, and telling funny 
anecdotes, that he was the same man of whom one had said to 
me when 1 first hinded in England, * He ii living at llawkhurst, 
not very well, and not very good-natured.* Probably the ex- 
pressioti on his countenance of physical suflering had been I 
mistaken for ill temper. He was remarkably a gentleman ; 
more like a woman in his instinctive |>erccption of the wants 
and wishes of a guest.** Sir John told “ pleasant little anecdotes 
pf :8ome self-made astronomers who came to him with most 
Absurd notions, such as the non-existence of the moon— founded 
Upon the reading of his works I And one good soul sent to him 
to have a horoscope cast, and inclosed a half-crown. Another 
wrote to him asking, ‘ Shall I marry, and have 1 seen her ? * ** 

An ethnographical work on the Caroline Islands, by J. S. 
Kubary, is about to be published, in three parts, at Eeyden. 
The full title is Ethoographische Beitrage zur KenntnU des 
Karolinen Arcbipels/' The work is said to present the results 
of much observation and study, and it will contain many illustra- 
tions prepared ftom the author's original sketches. 

In the new number of the Internationales Archkf fur Btkno- 
graphie (Band ii. Heft, iv.), Dr. Euschan concludes his valuable 
and interesting paper on the Turkish “ Schattenspiel/’ and Dr. 
O. Schellong gives a graphic account of the so-called Barium 
Festival in Kaiser Wilhelm's Land. Dr. Schellong's paper is an 
important contribution to our knowledge of the customs of the 
Melanesians. 

According to the scheme adopted by the Italian Royal Com- 
mission to commemorate the work of Columbus, a ** Raccolia 
Colombiana" will be published, in six volumes, devoted to (1) 
the writings of Columbus ; (2) Coiambus and hU family ; (3) 
the discoveiy of America ; {4) navigation and cartography of 
the discovery; (5) monographs (Italian precursirs and con- 
tinuers of the work of Columbus); (6) bibliography. This 
work will apparently be the outcome of a large amount of 
dthgent retearch, * 

The Congress on Education, organized under the patronage 
of, and with a subvention fromi the Baris Municipal CouncUi 
has concluded its sittiags. It was attended principally by 
teachers, and there were nearly as many women as men. A 
considerable number of Russian and Polish teachers were pre- 
sent, together with a few delegates from Belgium^ England, 


Italy, and Switzerland. The tone of the debates soon rendered 
it erident (the Times Correspondent says) that by frtt eddoalion 
the Congress meant freedom from clerical and official control* 
The general spirit animating the Congress was well expressed by 
the resolutions carried. The first was to the following effect r— 

** That public education should hove for its object the perfecting 
of society by the integral culture of man ; it should have a 
scientific character, and should employ the experimental and 
deductive methods of observation ; it should aim at preparing 
mankind, from a moral, social, industrial, and agricultural point 
of view, for a better future, and a state of society where in- 
equality and injustice, privileges and the exploitation of man by 
man, ignorance and superstition, will tend more and more to dis- 
appear. By integral education it is meant that all. forms of 
instruction shall be equally accessible to all pupils, whether rich 
or poor." The Swiss delegate explained (hat in several cantons 
the pupils had free meals as well as free education. In the 
governing of educational matters the Congress thought there was 
danger in allowing any one particular class of interests to pre- 
dominate. Parents especially were looked upon with suspicion 
as being too often opposed to progress, which was more likely to 
be initiated by the school teachers, the municipalities, or the 
State. The Congress voted that these four elements should 
together decide educational matters. It also pronounced itself 
in favour of mixed schools, where boys and girls should work 
side by side at the same lessons, and be sometimes taught by 
men and sometimes by women. A great deal of evidence waa 
given to show that this developed the spirit of emulation and 
produced a higher tone of morality than the separate system. 
Mme. H<?liga Lowy gave a pathetic account of the tyranny pre- 
vailing in Russian Poland, where boys were flogged and ex- 
pelled from school if overheard speaking their native language, 
and explained the measures taken by the Russian Government to 
prevent (he growth of education, quoting an official decree 
stating that knowledge spread too rapidly among the people, and 
that this menaced social order. 

At the Sanitary Conference at Worcester last week a very 
interesting paper on sewage and fish was read by Mr. Willi* 
Bund, a well-known barrister and authority on inland fishery 
matters, and Chairman of the Severn Fishery Board. His 
suggestion was that the standard of purity for effluents from 
sewage works should be that the effluent should be purified to 
such an extent tliat no effect would be produced upon fish that 
frequented the stream iato which the effluent flowed. Incident- 
ally Mr. Willis Bund gave much interesting information on fish 
and sewage in this country. Dividing the rivers of the country 
into those in which Salmenidec are found and those where they 
are not, he said that curiously enough, up to the present time, 
with one exception (York), all sewage works had been pli^ed on 
riven from which Salmonidoi were absent, , It had for a long, 
time been the fashion to say that the effluent from sewers did not 
injure fish life, because fish were often seen feeding at the secrets’ 
mouths, but fresh sewage wot limited, and the class of fii^ 
usually found near sewers and drains were known as coarse or 
white fish— roach, dape, chub, &c, ; but it was a fact that the 
SalfHoHido! did not feed at the entronee to sewers, and were hot 
found there. Speaking broadly, be said the fish that tnhabU the 
English rivers are divided into two great cUssea— or: 
fish of the carp family, and Ssdmdnida^ or fish of the salmon 
family. The first are resident in firesh water ; the latter com- 
prise migratory speciea The first are Jar mote tehacionii of 
than the second, and will live and even thrive under 
stances in which the second would die at once. Cfubus^ 
enongh, sewage experiments Kaye been made almost exe^ilf^ 
on membeb of tlie (igpeinideex askd nsnatly on fish iKsit aee ^ 
hardiest and most id idll of tltat ; and yet 
curiously, the fish natudiy selected ht mtperlment is n ^ 
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itv^genioui to Britfath wstom* but om of the hardieet of all the 
iViSf— tho gold-fifth. It i« dlfiicttU to say what amount of 
itktl^UrUy a gold-fish will not live in. Yet it is on this fish that 
fbe akporiments of the efifect of sewage and impure elBuents are 
aftOftHy made^ probably becaufte the gold-fish can be bought more 
eheUipiy ftiod more easily than almost any other live 6«h. Hitherto 
the rivers on which ftewage works been erected had either 
had no fifth at all in them or had had the hardiest member of the 
Cyprinida^ He thought that those who were interested in river 
pollution would be doing uaeful work by preparing a classified 
lilt of the rivers of England and Wales, thus--*(o) rivers not 
containing fish ; (^) rivers containing Cyprinida only ; {c) rivers 
containing CypHnida and non -migratory Salmonida ; (d) rivers 
containing migratory SiUmonida;, For each class a minimum 
standard of purity should he agreed to. 

The Ceylon papers announce the death of an elephant named 
Bella, which had served the Public Works Department for over 
sixty-five years. Originally Sella belonged to the last of the 
Kings of Kandy, Sri Wickrema Kaja Singha, and was one of 
about 100 elephants which passed to the British Government in 
1815, when the Kandyan dynasty was overthrown and the whole 
island passed under British rule. It was supposed at that time 
that Sella was fifteen years of age, but this was uncertain. In 
1880 it was decided that all the elephants belonging to the 
Public Works Department should be sold, and Sella fell to a 
well-known resident of Colombo, Mr. de Soyaa. The animal 
aided in several keddah operations for the capture and taming of 
wild elephants, but became totally blind about three years ago. 
He continued, however, to work at the plough until within a 
short time of his death. After death the tusks were removed, 
and measured 5 feet in length. Sella himself was 8 feet high. 

The autumn gathering organised by the promoters of the 
University Extension Scheme in Edinburgh began on the 24th 
ult., and it will go on till October 5. The objects of the 
gathering are officially stated to be to make known the advant- 
ages of the University Extension Scheme, to afford to those who 
have not received a University education some experience of 
University life and practice, and to consider the propriety of 
organizing "reading centres** in Scotland in connection with 
the National Home Reading Union. The promoters have been 
fortunate in securing the assistance of some of the most eminent 
literary men and men of science in Edinbuigh, including Profs. 
Masson, Tait, Crum Brown, Cossar Ewart, and Geikie j while 
the syllabus offers a very attractive programme in the five de- 
partments of physical science, biological science, political science, 
history and ethics, literature and art and music. There are 
forty-five lecturers in all, and the lectures, numbering upwards 
of fifty, will be delivered on nine days. The opening lectures on 
the Hth, by Profs. Kirkpatrick and Crum Brown, were attended 
by about 100 persons, and Prof. Tait at his lecture on Wednes- 
day hod an audience of some aoo, and on all these occasions the 
laifer proportion were ladies. 

T|IE twelfth annual meeting of the Midland Union of 
Notfivol History Societies was held in Oxford on the 23rd and 
a4t)» nlh The visitors, who were rather numerous, met the 
OKfbtd Society at the Oniveniity Musenm in ih^ Parks at half- 
one o'clock <m Monday. The company vra* divided into 
small partioft, who were conducted to the various places of 
, The annual meeting fbUowed, under the presidency of 
1^. Ponlton, F,R«S., who siftwequently delivered the 

^ftem^^addieis, taking for bis sulsdect Heredity.*' In the 
% was held, at which about four hundred 

pment, induding all the leading members pf the 
ijMWvin Oaftxnd. Hie kifge lecture-iwm of the Shbl- 
was crowded with on aUd}e«<» to hear Dr. 

, of the sova^ methods of obtaining fi re. $it 

' poin^Bg out the 


great .prdgreu which science had made in Ox fold. Manyofijects 
of interest were also exhibited, including some specitUena of 
sand grouae, and specimens of the whole of the grasses of 
Oxfordshire. Mr. H, Balfour explained the principal objects In 
the Pitt- Rivers anthropological collection in the Museum, and 
Mr. Foulton described the local specimens of geology. The 
afternoon of the second day was spent at the Kadcliffe Obser- 
vatory. 

Prof. Gigiioli was the delegate for Italy to the Ornitho- 
logical Congress held at Vienna, in 1884, under the presidency 
of the late Crown Prince Rudolph of Aujttria — a Congress at 
which, the 7 'ifnes report stated, " England was conspicuous by 
its absence." The subjects which the programme of this Con- 
gress set forth were of so trivial a nature that it is scarcely to be 
wondered at that English ornithologists, who seem to fight sby 
of Congresses as a rule, scarcely deemed it worth while to 
Journey to Vienna to discuss such problems as the origin of the 
commm fowl, &c. Nevertheless, the results of that Congress 
were really of great importance. Not only were several first- 
class memoirs presented to the meetings, but the institution of 
an International Committee for the purpose of creating stations 
of observation on the diatrihution and migrations of European 
birds was a distinct step in advance, and had no more im 
portant work than that of Prof. Giglioli resulted from this deter- 
mination, it would alone have justified the meeting of the Con- 
gress. As a matter of fact, however, these reunions of zoologists, 
such as the one that has just taken place in Paris, ^re the means 
of bringing together men who might not otherwise meet ; arnl as 
a vehicle for the interchange of ideas, and of forming acquaint- 
ances which result in the permanent benefit of the mstimtions 
to which the Congressraeh belong, they are to be greatly en- 
couraged. Prof. Giglioli was appointed, on his return, ofikial 
ornithologist for Italy by the Minister of Agriculture, Industry, 
and Commerce, and he at once enlisted a valuable corps of 
coadjutors in different parts of the Italian peninsula, and 
the records of these observers are now presented to- us in 
a fiul^stantial volume which is entitled "Primo rcsoconto des 
risultati della inchiesta ornltologica in Italia/* A map of Italy, 
which accompanies the volume, marks the places where obser- 
vations have been made—about 200 in number, with nearly 
300 observers, Taking, therefore, his own " Avifauna Italica ’* 
as a groundwork, Prof. Giglioli follows the same order in making 
his record of observations, so that anyone studying the bird< of 
Italy can find out exactly what has been done in the way of 
discovery since the ap]>earanoe of the above-mentioned work —an 
admirable advantage to the student of geographical distribution. 

The University College of North Wales has issued its 
Calendar for the year 1889^. 

The additions to the Zoological Society’s Gardens during the 
past week include a Red-handed Tamarin {Midas 
I from Surinam, presented by Mies Gladys E. Meyrick ; two 
Black-footed Penguins (SpAeniscus d^m^rs$ts) from South Africa# 
presented by Mr. Harding Cox, F.Z.S. ; a Peregrine Falcon 
pgiregrtHus) captured in the Red Sea, presented by Mr. T. 
J. Taylor; a Common Pintail {Dapla acuta)^ European, pre- 
sented by Mr* R. Terrot ; a Himalayan Beor ( Ursus tihiianus^ 

S ) from Northern India, two Common Cassowaries (Casumius 
gale^tm) from Ceram, a Laughing Kingfisher {D^cdo gipanied) 
from Anstraiia, deposited ; six Californian Quails {Callifpspl<i^ 
uMififtmca, 2 ^ 49 } from California# purchased ; a Malaccan 
Parrakeot (Waorms lonpdaudat 6 ) from Malacca, a Malabar 
Parrakoat <J ) firom Southern India, a 

CalUbrtilan Quail (Ca/^fitpia ca/ifimica, S ) from Californio* a 
Virginian Colin {Or/yx mpinianus^ d) from North America, 
received in exchoi^ ; four Long- fronted OerbUles [GerlfiUm 
bred ip the Gardens. 
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, OUR ASTRONOMICAL COLUMN. 

TeB«UTT*» OiVSttRVATORV, WlNOSOt, NttW SOUTH 
Wr. tebbw't, who, it will he remembered, pnbliihetl 
M abort account lir hia observatory about a year and a half aco 
(Natukb, voI. xyxvii. p. 400), has reaotved to supplement it % 
a brief annual reports the hrat of which reports, that for i88a, 
he has now iust issued. The record of his work during the 
year shows bioi to have been fiilly as active as formerly ; tbe 
lUt of observations, including, in addition to routine meridian 
and metcorologival work, 56 occulialions of stars, besides those 
of Venus and Saturn, the occultation of 47 Utw by Jupiter, 
75 phenomena of Jupiter's satellites, 230 comparisons of 
Jupiter and 0 ^ Scorpti at their conjunction ; 164 observations 
of PalloK On 17 nights, 215 of Comet Sawerthal on 23 nights, 63 
of Encke^s comet on 10 nights, and 187 of Comet Barnard (tSBo, 
September 2) on tonights, besides measures of 24 double stars. 
Faye's comet was seen on December 3, but no determination 
of place was obtained. The whole of the obircrvationa were 
inaae by Mr. Tebbott himself, who has a well-earned reputa- 
tion for accuracy, and it is with a Just and natural satisfaction 
that he alludes to the use made of hw observations by Dr. 
Kreutx in his discussion of the orbits of the comets of i8fo and 
1883, and by Von flaerdtl of that of Winnccke's comet. 
During the present year, 1889, Mr. Tehbntt pr<mofted to 
continue observations of the same nature as in 1088, with 
especial attention to lunar occuUations. 

The Variable ti AroOs.— -M r. Tebbutt mentions iu his 
report the lecent increase in light which has been shown by 
17 Argds, and to which he had already called attention in the 
Asironomische Nathrkkten. Dr. Thome now supplements this 
statement in the Same publication, No. 2922, in which he gives 
' the Cordoba, observations of the star. From these it appears 
that the star ran steadily down m brightness from rSyi to 1887, 
and that since then there has been a fairly rapid recovery, also 
steady in character, I'he star has at the same time shown a 
remarkable change as to colour j before minimum it was a dull 
scarlet, rww It is bright orange ; indeed it was the change in 
colour rather than any increase in brightness which first attracted 
Dr. Thome’s attention. This change he first noticed on March 
.30, 1887 ; the last observation previous having been made in 
July 1886, from whence he infers that minimum fell about 
October or November t886. “But if,” he adds, “we have 
here, as seems probable, a type of Mr. lA)ckyer's binary meteor 
awarms, March 2o would correspond nearly with the beginning 
of collisions and opposition may have occarred years earlier.” 
Dr. Thome estimates ihe mmin^um brightness as 7*65 ; taking 
the maximum brightness in 1843 a« - I'o mag. (between Sirius 
and Canopus), the total range will be 8^ mogaiiudes in a period 
of forty -three or forty*fpur years. 

Dr. Thbmc con^'idcs that the observations since 181 x, if 
reduced to the same scale, might no longer show secondary 
maxima. 

The RoTATfOK Ekriod of the Sun.— Mr, Henry Crew, 
who published about eighteen months ago (Nature, vol. xxxvii. 
p. 495) a determination of the rotation period of the sun by means 
of the relative displacement of lines in the solar speclram when 
observed at the east and west limbs, has recently undertaken a 
fresh fcries of observations for the correction or confirmation of 
those made last year. It will be remembered that Mr, Crew 
^fbund that his earlier observations gxve an iDcroaa^ in the angulat* 
velocity with increa'^e of latitude, in opposition to the results 
obtains by Carrington and others from x»bs«rvation of aun^ 
spol$« and which showed the greatest angular velocity for the 
equator and its neighbourhood. Mr. Crew now finds that hia 
earlier result needs revisiopi forthere was apparently a tyoteihaiic 
error connected in some way with the date of observatl^. The 
now scries, however, ^ttll p^ats to a rshoner routlon periodJbr 
the higher latitudes, the mean value for the rotation perh^ dt 
iat. 45'" being i8‘ hours shorter than at the equator. Hav^ 
regard to the smallness of this omount and the uncertainty bf the 
oraervations, Mr. Crew conejud^ that “no certain Variaiionof 
period with latitude has been detected by the sp^roioope.^' ^lfte 
coHs attention, however, to theiifide difierence in the ealoes 0f 
the equatorial period as obtained by different methods. Ku|ii- 
stein and others, from the variations in the daily muge in the 
barometer, fixed the sidereal Totatioti penod ai 04*^2 dayd.: 
Broun and Homstein, from the variation of the 
ments, deduced the values 04^8 and 04*51 vw^ecdvdly; 
Carrington obtained from sun-spots 04*97 dayo} Wiyag,.i«M 


foeulsc, 05*23 ; whilst Crowds value firom th* spectrosoppic 
method is the longest of all-^Hi6*03 days. Mr. Crew imdMWthe 
suggestion that iIk dhlsrent fnethqds really dieal with dMi^ot 
strata of the sun, and that those portions of the son whit^oBhet 
the variations of the barometer , and of terieitnal mognMliiiti are 
jooie deeply seated than the swi-spots* whi^, ege*n» lie Wer 
than the faculw, the anguiof veb>ciiy of rotation dlmmishhjig on 
this view from the more eentral portions of the son outwards. 

Comet 1889 if (Bgooets, July 6V"-The following elementa 
for this comet have been dmive<l by Dr. Otto Kohirf from 
observations made at Mount Hamilton on July 8, Dresden July 
30, and Vienna August 19 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 OCTOBER 6-12. 

fT^OR the reckoning of time the civil day, commencing at 
\ a Greenwich mean midnight, counting tl» hours on to 24, 
is here employed.) 
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i®3 ••• 35^' •■• ; Mreaki>. 

13S ... So N. ... Very swift. 


GEOGRAPHICAL NOTES. 

TH&' Hfoii; Secretary of the South Australian branch of the 
Geci|^jiq>hical Soci^ recently received the following telegtafdik 
tnectef^ from Mr. 'netkens, who lain command of asvExj^ition 
engnged in expdortng the imerlor. llie telegrnni came from 


Chunolte WatetSf and is published by the Colonin attd Indi&^ 
It says: — “The lUpecKtion under my command arrived at 
Erl^^da on jufy 2^ the parly being all wdl. The Expedition 
left Glen Edith on May 10, While there for four days and five 
nights almost incessant rain fell. Forty mile® west of Glen 
E&th we discovered and named Cleland Hill* and GiH’a Creek, 
flowing south for twelve mdes. The extent of good cotmiry is 
limited. We also discovered and named Beetsem Hills, where 
there were three miles of running water, the extent of available 
country abo toeing limited. In east longiiude 45^ and south 
latitude 23"* 20', wc discovcretl and named the Kintnre Range, (he 
highest peaks of which are Mount Leister and Mount Strickland, 
1500 feet above the plains. Here we ext>ericnced three day>^‘ 
heavy rains. In south Utitude 23" 22^ and east longitude t2S^ 15^ 
we *K*-covered and named I ake Macdocmld, after the hon. 
secreiaiy of the \^ictorian branch of the Society. It extends 
westerly to east longitude j 2 T the stmth shore being in 
latitude 23*" 40^ South of the l^intore Range we vhiied and 
named Davenport Hill, and thence wc travelled in a south- ! 
easterly direction to Blood's Kange, the bigbe't peaks of which ! 
were named Mount Harris and Mount Cartuthers, being 1400 
feet above the plains. Mount Unapproachable, in Long's Range, 
marks the weal extremity to Lake Amadeus, its south shore, 
south of Mount Olga, bem^ in latitude 24® 39'. At 1 .ake Amadeus i 
the camels part 00k of a jkrisonous plant, from the effects of w hich 1 
one died. At Mount the other was unable to travel. After 
a week's rest the Expedition left there and visited Ayer's Rock. 
Mr, Goss's marked tree has been burnt down by the blacks. 
Kear Mount Connor we discovered a small spring, and travelling 
nortliward from there discovered and named Basedow Range ; 
from therc travelled easterly over better country imiil we arrived 
bert, receiving a most cordial and hospitable reception from 
Messrs. Warhurton and Tomlin. To Mr, W^arburion's kindnesa 
We are indebted for conveying this message tu the telegraph 
line. The general character of the country passed over has been 
Spinifex, sand- hills, and plains, with extensive foresuof Caaua- 
rina. Kook reservoirs, native wells, and a few clay-pans 'were 
the only descriptions of water met with." 

«OkV of the most important of recent exploring Expeditions has 
been that under Six William Maegregor, the Administrator of 
British New Guinea, who has meatly ascended and examined 
the Owen Stanley Range, over 13,000 feet above the sea. Several 
aitempU have Men mw to reach the summit within the pAst 
few years ^ Sir 'Vl^UUam tbererbre deserves much credit, all 
the more that his natural history observations are very 
ftiU and valuable; Sir William is an accompHibed naturalist, 

So that any exploring work be may underlie is sure to be 
ol s^ienliAc value. He left Fort Morisby in May, accompanied 
by hU seerttary, and when the Expedition wav finally made 
Ihew were about forty natives. Only five, however, w'ent 
up to the top with Sir William, who spent three or fmir da}s 
eknwhihtg, the ridge. The summit Was ranched on June iL 
Tbe eUmate Sir William describes as foggy and. unpleasant up 
to |k]j 06 i^et ; but above that clear blue sky and beaurifut 
** pne of the finest in (he world.’* The party were ten 
dayAvOyer tb^ooo feet, attd never had a cloud above them. The 
aea doAat wml vtiibk on both side®, that on the north being the 
habst 4 ^taifti , But the country is much smootbef on that side, 
and iho auMt ^ the mountain from the noirjb apparantly unob- 
aiN^ea Fromthepoint ol Mount Victoria in the east 

W Moimf JMtf in th* West is a contmuous^ unbroken crest of 


companions, who ibought their mouths were burnt when they 
attempted to bite (hie, to them, novel product of Nature, l^rki 
were pfentff'ul, similar in flight and song to those of the old 
country. Specimens of the flora were naturally collected by an 
entbusiastk naturalist like Sir William, and amongst them also 
probably several novelties will be found. There are no (tees 
within icco feet of the top, which is bare rock or covered with 
grass. There are no snakes or other pests on the main range, 
but unfortunately game is very scarce also. The temperature 
ranged from freexmg^ point to 70'’ in the sun. The souihepn 
aspect of the ranM is drained exclusively by the Vanapa River, 
the head of whi^ was crossed at an elevation of 10,130 feet. 
No natives live on the mountains above 4000 feet, ahhough. 
they hunt as high as 9700 feet. All those met with at the bate 
were extremely friendly. Nothing, however, would induce any 
of them to accompany the party up the mountain. They grow* 
tobacco, peas, bean®, many kind® of potatces, yams, and 
bananaa, and of these they gave Sir William as much os be 
wanted. They are certainly Papuan. The party returned to 
Port Moresby on Tune 25. Sir Wdliatn was in }>erfect health tha^ 
whole tiiae^ though, as usual, the natives had their little complaints. 
Another account states that Sir William foniul the top of the 
crest ver)Mincven, consisting of immense masses of rock separated 
by deep chasms. The long tailed bird of paradise was shot at 
from 5COO to 9000 feet altitude. On the top of one of the 
mountains what is believed to be a new bird of paradise was 
obtained, golden yellow on the back, with a black velvet breast 
and belly. As to the botany, the variety was very small, but what 
there was was new. 

M. Vadrtntzeff’s Expedition returned to Kiakhlaon August 
16, after having reached the sources of the Orkhou River, and 
determined the position of Kara-kornm, It also discovered the 
ruins of two large cities (one of them having a circumference of 
thirteen miles), as well as of the i)alaccs of ihb Khans of 
Mongolia, and their cemeteries, where numcious statues and 
important inscriptions were found. 


THE BRITISH ASSOCIATION, 
REPORTS. 

RepoH {F.ightecfith') of the Committee appointed foi‘ the pwrfose 
of iftvesttgiUin^' the Fate of /nnease of Undeeg^ound Tern* 
peratnre dmvmtm ds in various Loealities of Dry Land and 
under Hater. P)\f, hvereif SeereUuy. 

Very important ob^iervati ms have been published {Neues 
Jahrbuch fUr Mineralogie<, &c., 1889, Bd. i) during the past 
year by Herr Dunker, whose observations in a very deep bore 
at SperenbcTg were cmliodied in our Report for 1876. The new 
observations were taken at Schladebach, near Durrenberg, in a 
bore of greater depth and smaller diameter than at Sperenberg, 
and with similar precautions against convection currents. The 
depth was 174S metres, the bore passing through new red sand- 
stone (Buntsand stein), magnesian limestone (/echstein), Lower 
Permian sandstone (Rothliegendcs), and coal-meai^ures (Stein- 
kohlengebirge). to the Upper Devonian beds (Olrerdevon), 

It was tubed to the depth of 1240 metres. For the fira^ 584 
metres the diameter was 120 millimetres ; for the next 104 m, it 
w'as 92 mm, j then for 393 m. it was 72 mm. ; and far the next 
159 m, Jt waft 50mm. From this point to the bottom the 
diameter gradually diminished to that of a man's little finger. 
The diamond borer was the instrument employed in sinking it. 

India-rubber bags, such as were used at Sperenberg for pre- 
venting convection currente, being detmed unsuitable Tor such a 
narrow bore, a plugging of moist clay was employed, constructed 
as follows t— , 

On a cyMndtical rod, which might be of tough wood for bores 
of moderatedepth, but Was of iron in the actual observaiioiw, 
are two aooden disks of such size that there is only just room for 
them to move in the bore. The lower disk is fixed, and the 


Upper movable on the rod, The part of the rod below the fixed 
disk has » length equal to that of the water column which ll is 
desited to isolate. The maximum thermometer with whi^ the 
temperatures are taken has iu bulb half-way down this portion 0# 


" nntl A W on the summit, Hb eyes Were gladdened and when th 4 bore is too narrow for this arrangement, the tber^ 
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a maasiired diaiatioe frotn tha fixed dne^ and the a|i«dc! 
iMwedn them is then filled with clay whidb has been made 
by kneading It with water, so that it fomts ac}dbider With 
the twoaidts. 

When the |mle presses on the bottom of the bore, part of the 
weight of the boring rods is supported on the upper disk, thus 
s^ueexiiig the clay against the sides of the bore and fomdng a 
water^ti^t plug* 

The &ove description appUes especially to the taking of ob- 
aervations at the bottom of the bore. When it was desired to 
isolate a column of water at a considerable distance from the 
bottom, the apparatus employed consisted of two portions. The 
above description applies to the upper portion, and the lower 
portion was similar to it but invert^, resting upon rods which 
extended to the bottom. The two masses of day in this case 
cut off a water^column between them. 

Experiments with a model, in which the bore was represented 
by a cylindrical glass vessel 26 cm. high and 55 mm. wide, filled 
with water, showed that the isolation was very good, and that it 
remained so though the immersion lasted more than ten hours. 
In tearing away tM clay from the vessel a portion of the clay 
fell into the water, but such on accident occurring in the bore 
would be of no consequence. 

The construction of the isolating apparatus was intrusted to 
Bore-Inspector Kbbrich, under whose management the observa- 
tions were to he carried out. 

Besides the thermometer in the isolated water^column, there 
was a second maximum (hermomeier in the open water just 
above the upper plug, for comparison, the height of its bulb 
above that of the principal thermometer being 2'8m. 

The thermometers were very similar to tnose employed at 
Sperenberg. They were overflow- thermometers, generally with- 
out scales, and .were inclosed (for protection against pressure) in 
a hermettcally sealed cose of stout glass with an external diameter 
of 15 mm. To take the reading, the thermometer, after being 
drawn up, was put with a normu thermometer into a vessel of 
svater at a temperature a little below that which was expected. 
Warm water was then gradually added, and the whole kept 
stirred till the mercury in the overflow -thermometer reached the 
open end. The tem{^rature at this moment was then read by 
the other thermometer. 

The first observations taken were in the untubed portion of 
(he bore, which at that time extended from the depth of 1240 m. 
to 1376 m. ; and as the bore was deepened to 1748 m. the ob- 
servations were continued. In this way the last sixteen observa- 
tions of Table I. were obtained, forming a series at intervals of 
30 m. from lafifim. to 1716 m. of depth. 

A pause which subsequently occurred in the sinking of the 
bore, through having io wait for a new tube, was util 7 sr.ed for 
taking the observatiOTS which form the remainder of the table. 
We have thus a complete series of observations, at equal intervals 
of 30 m,, from the depth of 6 m. to that of 1716 m, : 8'‘'3R. at 
fim., and 45'''3 R. at 1716 m. 

The talde is arranged in five columns. The first column con- 
tains (be natural numbers from one to fifty-eight, for convenience 
of reference t<i the observations at the fifry-eight different depths ; 
the aecc^d column contains the depths in metres ; and the third 
temperatures observed at these de{Hhs in bolated 
wateMiiBuinns. The fourth column contains the excesf of the 
tempemture so observed above the temperature observed by 
means of the secondary thermometer in the free water just 
^ above the plug. The fifth column conUins the dtSbrences 
between the successive numbers in the third column^io other 
words, the increase of temperature for each 30 m. of depth. 

The smallness of the effect of isolation, as shown in tne fbuith 
column of the table, is very noteworthy, its greatest value being 
I* R., and its average value about i of i* R. At Sperenberg it 
amounted in several cases to about f R. The smallness of the 
effect in the present case Is attributaUe to the narrowness df the 
bore, which tells in two ways ; there is more frictional resr^once 
to the movement of the water ; and the thermal capaci^ of a 
given length of column is less ip comparison with its surface of 
contact wrth the sides of tb^ bofe. 

As a further experiment on the prevention of convection, a 
wooden plug was driven into the bore at the depUi of 4^ m,, 
thick mud was introduced tfH it filled all the bore ab^e $h\M 
plug, and observations were taken with a maximum thermotoi^ 
10 the mud at depths from 4^6 m« to I2fi m. A second plug was 
then driven in at the top of the tubing, which was luo m, beneath 
the surface of the ground, and the ; obsei^wstions wese con^ued 


npwaeds from n^l m. to 6 m. The obsemrions dm* tiriun In 
the mtfd am given. They are tather higher than those pmvtouily 
obtained at the came depths* the greatest dififrrenoe oocatring at 
the depth of 276 m., where it amounts to Herr Danker 

suggests that the dSfierenoe may have arisen from insn^lclent 
time being allowed for the mud to take the permanent 
temperature. 

tfpon the whole it is clear that in this great bore the disturb- 
ing ^ect of convection is very smalt, and that, such as k k, 
it has been almost annihilated by the very effieient system of 
plugging adopted. The scries of observations now before us, 
extending as it does by regular stages from the stlrfiicfi to a 
depth of <630 feet, in a new bore where there has not been rime 
for the original heat to be lost by exposure, forms undoubtedly the 
most valuable contribution ever made to the observation of under- 
ground temperature. The official to whose initiative the obser- 
vations are due is Chief- Mining -Captain Huyssen, of Berlin. 
The expense of sinking the bore was j^io,ooo sterling, the time 
required for hauliog up the boring rods was ten boars, and their 
united weight was 20 tons. 

On plotting the tem{>eratures so as to exhibit temperature as 
a function of depth, the curve obtained approximates very closely 
to a straight line. A straight line joining ito two ends meets the 
curve several times in the part corresponding to the tubed por- 
tion of the bore, which is about three-fourths of the whole ; while 
in the remaining fourth (forming the deepest portion of the bore) 
all the temperatures except the first and last lie above the straight 
line. In this statement it is to be understood that depth is 
represented by distance laid off horizontally, and temperature by 
distance laid off vertically upwards. 

The question whether the curve on the whole bends upwards 
or downwards is of some interest, because it is equivalent to the 
question whether the rate of increase is accelerated or retarded 
as We go deeper. The evidence on this point is undecisive. The 
curve for the untuhed portion, from 1266 m. to 1716 m., lies 
slightly above Us chord ; but the curve from either 6 m. or 36 m. 
to t$oo m. lies for the most part beiow its chord. 

Taking the observation at 36 m. as the first which is free from 
atmospheric disturbance, and comparing it with the dee|:>eil ob- 
servation of all, which is at 1716 m,, we have an increase of 
36’**S R. in 1680 m. This is a difference of 82**1 F, in 5512 
feet, which is at the rate of x* F. in 67 ’i feet. 

Herr Bunker, after an elaborate discussion of the quesrion 
whether the curve on the whole bends upwards or downwards, 
arrives at the conclusion that it is best represented by a straight 
line. He applies the method of least squarcR to find the riope 
of this straight line, on the assumption that it passes accunatmy 
through the point determined by the observation at 36 m., and 
be thus obtains a mean rate of increase of 0*0224276 of a degree 
Reaumur per metre, which is equivalent to 1® F. for 05 'o 
feet. 

The Secretary has been in correspondence with Mr, Geprge 
Westinghouse, Jun., of Pittsburg, Preiident of the Philadelphia 
Company, with the vifrw of obtaining observations of tam]^ra- 
ture from some of the deep oil and gas wells belonging t6 tlM 
Company. Mr. Westingnoufie has purchased three of the Com- 
mittee’s maximum thermometers, and has intrusted the taking^ 
the observations to Mr. A. Cummins, the Company’s Mining En- 
gineer and Geologist. Some attempts have been made at 
observation, but owing to press of business they have not been 
thoroughly carried out Mr. Cummins states that ** there has 
been a constant strain to bring up (be supply of gas to riie 
requirement of the city’s needs, and every hour of delay is 
watched very jealous! v/’ 

The most succeufkl attempt was made in a well at Homdawood^ 
in the city of Pittsburg^ known as the Dilwprth well, v^nerb the 
following results were obtained 

papthin Ibet. Temperature f. Air at iurikei^ ^ i i 

• 3^00 ^ ... ... 70 , 

3710 ... ... ... 89 ... j 6 

30 ao ... 103 ... 80 

480* to8 «3 , 

4 «S «n M. ... 6 a 

4*95 ... »>4 ... ... 6a : • 

The wdl WM rank to * <)epto of 4635^ ftet, hut no otkwrakillMi* 
wetoimdeeKoapt to tiM Tke 'i h toW tow tor 

wfoatiMd only fratonwe to tm totaottoidwciltotockitot^ aMt a* 
theto were 01^ 4<»' of traier (bt.'.ike 

■ ■ ■■ 
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li^eei^ taken in air. The diameter of the wet! was 6 
failles. The rock was chiefly slate^ and was bored by 
The mean air temperature at Pittsburg is 52* F., 
the height above seaderel al^t 900 feet Comparison of 
the hmen turface-tempetature (taken as 52'’) with the tempera- 
ture tt4^ recorded at 4295 feet shows an increase of 62^ 
whidi is at the rate of r F. for 69*5 feet ; but comparisons of 
the Observations inier u would give a rate about twice as rapid 
ns this; hence no safe conclusion can be drawn, After the 
huny and worry of the gas business is over, Mr. Cummins hopes 
to get the temperature of some deep wells in a way that will be 
eatJafoctory. 

We tnay mention, as a contribution to the literature of under- 
ground temperature, the recent publication of results obtained 
at the Old Observatory, AUaha^d, with thermometers whose 
bulbs were at the depths 3 feet, 1 foot, and ^ inch respectively. 
Harmonic reduction has been applied to deduce both the annual 
tind the diurnal variation, and from the former a fairly consistent 
determination of “ dilfuslvity,** or quotient of concfuctivity by 
<Hipacity, has been obtained. Its value, 0 *0054 C.G.S., is smaller 
than any values that have been found elsewhere. The soil is a 
sandy loam, which in dry weather becomes almost as hard as brick. 
The observations extend over six years, and similar observations 
are now being carried on at the New Observatory. The gentleman 
who is responsible for the reductions and the description of the 
observations is Mr. S. A. Hill, B.Sc,, Meteorological Reporter to 
the Government for the North-West Provinces. 


Htpart of the Committee tippointed for the purpose of investi- 
gating the Best Methods of ascertaining and measuring Variations 
in the Value of the Monetary Standard* Pi‘of Edgeworthy 
Secretary. 

This consists of a Supplementary Memorandum by the Secretary, 
designed as a supplement to the Memorandum appended to the 
First Report of the Committee. The object of that Memorandum 
was to dJitingnish the different deflnittons which the proposed 
problem might present ; and to construct the formula appropriate 
to each phase of the investigation. The analysis of contents is 
as follows \ — (i) Prof, Newcomb’s method ; (2) ProC Foxwcll’s 
methcd ; (3) Mr. Giffen's methods ; {4) Mr. Bourne’s method ; 
(5) Sir Rawson Rawson’s method ; (6) Prof. Edgeworth’s 
method ; {7) Ricardo's method. 

The conclusion of the Memorandum runs os follows : — 

It may be nseful to enumerate and summarily characterise the 
principal definitions of the problem, or ** standards,” ^ which 
have been discussed in thU and the preceding Memorandum. An 
alpha.betical order will be adopted, the order of merit being not 
only invidious, but also impossible in so far as different methods 
are the best for different purposes. 

1, y)xt capital standard takes for the measure of appreciation 
or depreciation the change in the monetary value of a certain set 
of articles. This set of articles consists of all purchasable 
things in existence in the community, either at the earlier epoch 
or at the later epoch, or some mean between those sets. This 
st^dard is due to Prof. Nicholson. It is stated by him (in 
tenns a little less genera! than tho« here adopted) in his book 
*on "Money.” It is diseuased in the sixth and the tenth sections 
of the former Memorandum. 

3 . The comuMptioH standard takes for the measure of ap- 
preoiation or depreciation the change in the monetary value on 
a certain wt of art teles. This set of articles consists of all the 
•cominhdittes consumed yearly by the community either at the 
oarlier or the later epoch, or some mean between those two sets. 
This standard has been reconimended by many eminent writers, 
inparticalar by Prof Marshall In the Contemporary Eezdettf of 
' 1M7. It Is proposed by the Committee as the principal 
ebuidatd. It k discussed in the second section of the former 

i > The ettfreneystafidard takes as the measure of appreciation 
4K deiMteciatioti the change in the monetaty value which changes 
hhttde ip a certain set of sates. These sales comprise all the 
;4mliuhbdltfM bonght and sold yearly at the earlier epoch or at 
, the^kter epoch* or Boipe mean Mtween those quantities. This 
' )^^dafd imjpeam to be hnpUett In much that has been written 
W sttlMect* Itittt to have been most clearly stated by Prof, 
It is discussed in the second section of this 

... OSlmihtieo Vkh tha nataw ef Mr. OiSTee, Mr. 
(Wmn aw mdwr ^elutioaa tbsa statemenu of ths 



4. The income standard takes as the measnre of the apprecia- 
tion or depreciation the change in the monelaty value of the 
averse consumption, or in the income per head, of the com- 
munity. This standard is proposed in the fourth and filfth 
sections of the former Memorandum. 

5. The indefinite standard takes as the measure of appreciation 
or depreciation a simple unweighted average of the ratios fbnned 
by dividing the price of each commodity at the later period by 
the price of the same commodity at the earlier period. The 
average employed may be the arithmetic mean used by Soetbeer 
and many others, or the geometric mean used by Jevons, or the 
median recommended by Prof. Edgeworth. This standard is 
recommended by the practice of Jevons^ and the theory of 
Cournot, It is discussed in the eighth and ninth sections of 
the former Memorandum, and the fifth section of the present 
one. 

6. The production standard is a designation which may be 
applied to a method which is related to the currency standard 
very nearly as the income standard is related to that based on 
consumption. The production standard takes as the measure of 
appreciation or depreciation the change in the monetary value 
per head of the total amount of things produced in the com- 
munity yearly. This standard is proposed by Prof. Simon 
Newcomb in his Political Economy." It is discussed in the 
first section of this Memorandum. 

7. The voages (and interest ?) stamiard takes as the measure of 
appreciation or depreciation the change in the pecuniary re- 
muneration of a certain set of services — namely, all (or the 
principal) which are rendered in the course of production, 
throughout the community, during a year, cither at the initial or 
the final epoch ; or some expression intermediate between the 
two specified. The theoretical basis and practical construction 
of such a standard are indicated in Ricardo's “Principles of 
Political Economy” tch. xx. and elsewhere), in Prof. Marshall's 
evidence before the Gold and Silver Commi'wion (“ Parliament- 
ary Papers,” 1888, C.), and m the papers contributed by Mr. 
Giflen to the second volume of the Bulletin of the International 
Statistical Institute. The standard is discussed in the last 
section of this Memorandum. 

Keport {Second) of the Committee appointed for the purpose oj 
reporting on the present state oJ our knowledge of the Zoology and 
Botany of the ^ed India Islands ^ and taking stefii to investigate 
ascertained deficiencies in the Fauna and flora, Mr, D. Morris, 
Secretary. 

This Committee was first appointed in 1887. and re-appointed 
in 1888. At a meeting held on December 5, 1S88, it was decided 
to in rite the co-operation of Dr. Giinther, F.R.S., a member of 
the Bub-commiltee appointed fora similar purpose by the Govern- 
ment Grant Committee of the Royal Society, and Colonel 

* Most of Jevons’ s celebrated calculations (“Currency and Finance,” U., 
iii., and iv.^ and in particular his calculation of the probable error incident 
to nis result (fiitV/ p. r 5 7), involve this concept ion. 

“ Cournot nart considered our problem m each of the five volumes in which 
he bus treated of, or touched on, ^litical economy ( Dictionary of Political 
Economy,'* Art. “ Cournot"). U w lufficient hero to refer to the first and the 
last of those works, the ** Recberches '* of 1838 and the “Revue Sotumaire*' 
of 1876— the Alpha and almost the Omega ol economic wisdom., r',_rom these 
it is clear that variation in the “ absolute " or '* intrinsic *’ Ywye of money, 
in Cournot’s view, corresponds to the “indefinite standard ” 41I ^Haed in 
Section viii. of the predecessor to this Me uorandum. Cotimot iHtistndBs 
the variation due to a change on the part of money, by that change in the 
position of the earth with respect to tfio stars, which is due to the mot bn of 
the earth. In this analogy the stars are treated as ** points ” (“ Rochcrches," 
Art. <)). No account Is taken of their mass. The context shows 
Cournot contemplates a simple average of distances between the earth and 
each star ; not a weighted average, pr the distaaco between the earth and 
the centre 0/ gravity at the stare. In hi* biter work* ho expressly declam 
against, or at least thinks unbefitting highest place, tlie measure of w^t he 
calls the “power of money **(“ Revue Somtnaire," Sect. 3), that Is, in our 
tefau. the consumption standard : the analogy of which i* the diotanoe of 
the eardi from the centre of gravity of the stars, or rather of certain select 
stars'^say those which are neareat to our human sphere. The currency 
standard, of which the analogy u the distance of the earth from the centre 
if gravity of all stars Whatever, does not seem to have been entwtaiitOd by 
Oournot. 

Cournot alluding to jevons's treatment of the ptubletn Jn “ Money,’* not 
unjnttly takes him to task for not having distin^ished “ awe* netieiwt ’ 
variatUms to tit* ** intrinsic value of money" (of which the measure is our 
Indefini^ standard) from variation* in the "power of money ’’ (of whiritflie 
measure isowrcotwnmptionswndardX*' Kevue Summaire p. tat). Referring 
to jevtms’s proposal to construct a tahntar standard cf wa/vr, Cournot ex- 
presses his approbation in words which may fittingly conclude the present 
study :'-‘“Ce^oiit Ik des tddss qu’U faut taisser mdnr. Qoand le moment 
sera venu de construine egecttveotem fHatan montiaire, les gdomktrM 
ponrrout y trouver uue aaplbatimi Intdresfiance de bur tJuorie ^ 
ru*»yra«^telles qvi’Us font dOh construifce tiour les besoms de rastronomie 
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df the Army Pay Oepartm^^nt, at that tlin« acting as 
Ltxcti gffcretaty to the Committee at Harhados. 

The services of Mr. G. A* Kamage were retained as coilector 
at Dgmioica and St. Lucia, and several collections were received 
from him during the past year. Owing to ill-health Mr, Komage 
{returned to this country in June last, and he has novr retired 
Iroiti the post of collector to the Committee. Mr. F. Bu Cane 
Godman nas generously assisted the work of the Committee hy 
sending out* at his own expense, the welMcoown naturalist and 
oolkfctor, Mr. H. H. Simtb, to the Island of St. Vincent, to 
make collections in as many branches a& possible of natural 
hiatoty. These collections have not yet reached this cotwtry, 
but it is anticipated that they wifi prove of considerable value. 

Colonel Feilden obtained numerous botanical and zoological 
specimens in Barbados and the neigbboutitvg islands. He has 
published a patter on the reptiles, and another on birds ; papers 
on the Mammana and land Molluscs will follow. He also ootained 
a living specimen of the green monkey of Western Africa, which 
has become feral in Barbados {Ctrrofithecus iallitruhus). This 
was presented by the Committee to the Zoological Society 
London. 

Br, H. A. Alford Nicholls, Local Secretary to the Com^ 
mittee at Dominica, has rendered valuable assistance, and 
he win be engaged for six weeks this autumn in eaptorinjg; 
Montserrat and the isolated rock called Kedonda, wnich is 
a dependency of Antigua. 

The particulars of the collections received during the past year 
are as follows : — 

— The zoological specimens obtained by the Committee 
up to tune 18S9, irtcTuding those collected hy Mr. Bamage in 
Dominica and St. Lucia, have been placed in the hanns of 
specialists for examination and determination. Mr. Oldheld 
Thomas has determined the Mammalia, Br. ScUter the birds ; 
'I'll, Giinther has published a paper on the reptiles, Mr. E. A. 
Smith three jiapers on the Mollusca, Mr. R. I. Pooock two 
on the Myriopoda and Crustacea, and Mr. Kirby one on the 
Fhaamidee. 

Botetny . — The botanical ^cimens collected by Mr. Ratnage 
in Dominica and St. Lucia, up to May 1S89, have l>een deter- 
mined at Kew ; the flowering plants by Mr. R, A. Kolfe, the 
ferns by Mr. J. G, Baker, and the cellular cryptogams by Dr, 
Cooke and Mr. C. H. Wright. 

From Dominica about 394 species were received, of which 
(excluding the cryptogams) alwut 40 could only be provisionally 
determined ; and of these a few, perhaps about half, are probably 
undescribed. The great majority belong to already well-known 
apedes, most of which were previously known from the island. 

From St. Lucia about 189 species have been scat, of which 
(excluding the cryptogam^, as before) over 30 were not deter- 
mined, and possibly about ‘half of these may prove to be unde- 
scribed. This island was less completely known than Dominica, 
'and several additions to our Knowledge of its flora have been 
made by Mr. Ramage. During the working up of the collections 
a sttOng affinity with Dominica, and perhaps still more so with 
Martinique, has become apparent. From the latter island large 
collections are well represented at Kew, though the materkus 
have never been thoroughly worked op. 

Tht Bpedmens which it was not found possible to determine 
bdemg for the most part to large genera of woody plants as 
CuUifm, lieguminosaj, Myrtaceie, Myrslnete, Laurlneoc, and a 
few others, which rt rulers it the more probable that a fair propor- 
tion of them may prove undei^crihedi 
*l'he numbor of novelties is perhaps not so great as was 
originally expected, and this may arise either from the grotmd 
having been worked over l>efoTe, or, what is perhaps more 
probable, from the fact that a considerable uniformity prevail^ 
m the flora of this chain of islands, with a corresponding paucity 
in endemic types. 

The Committee would draw particular attention to the 
botanical and aoologioal bibliography of the Lesser Antilles pru- 
rared under its direction, and published as an appendix to the 
Report for 1888. This bibliogtaphy hw been wldMy distribirted 
in the West indies and in Europe, and has proved of consMW^ 
able f>ervice in carrying out the objects for which the Conmitthe 
was appointed. 

AV/iW-r {MfiA) /Ae fvr /Ae d 

the beit mcam of i»nd BtohtdngMmmi 

Obsm^ntien^. Brof C^yUs AVvrr/my'.--The Com- 
mittee report the estabUshzbent of regular magnetic obseevalorles^ 


where continuous photographic records of the magnetio elantwiits 
are taken, at the Unitetf Slates l^aval Observatory at \Vaaili|gt 
ton, and also at Los Angelos In CaUfomim The Irntm^ei^ 
used are of the Kew patlerii^ with the same riwe<'Sffi«de, akd^ Um 
scale- coefficients for horieom^ and vertlcai force instiutneiida^al' 
Washington are very nearly those recommended by the; 
mittee in their Third Report <1887), and which are m very hear 
agreement with those at Vienne, Su Betersbarg, and Mune other 
obsemlories. The Committee report, funhvr, that the piatk 
woposed by them in their 'Ihird Report for the Compatfoan apdr 
Redaction of Magnetic Observations, has hcfen adopted at' the 
United States Naval Observatory at Washington, which U wow 
prepared to take jnrt in t^e gencia] scltcme of oo-operatibw 
preposed by the Committee. Copies of the pbotograpHic re* 
gisters of the three elements for April 21-30, May 1-31, and (br 
June 1-30 have been forwarded to the Committee from Wasbmg- 
tqn, with tables of scale and temperature coefficients. There 
are also forwarded two prints sbowing the reduction of the 
deciiimtion for the year 1^, by meatis of a graphic oompastto 
curve, made by tracing over one another with a pantograph the 
daily curves of the month, and then drawing a curve 
them to show the monthly means. 71 iere are also forward^ 
from Washington a set of prints showing the com^jarison of the 
disturbances of declination and horizontal force at Washingtoiv 
for ninety-nine days of 18S8, ami another set of prints showing 
the comparison of^disiurbanccs of decimation on certain selected 
da) 8 at Washington, Los Angelos, and Toronto, all reduced to 
the same time-scale of 30*6 mm. for two hours, 1,0. the time- 
scale of instruments of the Kew pattern. The Committee are 
more than ever of the opinion expressed in their Third Report, 

that the establishment of regular magnetic observatorie.sat the 
Cape of Good Hope and in South Amtrica wi uld materially 
contribute to our knowledge of terrestrial magnetism/' Ttie 
Committee consider that it would be desirable to {TubUsh 
annually in a collected form for certain selected days the curves 
of the three magnetic elements, *.r. declination, horizoatal 
force, and vertical force, taken at the different English and 
Cokmtal Magnetic Observatories, choosiug for selection in 188S' 
the days f<«- which the curves ere publlsheti in the Greenwich 
OhservatioDs/* 

Be^ort {Fourth) of the Commiitet af pointed for thepu^yost 
of promoting 7 \dal Uhsert^atiom in Canada. Ptof A, fohnum^ 
Seorttary, — The Committee refer to a previous Report, in which 
it was announced that tjie then Minister of Marine (the Hon. G. 
Foster) had directed that some preliminary investigations should 
be made by Lieut. Gordon, R.N., who was to put himself ia 
communication with Prof. l^)arwln. The Minister, however, 
said that the existing expenditure on hydrt^^phic surveys made 
it necessary to postpone for the time the conaidcraiion of further 
steps concerning tidal observations. The Committee was re- 
^pointed last year to keep the subject before the notice of the 
Government, in the hope that this systematic tidal work wnitld 
be bMun this year. In May last an interview was obtained with* 
the lion. C. Tuppor, the present Minister of Marine, at which 
Sir Wm Dawson was present. The Minister express^ hrmsdf 
as entirely favourable to the institution of the proposed tldkl 
observations, but said, that the flnandal position as reB^rda 
the expenditure on hydrograpMc surveys was the same as last 
year, and that therefore no further steps could be taken as yet in 
the matter. It is believed that since the interview some of the 
expenditure in hydi-qgraphio surveys has ceased, and as there la 
reason to believe that other Cabinet Ministers are in favour of 
the proposed measure, the Committee deem the proapecta of 
c»rtyfng it into execution very satisfactory. There is no dbubt 
about the anxiety of shipmasters to have the tidal inveatigdttbna 
set on fool immediately, and the Royal Society of Canada dee?» 
the matter of such great practieal importance, that at thehriaiil 
meeting they appomted a speoial Committee to give dmrgetfo 
support to the action of this Committee* 

Bpport 0/ th^ Cffmmiitto igppmntbd far $ho purftnotf 
ing tho Jmpuirits to the in 

SehoAs, Prof, Sttrettirye^^\% year haa hew 
one of commued depresrion in rAo^d fo in® tear^h^ ^ 
adenoe in elementary schools, and of diMppobltment 
to legislative action. The return of the Education BepSri^ > 
meal for this year shows again a dhninution in th« 
of the science sUbjeetsa fne stalknfos of the Ohas snktj^ 
for six years are given, and show ad actual decrome/^^ ^ , 
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■ And a eottiparaUve ddecrease in geography. 

of echolars iodiyidualty eaanvtnod in the scientioc 
subbjeetft aho«rs an actual or relative faUinf off in every 
)||#|^ except meehauici and chemistry. The rapid and aerioas 
d^raAM of attention paid to these science subjects is shown by 
percentage of children who have taken them* as cotnpared 
with ^number of scholars that might have taken these subjects, 
idSa’83, 39 0 per cent.; in 1883-84, 26*0 per cent.; 
in ilJi$4r^5i AZ’6 per cent; in 1885-86, 19*9 per cent. ; in 1886- 
37, iB't percent.; in 1887-8^, 16*9 per cent; and It must be 
remembered that children who have taken two of these suWeets 
couM twice over. The Government laid 'upon the table of the 
HotMe anew Code, which would have had a slightly beoeftcial 
eflfeet upon the teaching of science ; but it has l)een entirely 
withdrawn. The Government has introduced no Technical 
Instruction Bill this year^-oKcept just at the last moment— *and 
that does not apply to **schoUrs receiving instruction in an 
elementary school in the obligatory or standard subjects prescribed 
by the minutes of the Education Department.” It was hurried 
throiu^ the Committee and hnal stages during the last week of the 
semion. Sir Henry K. Koscoe, however, reintroduced his Bill 
with some moditications, ana it passed the second reading at a 
comparatively early period of the session ; but the Government 
would only give facilities for its progress through the House on 
^e understanding that very serious changes were to be made 
in it. As he could not accept these, it has not passed the 
Committee stage ; and it was ultimately withdrawn. Mr. 
Hamuet Smith has again brought in a Continuation Schools 
B^l i but there has l^en no opportunity of discussing it since 
the hrst reading, and it was therefore withdrawn. The subject 
has, however, grown in ihc estimation of the public ; and the 
whole question of the teaching of science in State-aided schools 
requires to be pressed more and more upon the Legislature. 

Rsport of the ComntUUt on JRUctrUal Standards. JR. T. 
F Secretary. (Slightly abridged.) 

The Committee report that the work of testing resistance coils 
has been continued at the Cavendish Laboratory, A table of 
ithe values found for the various coils is given. Further steps 
have been taken toward*! the construction of an air condenser. 
As stated in the lost Report, Dr. Alexander Muirhead kindly 
|>laced at the disposal of the Committee, for the purpose of e** 
perltnent, three such condensers which he had constructed. A 
series of teats of these condensers was carried out by the SecrC' 
tary and laid before a mectiitg of the Committee in London on 
Ajpril 15, It M'as then decided to adopt Dr. Muirhead’s form of 
eobdefiAer for the new instruments of the Committee, nod two 
inattrumcnts, each having a capacity of 0 01 microfarad, have 
been order^ from the Cambridge Scientific Instrument Com- 
pany. They arc not yet fmisUetl ; a detailed description of their 
design is therefore len to the next Report. 

A second subject of investigation has been the specific resist- 
ance of copper, poring the year Mr. T. C Fitepatrick has 
made a Ur^e series of experients to determine this, and the Com- 
mittee deaire to thank cordially those manufecturers aa i others 
who iMve given their assistance in this research. Before pub- 
UsMng leAults, Mr. Fitzpatrick is desirous of experimei^ing 
on some oop^r which is being prepared for him by chemical 
foeens-'^all wnich has been used hitherto has been electrically 
and af attempting still further to purify some of the 
copper already in his possessioa. Two msinbers of the Com- 
muteet Sir W. Thomson and Mr. Preece, were present at the 
repeat Electrical Congress in Paris. As an English equivalent 
of the iwaoltttkms there pasted, the Committee have adopted the 
fCi(t!9i|W)ig tesQkttiahSf Which they hope will meet with general 
anoctjptattbe -i'-— ' 

m Thflmame of the practical unit of work shall be the joule. 

The ioiide Is equivalent to ic/ units of work. It is the 

e^lpended 4 nring 1 neoond a currant of 1 ampere 
wbenwaversing a sieustance of 1 ohm. 

TiN the practical unit of power shall be the watt.' 

is the rate of working *pf a machine performing 
I joule pet second. The power of a machine could naturally be 

S in kilowatts kstaad of in home-power. 

t fMnite of ikt fwaotieal nnU of light inteniky i^atl be 

ii ‘ , 

nd])e eqnal to the IwentMi part of the absolute 
rf light as deBned hy the XhtematiotMd ^SonferUnce of 

-X'QpPjll|Li 

^ the pracHeal untt of ladudtion ihaU be the 

i ^uadrs^t iseqm to lO* em. 


(5) The period ” of an olternatiug current is the duration of 
a complete oscillation. 

(6) The “frequency ” of an aUernating current is the number 
of complete oscillations per second. 

(7) The ** mean current ” through a circuit is the time average 
of the current, and is defined by 

'i . 

mean current = ^ / uu, 

TJ () 

i being the current at each instant of the time T. 

(8) The effective current is the square root of the time average 
of the square of the current. Thus 

effective current == ! ' 

{9) The effective electromotive force ia the aquarc root of the 
time average of the square of the electromotive force. Thus 

effective electromotive force 5= ^ | j c^dt | * 

e being the actual electromotive force at each instant of the time T. 

(10) The impedance is the factor by which the effective cur- 
rent must be multiplied to give the effective electromotive force. 
Thus, in the case of a circuit of resistance R ohm'i, and self- 
induction L quadrants in which a simple harmonic electromotive 

force of frequency ^ jg acting, impedance = ;v^R' -f L-'^?'. 

(11) In an accumulator the positive pole is that which is con- 
nected with the jjositive pole of the machine when chirging,and 
from which the current passes into the external circuit when 
discharging. 

The Committee are of opinion that they shoal 1 be reappointed 
with the addition of the name of Prof. J. Viriamu Jones. 

Report on the Pnseni State of onr KnowUdgo in Electrolysis, and 
FUctrO'Ckmidry. By Afr. IV. N, Shaxtf. 

The foil )Wing is an abstract 

I. (ieneraJ electrolytic phenomena. 

For a typical specimen wc cannot suppose an electrolytic 
liquid otherwise thana raixtureofsolutioosof chemical campouod-'# 
though the amount of all but oue constituent of the mixture 
may bs so small as to be regarded msrely as impurities which it 
would not even be possible to detect by ordinary chemical 
means ; thus von Helmholtz said in his Faraday lecture he has 
detected the polarization corresponding to the decamp jsition of 
a quantity of water of the order i x 10^*1 gramme, and Gore 
(Proc. R >y- Soc., June 14, r8S8) has shown the effect of chlorine 
upon the E.M.K. of a zinc platinum voltaic couple in distilled 
water is »uch that the presence of one part of chlorine in 
1030 million parts of wa‘cr could be detected thereby. Pure 
wuer, since Kohlrausch’s experimsnts, is now lo3ked upon as 
probably not conducting at nil. Ratio of conductivity to that of 
mwxjury 35071 x lo^to nt 2 t ''*5 C., and iu sensitiveness to 
small quantities of impurity approximated lo that of the sense 
of smell, since, when exposed in a ro.)m containing tobAJ^:o 
smoke, Us conductivity doubled in three hours. 

II. Laws and principles generally accepted. 

(a) The electro-magnetic action of the current passing through 
an electrolyte is the same as if the electrolyte were replaced by 
a metallic canductor of the same size and shape and of su;h 
rodstance that it could be substituted for the electrolyte without 
altering the current in the rest of the circuit. 

(^) There are electrolyte 4 in which ihecon luction of elect rkitji 
from the electrode to the electrolyte, and again from the electro- 
lyte lo the electrode is entirely “ convective ” in the sense that 
no eleotricHy can pass into an electrolyte or out of it again 
without Causing a deposit of a certain number of constituew 
ions at the anoiie and the opposite ions at the kathode, i,e. Ui 
certain electrolytes no conduction takes place without chemical 
decomposition. This holds for a large number of electrolytes, 
ppiaibly fbralt. It is not yet substaniiated that it is true for nU 
electrolytes, but the evidence is cjntmwally accuoiulating in that 
directinn. 

(<) The conduction of electric currents through clectVolytw 
follows Ohen^s law, Reference is made 10 C irystal’s expeti- 
raettts on metallic conduction, ani Fitzgerald and Trouton’s on 
electrolytic condectiem. > ^ ^ ^ r 

One point is themepsrinentai evidence for the dsduebon from 
Maiweirs theory of light, that electrolytes beinj transparent 
should behave as dielectrics fbr rapidly alternating eleotromottve 
forces. There aw two ways of approaching the q sestion— 
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(l) To find the length of light wave for wbidt electrolytes are 
opaqne 

{$) To find the rapidity of electrical vlbraUon for which the 
electrolytes cease to conduct 

With reference to (a), Prof. JJ J. Thomson says electrolytes still 
conduct when the rapidity of alternation is 300 millions per 
second. 

{d) The only immediate effect of the passage of the current 
upon the body of a homogeneous electrolyte is to alter the tern- 
peraturC) ana the alteration of temperature takes place in 
accordance with Joule's law. 

Full refeienoes to the literature of the subject are given in the 
Report. 

of the Committee pointed to make a digest of the 
Observations on Migration of Birds at Lighikottses and Light* 
vessels v>h\ch have been carried on during the fast nine years by 
the Migrations Committee of the British Assoctation, Mr^ fohn 
Cordeatix^ Secretary, — The Committee have to report that one 
of thfir number, Mr. W. Eagle Clarke, of the Museum of 
Sdelhce and Art at Edinburgh, has, with the approlmtion of the 
Cdtttmittee, undertaken to prei>are the digest of the observa- 
dofis ; and all the materials for making the same, including 1500 
skeleton maps of the British Islands, provided for the purpose, 
have accordingly been placed in his bands. The labour of 
reducing the observations, to show in a concise form and on 
strictly scientific lines the results of the investigation which was 
carried on from 1879 io ^^^7 inclusive, will be easily understood 
to be enormous ; and when it is borne in mind that this heavy 
work can only be carried on after ofitcial hours, your Committee f 
feel that no apology is necessary for the non-completion of the 
digest this year. 

Re fort of thf Committee appointed to arrange an Investigation 
of the Schsonnl Variations of Temperature in Lakes^ Rivers^ 
and Rsiuaries in various parts oj the United Kingdom in 
CO' operation udth the Local Societies represented on the Association, 
hr. H. R. idylls ^ SeereiOmy.^Xx is inadvisable to attempt at j 
present to sufi^tnarize the results of observations made, as | 
although more than a year's observations are available on some i 
it is only a few months since the work has been begun j 
At the end of another year it is expected that 
adfficient data will be found to justify a comprehensive repoi 1 on i 
the subject. Several members of the Committee have taken | 
much trouble in collecting observations. Dr. Sorby has been j 
good enough to collect and discuss a great mass of temperature 
observations which he had made from his yacht Glimpse^ in the 
estuaries of the south-east of England during the summei- 
months of five successive years. This will be published separ- 
ately, Prof, FitzgefaW took charge of the observations in 

Ireland, where he mdueed a number of o 1 >servers to take up the 
work. MP. Willis Bund had already inaugurated similar 

researches on the Severn. Rev, C. J, Stewartl and Mr. Isaac 
Roberts rendered important services in their districts. A 
circular was sent to all the Corresponding Societies in connec- 
tion with the Association, requesting their co-operation, and 
favourable replies were received from several, intimating that 
observations had been commenced. The instructions issued to 
observers are given as an appendix to the present Report. 

Report of the Committee on Solar Radiation.*^'\'htt actlno- 
meter devised l>y the late Prof. Balfour Stewart, for the continu- 
oos measurement of solar radiation which was descrilied in the 
R.cp(>rt of the Association for 18H7, is now ready for preliminary 
trials, the internal thermometer with a fiat bulb of ^een glaas 
having been made since the date of that Report. The construc- 
tion of ibis thermometer occasioned a good deal more trouble 
than had been anticipated. No attempt has at present been 
made to render the instrument self-recording, as it would 
obviously be unwise to incur the outlay which any construction 
for this purpose would involve, until the result of prelimjoary 
tria's was such as to encourage jx hope that the instrument might 
really be useful if rendered selfirecprding. 

Report of the Committee ap*poindod for the purpose of taking 


lister, who reached Tonga on March lO. After devotii^'ilii^v^ 
months to the mveatigotion of the natural history of that gro^, : 
Mr. Lister joined H4M.S. Kgeria^ on her arrival at Tonga^ 
the intention of visiting Samoa, where, by the latest neccmnit|h 
he was carrying on his researches. 


THE A'MERICAH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

'T'HE thirty-eighth annual meeting of this body was held in the 
^ fourth week of August at Toronto, Canada. This is, the 
third time in the hlstoiy of its existence that the meeting-pUee 
selected has been on British territory — the first and second Mng 
at Montreal in the years 1S57 and 1882. 

The arrangements for the entertainment of the visitors were 
nil of that free, open-handed, generous character peculiar to 
New-World hospitality. A large and representative Local 
Committee was appointed, and through their instrumentality 
many facilities for comfort and pleasure were obtained ; su^, 
for example, as reduced railway fares, the withdrawal of all 
Customs duties on instruments, specimens, ^c., for use at the 
meetings, a daily luncheon given gratis at the place of meeting, 
excursions at reduced rates to Niagara, to the Muskoka Lakes, 
to the Huronian district, and even across the continent to the 
Pacific coast. There were also the usual number, or perhaps 
even more than the usual number, of garden parties, evening 
entertainments, and small excursions to outlying localities of 
geological, entomological, or botanical interest. Two public 
lectures were also given, the subject of the first being the evolu- 
tion of music, of the second, the geological history of Niagara. 


Among those present who took an active part in the proceed- 
! ings were Prof. James D, Dana ; Sir Daniel Wilson, the Presi- 
I dent of University College, in the Convocation Hall and Lecture 
I Rooms of which the majority of the Sections met ; Sir William 
Dawson, of Montreal ; Dr. Charles C. Abbott ; Prof. N. H. 
Winchell, of Minneapolis ; Major J. W. Powell, of Washing' 
ton, the retiring President ; T. C, Mendenhall, of Washington, 
the President for this year ; Mei^srs. Carpmael, Ramsay, 
Wright, and London, of University College ; Profs. Hall and 
Newberry, who, with Prof. Dana, were the first three Presi- 
dents of the Association ; Mr. Macoun ; Dr. T. Stenry Hunt ; 
Prof. Alexander Winchell, author of '‘World Life”; Prof. 
Heilprin, author of “The Geographical and Geological Distri- 
bution of Animals,” &e. ; Messrs. Minot, Morse, Newton, and 
many others of note. Nor roust be omitted the names of Mr. 
F. W. Putnam, the permanent Secretary ; and the following^ 
Vice-Presidents of the Association : R. S, Woodward, H. S. 
Carhart, W. L. Dudley, J. E. Denton, C. A. White, G. L, 
Goodale, Colonel G. Mallery, and C. S. Hill, 

Many sincerely regretted the absence of the learned and genial 
Professor K. J. Chapman, of University College. 

Not much time was wasted at the first meeting In the Inevit^ 
able speeches and addresses of welcome, and within a couple of 
hours of the time when the general session was called to order 
by the venerable Professor Dana, on Wednesdaiy 
August a8, the various Sections met to organize, preparatory for 
the delivering in the afternoon of the Vice-Preaidenti^ ^Mresies- 
— the Vice-Presidents of the Association being chosen from, and 
acting as Presidents of, the several Sections. 

The majority of these addresses were of a general or historical 
character. Mr. Carhart, in the Seetkm of Physics, reviewed the 


hysicS, reviewed the 


theories of electrical action ; Mr. Goodale, in the Bioloffieal^ 
Section, spoke of protoplasm ; in the Department of Aow^ 
pology, Colonel Mallery dealt with the somewhat ettriouS alkd 
little ncard of, though not novel, theory of the Hebrew trrigih 
of the Indians of North America, discossirg the atgtfments |ti 
behalf of that theory, especially the very pioblemalical - 

that the plane of dvUlzation and thought of the IndtatW/^ 
to-day was parallel to that of the Israelites of the Old Testattieiit. 


See/ion of Anthrofoh^f , , 

A very large number of the papers read in jhe SecHpia.ef, 
athropmogy quite ndturally furred to the Indians of ilie < 
merlcan centumpL The ioUowhsg Is a list of the weiilrtr; 


ceived information which puts a ^ition to give any 

detailed jwport of the work whi^! » being done in conoe^n 
with the above subject. The grant has bm paid to. Mr. J. J. 


American enntumpL The foUowksg Is a list of the 
importertt, of these i— ^ 

The tiuroii-lroquois, liy Sir .V? 

Eyidenees of the Saooemars of In fim IMa^ 

wars 'River VOHey, Cbariei a Abbott 
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.'Winnipeg Mound Region, by Dr. George Bryce, of the 

ungtifstjc Family in CaHfomiai by H. Henubavr. 

Oabdoga ahamamc Maakn, by De Cost Smith (Ooodoga ia a 
eoshity in the State of New Yorlc). 

The Phonetic Alphabet of the Winnebago Indians, by Miss 
Alice C. Fletcher. 

OTie Medawiwin or Grand Medicine Society of the Oiibway, 
by W* J, Holman. 

Notes on Aboriginal Fire Making, by Walter Hough. 

Aboriginal Mounds of North Dakota, by Henry Montgomery. 

The Iroquois While Dog Feast, by Rev. W. M. Beauchamp. 

Algonkin Onomatology, by A. F. Chamberlain, of University 
Collegei Toronto. 

Government of the Six Nations, by O-ji-ja-lck-ba 

Resnlts of Explorations about the Serpent Mound of Adams 
Co.j Ohio, for which a grant was made by the Association, by 
F. W. Putman. 

Aboriginal Monuments of North Dakota, by Henry Mont> 
gomery. 

Steatite Ornaments from the Susquehanna River, by Atreus 
Wanner, 

Notes on the Eskimo of Cape Prince of Wales, Hudson’s 
Strait, by F. F. Payne, of the Observatory, Toronto, 

The following is a brief abstract of Sir Daniel Wilson’s 
interestirg paper on the lluron-Iroquois-»a branch of a subject 
in which the writer has for many years conducted important 
and succrssful researches ; — 

TAe Hun)n-lr0qiici$ of EasUrn Canada . — On the occasion 
of the first meeting of the American AKsociation for the Ad- 
vancement of Science in the piovince of Ontario, it was perhaps 
a matter of interest to the members of the Anthropological 
Section to have some special notice of the aborigines of this 
region to the north of the great lakes. Sir David Wilson 
accordingly noted that the Indians found in this province on its 
first occupation by English settlers, as well as those now settled 
on their reserves in Ontario, are nearly all later intruders than 
the Anglo-Canadian occupants of the soil. On the Grand River 
the Six Nation Indians have now been settled for upwards of a 
century, and have made great progress in civilization. They 
include the Mohawks, Oneidas, Onondagas, Cayugas, Senecas, 
and Tutcaroras. But they followed the loyalist Briii>h colonists, 
with whom they had taken juirt in the War of Independence ; 
and the first of them still preserve the prized heirloom brought 
with them when they forsook their old native valley of the 
Mohawk^the silver communion service, inscribed “A.R. 1711. 
The gift of Her Majesty, Ann, by the Grace of God, of Great 
Britain, France, and Ireland, and of her plantations in North 
America, Queen, to Her Indian Chappel of the Mohawks. 
But though the Six Nation Indians have occupied their i^serves 
on the Grand River for little more than a century, they belong 
to the great Huron -Iroquois stock, of which Canada is the 
original nome. The speaker accordingly gave a detailed account 
of the first direct knowledge of the Hurons of the St. Lawrence 
Valley derived from Jacques Cartier’s narrative of hU two voyages. 
He first enters the St, Lawrence in X53C, when he found the 
palisaded Indian towns of Sladacone and IJoschelagn, on th^ 
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Iroquois, the Senecas and Onondagas alone, the w riter showed,, 
seemed to have observed the annual white dog feast, and that 
only within recent times. It combines some features of b(Hh 
the dream and war feasts, of which it is the succet^sor, and is 
beginning of the new year. Penitential exercises take up a 
portion of the time, with games and various performances of' 
the false faces. His sins confessed and forgiven, his appointed 
offering mode and the fire rekindled on his hearth, the Indian 
was prepared to enter hopefully on a new year, especially if 
dreams and games had turned out well. The feast has now lost 
some of its most striking features, and will very soon altogether 
pass away. 

Sociian of Geology and Geography, 

The Section of Geology and Geography also devoted much of 
its time to topics of American interest. Mr. Charles White, in 
his address as Vice-President, touched on ** The Mesozoic 
Division of the Geological Record aa it is exhibited on this 
Continent,** referring more particularly to the principal sub- 
divisions of the Mesozoic that have been recognized in North 
America, their inter delimUation, their division as a whole fronv 
the Carboniferous system beneath and the Csenozoic above. He 
held that the Mesozoic strata of the Atlantic coast region con- 
sist of a probable representation of the Upper Trios of Europe, 
a i^ssible one of the Upper Jura, a probable slight one of the 
Middle Cretaceous, but with a hiatus between the latter and the 
Eocene. 

Another paper in this Section, dealing in comparisons of 
Cis- with Trans-Atlantic formations, was that of Trof. H. S. 
Williams, of Cornell University, Ithaca. He gave an account 
of his examination of the English Devonian rocks, under the 
leadership of Messrs. Ussher and Townshend Hall, during the 
visit of the International Congress of Geologists in 1888. Com- 
parison of the rocks and fossils with those of Kast'ern North 
America led to the conclusions (/i) that the fossils are very closely 
allied to the species of the New York Devonian, although in the 
great majority of cases passing under different names ; and (^) 
that the rocks, in their appearanc*, composition, and order, are 
as different as two distinct systems well can be. The great 
Devon limestone of South Dcvonsliire and Cornwall furnished 
the fossils upon which Lonsdale based his conclusion that the- 
fauna was intermtdiate between the fossils of Murcbisoii’a 
Silurian system and those of the Carboniferous limestone, which 
led to the establishment of a ** Devonian” system. When 
other European localities had furnished more perfect sections of 
this system, the fauna of this limestone was recognized as the 
Middle Devonian fauna, and that of Marwood, rilbm, Sloly, 
&c., as on Upper Devonian fauna. But neither the order of 
sequence of the rocks nor the separation of the fossils into well- 
dehned faunas can be satisfactorily determined by study of these 
Devonian rocks alone, Although they have furnished geological 
nomenclature with a name for the system, they are far Irom being 
typical of the Devonian system, as known to most geologists. 
Comparison of the faunas of the European Devonian faunas 
with those of the Appalachian basin leads to the hypothesis that 
the marine life of the two areas had different histories. There 
is a continuity in the succession from lowest to highest zones of 
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site* of Quebec and Montreal. We owe to him a vocabulary of [ jjjc system in Europe which we do not find in the American 

their lanauaiTfi which dfovcb ih»m to ha.v* been W van dot a or ! li. ia tKaf iKn AmAi-t^an 1 nu/Ar nnH \fiddle 


their language which proves them to have been Wyandots or 
Hurons. But when Champlain followed, in 1615, the whole 
region was a desert. An account was then given of the Huron 
settlements visited by Champlain on the Georgian Bay, and 
their extermination by ibc Iroquois in ilkS, Next the 

traditions of the race were referred to* all in legendary 
faobioa, embodying the myth of thetr emerging from the heart 
of a mountain between (^ebec and the Great Sea. Their 
oonatry (hu« reached, apparently, to the Labrador frontier, 
coei^oas to the Eskimo country. Skulls of the Hurons and 
lioqt^s were produced* including a cost of that of the famous 
Mohawk chief, Brant; and atteotion was drawn to the strtk- 
btg pontraat which their predominam doliohocephaUc type 
preaeaied to that of the prevalent American type of skull. In 
tMs rekpi^t the Huroo^roquoie heod^fiVm approximates to that 
t»f 1% Icymo* and the s(^al aim of the paper was to show 
for belles in on odmiaittre at aome remote date 
American stock with the Eskimo* who have been in- 
' " f fekognl^ed by ethhoidgists as a distinct type from the 
dtsm cff the northern opiHUtent. 

Beaiuchaihp'* oontrlbihtioa on the Iroquois 
had some pokits of Interest. Among the 


series. It is evident that the American Lower and Middle 
Devonian faunas are more distinct from the corresponding faunas 
of Europe than arc the cuboides ” and later Devonian faunas 
of the two areas. To account for these facts it is conjectured 
that a l^rrier separated the two districts during the lower and 
middle stages of the Devonian, and that with the “ cuboides” 
stage an incursion of European species began from the European- 
area westward or north-westward, penetrating the Appalachian 
basin. The tningUng of species was not complete, and was 
stopped altogether by the elevation which terminated the marine- 
Chemung fauna of the New York area. The author alsKi found 
evidence for the belief that the early Carboniferous faunas ad- 
vanced northward in the central and Appalachian basins to take 
the place of the Hamilton and Chemung faunas, which in large 
meoaure naased. ^ « 

Mr, Frank LevercW* of the U.S. Geologtcal Sumy, read a 
paper on the gladal phenomena of North-Eastern IllinoU apd" 
Northern Indiana. The npens with an explanation of 

the methods of study aIr^ady art»|doyed. and other methods to be 
employed in deciphering ibeff'ftitUory of the drift. A brief 
dUcossino is given Of the feature and phenomena included under 
the urm moraino as naitictcd in the paper. Among these* 
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knQl^<( and basinfE, sw«li« and 8ay9i smooth ridges of tUi 
And houlder belts* may ha included (thodgjti such topc^raphy and 
features are uAder apmu condHions non- morainic), hut the tih 
«plaln, *’ or groaod moraine/* k not included. 

The vporaines discussed are terminal to the uf hut not 
to the drift' covered portions of these States. Four evidences of 
advance in the production of later moraines arc cited: (i) 
buried soils i>f si/»n between till sheets ; (2) changes of direction 
iin A >w as shown by atrise ; (3) change in form of ice-lobe as 
indicated by the distribution of the moraine belts and shiftings 
oi the re-entrant aod lobate portions ; (4) evidence of posh or 
advance in the moraine itself. 

'llie number of distinct moraines varies because of partial 
coalescence or of local obliteration of portions of certain 
moramea by later advances. For this reason correlation is 
difficult. Aside from the difficulty cited there is an increase in the 
complexity in passing from older to newer moraines. In the older 
•onea the intcrlobate portions are short, and the moraines can be 
traced around continuously from one lobe to another through 
the re-entrant portions. But in newer moraines the terminal 
Ippp meet on opposite sides of large interlobate moraines, and 
correlation is made only after critical study of their connections, 
over-riding, overwash, 

Suggestions arc made upon the subject of progressive lobation, 
but caution is urged against advancing general schemes too early. 
The study has not been carried far enough to make it possible to 
draw conclusions of that high order to which future extension of 
the work will lead. 

Before the leading lime-intervals in this district can l>c properly 
outlined, wider correlations must be made and erosion studies 
must be carefully prosecuted by competent investigators of 
orosion phenomena. 

Sci’fhn of Economic Science and Statistics, 

Not the least interesting of the papers of this .Section was one 
on ** Food Moulds the Uace/* by Mrs. Nellie S. Kedzie, of the 
Department of Household Economy and Hygiene in the Kansas 
State Agrit^tural College. Mrs. Kedzic (raced Irish discontent 
40 the fact that, as she states, whereas ‘*the population of 
Ehgla^^d lake on an average 4|ilb$. of meat per day,“ the Irish- 
tnap eats but ai oa. per week. A hungry man is on angry 
vbvui/’ Mrs, Ked/da affirmed, and added, ** What wonder that the 
Uriah have grown rebellious, suspicious, and lawless ** ! 

A more serious and imponant paper in this Section was that 
of Mr. F. Lesttftr Ward on “ The Sociological Position of 
Prot cation and F ree Trade. * * Th e au th or ad vocat ed a protective 
tariff, and his arguments may be lu-iefly summed up thus A 
protective lariff S a means employed by the State to encourage 
.activities beoeheial to that Stole. The principle is that of in- 
ducing certain individuals lo put forth energies resulting in 
benefit to the community at large. Against the argument that 
public money should not given to private individuals, 

Mr. Wal'd urged that the |wb]ic funds thus spent were analogous 
to the moneys spent in salaries to Government officiaU— the end 
was the amne in both cases, viz. the public welfare. A protective 
tariff tended to make the State seirsustainine. The statesman 
is not a humanitarian ; his duty is the weal of his own country. 
He is justified, therefore, in advocating measures of self-defence. 
But as with individuals, so with States ; those acts which are 
performed for the object of self-defence conduce to the welfare 
■of the colleclive whole. There is no such thing as free com- 
^ petition* Tne term itself implies friction. It mjuires intelligeiit 
interference to preserve competition free. Competition 1 «k to 
Itself promotes mopopolicis. The protective tariff prohibits the 
unnecessary transportation of commodities. This results in 
economy* 

But the paper that attracted the largest amount of attention 
in this Section was that of Mr. B. E. Fernow. chief of the 
Foi^try Division of the Department of Agriculture of the 
United States* A graduate of a Foredry Ac^emy of his odm 
country, Oermuny, where, as he himself said, the preservation 
of forests is traditional, Mr. Femow is astonished at the careless-p 
in many ca^es, indeed, deliberate— wastefulness with which the 
New World miliae* its treasures of rimber, and he looks fo ihe 
<»^verninettt to remedy the evil. far as the forest yidds 

material for the arts/' he wdd, isim objectof private Mpstryi 

wheoi by its position on a mMeir^hed, the fomst becomes an 
iftffnentUi fijcior in the of the pUin, lit iiiAy 

-atlU serve the ptirposes of galp im wealth, which are the objeebi 
private ia^hutry, but iu lad^ect rigiuftcanoe for society at 


large exceeds the private interest, and this class of 
being in the direction of a social gain or gain for a latfffCr 
her, mvist become on object bf public ecoaomy by the oe , 
community." 

The following passage from Mr. Fernow's paper is wpfthy of 
quotation, showing as it does his perspicacious views, on this 
difficult problem of forest Conservation 

‘^Whatever tends to stimulate private activity is to be 
promoted. Whatever retards development of intensive methods 
IS to be removed by Government. Industrial education* cultutal 
surveys, organization of national {rri^tiem systems* fftdl comthU- 
sions, bureaus of information, experimental stations and Other 
aids to private enterprise will Constitute the chief method^ of 
expressing State interest with regard to these resources. The 
three great sources upon which mankind is in<^t dependent, 
which demand first the attention of the State, are the soil, as 
food producer, the water, and climatic conditions. A rational 
management of the water capital of the world in connection 
with the agricultural usie of the soil will become the economic 
problem of the highest importance, as the necessity for increased 
food ])roduction calls for intensive methods. In the United 
.States; the action of the Government on economic and cultural 
questions is apt to be fitful and the result of j^r^onal influence 
rather than a logical analysis of conditions and principles. 
While onr Government is ready to go to war in order tp protect 
its fisheries, it has never even known the value as food supply of 
the game which has l)eon killed. Whole races of animals have 
been extirpated before there were population enough lo require 
the meat. While with one hand we pay exorbitant prices in 
land and wasted energy to get (he plains re-forested, that 
with poor success, with the other hand we offer a premium for 
forest destruction in mountains by leaving them without proper 
administration. And now we propose to establish imgation 
systems, neglecting to provide ffist for those conditions which 
assure a regulated water supply— namely, by forest preservation/* 

This ]>aper led to the adoption by the Association of three 
resolutions : one, that Congress he memorialized on behalf 
a proper administration of the forests of the western mountain 
ranges ; a second, that legislative enactments were necessary for 
the development of natural resources ; and a third, appointing a 
committee to uije the imiwtance of these niatter^ on tne 
President and Congress of the United Slates and on the 
Premier and ParUamant of Canada. 

Section of Chemistry, 

The Vi^-Pre«idential address in this Section was read by 
Prof, William L. Dudley, of Vaoderbiit Univerrity, who gave 
a r^sumJ of the more important researches on the naturt of 
amalgams, lo which waa appended a very complete index to 
the literature on the subject. Prof. Dudley confined himaelf 
almost wholly to the historic aspect oi his theme, taking occasion 
only to remark that the results of previous experiments seem to 
prove that amalgams are chemical cum pounds more or less 
unstable. 

Mr, Charles Munro spoke on the explosiveness of the cellu- 
loids. fic gave the results of experiments fpf, testing their 
stability, dating- point, &c., and maintained rhift (he Opaque 
varieties were insensitive to detonation at ordinary temperatures, 
but chat (he translucent readily exploded. 

Mr. John W, Langley, of Pittsburg, read a paper on 
'international Sundards for the Analysis of Iron and Steel*" 
He stated that a system of internatioTial standards had beeti 
arranged for between England, France, Germany* Sweden* apd 
the United States. He gave a description of (he system* lUtd 
asked the Section to name one chemist to act with rix others to 
conduct the analvsU on behalf of the American ComUiittee on 
the International Standards, and to co-operate regardliu; the 
same with European atialyste. The tueeting a|w^M wr* 
Thomas M. Brown, of Boston* with Frof; F* A. Gooob, of Yale* 
College* New Haven^ Conn., w altehiat^a. 

Section if Mafhemeuies and AstroHomy^ 

In the ScctlpB Of Mathemarics a papei^whiuh i^aited in an 
imponant re^uiion being adopted the Aisi^th>n id 
— waaread on the arc: The two meodional 

one in Peru aud the dti^r m megiinred 

a naif ago, were examined hj Fwatop* 

States Coa«t and Gi^etic W)pii ire^an^ 

of accuracy aitainad^ and a marfh 
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of thes* meiuiv^f«s and those resuliing from work 
with modem itistrumcntf'f and foil owing more mcent methods. 

w^ ahpwn that the probabJe erri^rn wcte nnich larger than 
^Oiud be indicated by the agreement of the published results, 
i^ikt ibat therefore the concordance of this arc with those in 
othdr of the world is no proof of its accuraiy. By far the 
most significant errors came from the astronomical observations, 
atnd the nnavohfahle uncertainties here, either from the imper- 
fr^tlon of the instruments, or the attraction of the high mottn* 
tains, were shown lo affect perceptibly the present value of the 
earth's atts. 

The rcEoluiion touching this matter, which was unanimously 
adopted at a general session of the Association, reads as 
follows 

** Whereas' the history of geodesy includes no more important 
page than that relating to the measurement* in 1739 of the so- 
CalJed Penavirtn arc, which work waa conducted by the French 
Government with the co-operation of Spanish officers, end in 
magnitude of plan and difficulty of a most serious character U 
was in its time unexcelled ; whereas recent improvements in 
all theprocerse# incidental to such an undertaking have been so 
very great, rendering txissiblc a vastly more accurate execution 
of the work ; whereas it is and has been for several years a 
matter of deep 1 eg ret that the one great contribution which the 
American coniinent has made to the solution of the problem of i 
the figure of the earth should fall so short of what it should and 
might ; be It therefore resolved by the American Association for | 
the Advancement of Science, that the Congress of the Three ] 
Americas about to assemble in Washington is earnestly requested 
to Consider the desirability of undertaking ihe measurement of 
this Peruvian arc, lo he accomplished by a union of the Republics 
represented. Tins result is not likely to l)e reached except 
through inicrnational efiort, and this recommendation by the 
Congress would be a fitting and proper act of this first confer- 1 
cncc of repTCienlatives of the New World.'' 

Secit4>.u r/ Physus, 

The President of the Association, Mr. T. C. Mendenhall, 
i^ead before the members of this Section a short paper on globular 
lightning. He adduced no new theory as to its source or charac- 
ter, but submitted an intcrcRting account of several auihentic 
recbtds of its occurrence, many of them abstracted from the 
reports sent in to the United States Hydrographic Office. He 
showed that there was abundant trustworthy proof that atmo- 
spheric electricity took oft the form of globular lightning, but 
conceded that the evidence was in details discordant. He hoped 
that some day opportunity might be given to obtain a photograph 
of the phenomenon. 

Mr, Thomas Gray read a paper on the relative values of the 
magnetic and the elecuodynamic methods of measuring electric 
currents in absolute mcasu es. 

In the subsequent discussion on the paper. Prof. Nichols, of 
ComeU UnWervity, stated that he had compared the constaDts 
of one of Sir Wdliam Thomson’s balances as certified by him, 
with the conslaniR as determined by the large standard galvano- 
meter In Con^cH University, and found them lo agree perfectly 
the OTtire range — a result with which he was greatly 

Prof, H, S. Carbwl, of the University of Michigan* read two 
piipcns before this Section, one on magnetic leak^e in dynamos, 
the other on an improved standard cell with low temperature 
cbdffitHem. The follouing abstracts of theic papers will show 
gist and purport 

The first gives an account of some experiments to 

dletsrt^^lne the magpeue leakage of two dynamos of the Mather 
and type respectively j the former wa« a small machine 
of 500 watts capacity^ buHt by a student In tW laboratory, the 
Voittei^ ah fidison of $pdo watts capacity. 

sWall machine the leakage was dOe to isohM projecting 
ine steel studs which carried the ainmttnre yokes. The ! 

lin«a Ctit by the orthathre when the machine | 

a ocetpled os a self-ekcidng ahunt dynamo woa determined, 
th« «eel Studs were teploced by brass and the de- , 
t^iWlOnS v^erorepeat^^ the result Was i and aja^ooo 1 
JfeinS of force respectively, br a gain due to removing the steel 
1)10# df 'fhis wo* partly dtie, hoVOvoT), tp fomeose 

leak^ woe stopped. Hahce the fnaohine 
ood the number 

#|«!tnifried in the two idaaes ^ before, llte result was 
lines cut by the armature with and Without 


steel studr, a gain of ii’e per cent. This measured the true 
leakage due to the assigned cense. 

The leakage in the Hdicort machine was due to the iron' bed^ 

K iate. A plank base was made, and the nuitiVer of ihagnetic 
nea cut by the armainre was determined first with the tion host 
and then with the plank, the machine being self-exciting and 
running at the same speed in the two cases. The numterof 
lines was 1,510,000 and 1,605,000, a gain of 6*25 per cent, due 
to removal of the cause of leakage. 

In his second paper* on an improved Clark standard cell with 
low temperature coefficient, Prof. 11 * S. Caihart Raid:— The 
objections to the Clark cell, as described by Lord Rayleigh, are 
high and variable temimature cotfficiem, objecticnahTe me- 
chanical consinietlon, and serious local chemical action. These 
I have, at least in large measure, ovetcoroe. The cell which I 
now make is so constructed that the mercuiy cannot reach 
ihe ziftc during transportation* ITic temperature coc fficient is 
represented by the equation 

E' - E{i - •ooo 387(/ - 15) + *oooo005(/ - 15)^], 

Per degree the coefficient is 

- *000^6 -b ■oooooi{/ - 15). 

At o*C* this coefficient becomes - *000401 ; al 35’, - '000376 ; 
and at the highest temperature observed, S 2 "‘ 7 , it is - ■CC0348. 
It will be observed that this coefTicieni diminishes with rhe of 
temperature, while that of I*ord Rayleigh h cells increases. 
In cell? of the old form local action is due to zinc replacing 
mercury when in contact with the solid mercury salt. The zinc 
is thus amalgamated, and the amalgam creeps up. This 1 
prevent by keeping the zinc out of contact with tne mercury 
salt. The same device has the efTecl of raising the E.M.F. about 
0 4 percent. The polarization of the.se cells amounts to only one 
ten- thousandth part in five minuies with an external resistance of 
lo,ocx> ohmr. It recovers in a ftW minutes. The difTcicnt cells 
show great unifcrmityof E.M,P\ All compa>ifioi).s are made by 
Lord Rayleigh's method slightly modified. A charge or dif- 
ference of E.M.F. of one Un-ihourandih part is veiy readily 
detected.” 

In this Section Messrs. W. A. Rogers and R. T, Woodward, 
i in a paper on mercurial thermometers, held the following 
j theses .‘—(I) 'Jhe movements of a mercurial column ate in all 
j cases by pulsation ; (2) these pubations have a regular recurrence ; 

I (3) the period of recurrence is constant in the same thermometer ; 

I (4) every poisation has the same harmonic relation ; (5) the 
‘ amplitutlo of the curye which represents the harmonic is in- 
j constant ; (6) as the period is constant and the time required for 
! the completion of the cycle variable, it follows that the danger 
I of error in random rcadirgs of the thermometer is greater for 
’ slow than for rapid variations of temperature. 

1 Section of Phlogy, 

In the Biological Section, Mr. A. T. Gcok read an intcreMipg 
paper on the anmenlRry apparatus of the bee, in which he em- 
, bodied the resulu of a long series of personally conducted 
experiments. He differed, he said, widely in many particulars 
' from the author of the article on the anatomy of the bee in the 
1 “ Encyclopoadia Britannica,” notably as regards the conformation 
of the longue. This organ, Mr. Cook strongly maintained, was 
a hollow cylinder furnished on the underside with a slh through- 
out it$ entire length, Be explained that suction could be per- 
formed in three ways j (r) through the terminal aperture of tbe» 
internal tube, when the nectar could be reached only by the end 
of the tongue ; (3) through the slit opening into this tube, when; 
i the fluid to be sucked In was shallow and placed on a flat 
surface ; (3) hy the aid of the labial faf/kf when the fluid was 
abundant. The author also expressed his incredulity as to the 
possibility Of a trustworthy analysis of honey, arguing that in 
many cases more nectar was taken into the honey-stomach by the- 
bee than the glands had time or secretion svifficient lo digest. 
EBpeoialty* he thought, did this happen when the linden Was in 
bloom* when a shigfo hive of bees would sometimes store up 15 
pounds of honey in the day. The queert bees and the drones, he 
held, were fod with digested food only, and to this fact he traced 
the extraopdfoary focundity of the queen bee. 

Trof, BurriU read a paper on fermentation of ensilage* He^ 
Slated that all fermentation of organic matter is now universally 
admitted to ht duo to the action of micro-organisms, and ho 
dewsribed the phenomena presented m recently stored green- 
fodder, used for cattle ftod. This material Is now placed ii> 
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blttiS of Urge Mahers it 9000 becomss very Hot, reaching a 
tempeMtureof^^C. (140^ F.). Thb temperature was su^ctently 
h)£R to kill or at least prevent the growth of nearly all animal 
anayegetable spefies, jo** C. being ute upper limit, Upon the 
proper examination of this hot material one soon finds that a 
ftingie species of Bacteria {HacUhts i>u(yrict$m) is associated with 
•the fermentation and sutnsquent rise in temperatu^'e. Further 
tests prove that it is the cause of these changes. Secondary 
changes are very liable to occur as the heat decreases, and lactic 
and acetic acid^ the latter often in lai^ge amounts, are produced. 
Possibly alcohol is sometimes, but never as a hrst product of the 
hot materiaU 

On the whole, this the thirty-eighth annual meeting of the 
American Association for the Advancement of Scien:e may be 
considered to have been a successful one. Close upon two 
hundred papers were actually read in the various Sections, some 
of the^e of course not reflecting that “dry light which is supposed 
tp be*i upon all scientific investigation, yet the majority of them 
evincing real and enthusiastic work on proprr lines. One thing, 
however, might have been noticeable to an English ear, many of 
the writers seemed to possess a greater mastery over abstruseness 
of subject than over elegance of dicrion. 

Many eminent men, some famous in both hemispheres, were 
present. The total number of persons in attendance on the 
meetings, and actually belonging to the Association, either os 
Fellows, Members, or Associates, was between four and five 
hundred. 

Financially, the Association is declared to be In a better posi- 
tion to-day than ever it has been before. The annual income Is 
at present, about 86000. It has also the sum of 84500 invested 
at 5 per cent., the interest o f which is devoted to the furtherance 
of original rc'^earch. For ih e ensuing year thU sum has l>ecn 
apportioned , thus; 8150 to Prof. Moseley to continue his re- 
searches on the velocity of light in the magnetic field ; and 850 
to Prof. A tt water for the purpose of investigating' the heats of 
combustion of certain mineral and vegetable compounds. 

Indianapolis and the third Wednesday in August wers chosen 
m the place and time of meeting for 1890. Mr. G, L. Goodale, 
of Cambridge, Massachusetts, was elected President for the 
coming year. 

The meeting was closed by a public gathering, at which many 
•complimentary speeches were made both by hosts and guests, 

Arnold Haultain. 


T//E IRON AND STEEL INS 7 ITC/TE. 

E autumn meeting of the Iron and Steel Institute was held 
last week in Paris' under the presidency of Sir James 
Kitson, The meeting was held in the rooms of the Society 
d’ Encouragement, ana was addressed, in the first instance, by 
M. Eiffel, President of the Soci^ie des Ingenieurs Civils, and by 
M. H. de la Ooupilliere, President of the Soci^te d' Encourage- 
ment. The President of the Institute, after thanking M. Eiffel 
and M. de la Ooupilliere for their kind hospitality, announced 
that the Council had awarded the Bessemer Medal to M. Henri 
Schneider, of Creusot, for his services to the iron and steel trade 
of France, to whom it was presented on Friday by Sir LowtbSan 
Bell. Sir James Kitson made a brief address, referring to their 
last visit to Paris in 1878, under the disthigut^^hed presidency of 
the late Sir WilUam Siemens, to the increase in the roll register 
-of the Institute which had taken place since that date. He drew 
"attention to the improvements which had taken place during the 
last decade in the metallurgy of steel and iron ; the commercial 
development of the Siemens- Martin and Thomis-Oilchrist steel 
processes ; the increased development in the manufacture of steel 
owing to the extension which had taken place in its appHcatloosy 
The Eiffel Tower was an elegant example of the sclentificpower 
and imaginative ^ius of French engineering, whilst the French 
-chemical study of the processes of metallurgy hud rendered great 
service^ aot only to their own industry, but to that of the wprid 
at lari^. The names of many eminent French metalHngists 
were mentioned, and the work they had done was briefly 
referred to, 

The business of the meeting was then proceeded with, vk, the 
Treading and discussion of the various papers which are referrod 
to below. 

Prof, S. Jordan's papet'r '^Noftdsan Iron and Steel Manalacture 
4n France in 1 S 87 , and as illustrated by the French eehlblts at 
Furls," the first paper rend, was of a statistfeal character, and 


compared the present production of these metals with what k 
wis ten years a^ 

Tkg Ckannei was a paper by Messrs. Schn^er 

and Co., of Creusot, and M, H. Hersent, Past- President of the 
Socieie des Ingenieurs Civils, descriptive of a bridge for OOW' 
necting England with the Continent. The paper consists of 
three parts, an introductory notice, a general description of the 
bridge, and of the superstructure, being preliminary projects of 
M. Hersent and Messrs. Schneider respcciively. From the 
introductory notice it would appear that projects have been 
submitted by Messrs. Fowler and Baker, but these are not 
published in the paper. 

It is proposed that the bridge should span the Channel at 
about its narrowo'^t portion— namely, between Folkestone and 
I Cape Grizner, a distance of 25 miles, by which means also the 
I sand-banks of Varne and Colbart can ^ taken advantage of, 

! thereby diniiniahine the height of the piers necessary to be 
I erected. These bai^s are in mid 'Channel, about 3$ miles apart, 
and are separated by a depression of between 80 and 90 fwt 
I deep ; this is also about the depth l>etween the bank and the BritUh 
coast, whilst on the F'rench side, between the Colbart Bahk artd 
the Cran aux-(Eufs, the bottom sinks somewhat abruptly down to 
132 feet, attaining 180 feet about midway across, when it gradually 
rises again. In these parts the chief difficulties would be 
encountered in laying ihe foundations. As the result of frequent 
experiments, it is found that the blue and white chalk which 
forms the Channel bottom is capable of supporting a load of from 
140 to 170 pounds to the square inch, and the surface of the 
bases of the piers has been so calculated that the foundations 
should not have a greater load on them than the smaller of these 
amounts. ThU would imply that no factor of safety has been 
allowed, which is hardly likely to be the case, as in masonry 
structures with a live load a factor of safety uf 8 is generally 
recommended ; on the other band, the ordinary kinds of chalk 
are capable of resisting a crushing pressure of 330 pounds per 
square inch, The masonry piers are 190 feet in length at the 
base, and 140 feet above, the w*idth depending on the columns 
which they have to support. The distance between the piers is 
fixed at 1650 and 990 feet, 1155 and 660 feet, and 825 and 
330 feet, the largest spans corresponding to the greatest depths, 
and the smaller ones to smaller depths and the parts near the 
ahore. Each supporting pier will consist of a block of masonry 
of best material, set with Portland cement, and laid on the ^a 
I bottom ; the masonry will be built inside metal caissons similar 
' to those used for ordinary bridge piers, and forced by compressed 
air down to the solid ground. Their surface above high-water 
level will form the foundation for the metal columns, which are 
cylindrical in shape, and vary in height between 132 and Z40 feet, 
and on them are placed the main girders of the bridge. These 
girders are 200 feet above low*, and 178 feet above high-water 
level. This height is amply sufficient for the passage of the 
largest ships. Tno system of girders proposed to be emplowd 
is simple, unlatticed, trussed, so as to insure the proper distribu- 
tion of all the stresses. After consideration It has been found 
advisable, instead of forming the 990 and 1650 feet spans of 
girders extending over the whole length of 990 feet, nnd extend- 
ing on either side in the form of cantilevers of Saj feet, so that 
the junction of the two cantilevers should constitute a span of 
1650 feet iu all, not completely to cover the spans bjr means of 
cantilevers, but to connect these by an ordinary independent sp^, 
a saving of 17 per cent, beiim thus realized in each overhanging 
portion of the cantilever, m this manner the 16,^0-feet Span 
comprises two cantilevers of 6zo feet each, and an independent 
span of 412 feet. The metal fiooriag on the central span and 
cantilever is formed of two girders resting upon two piers 
990 feet apart, and lengthened on either side to the extent of 
619 feet. These girders are 36 feet high at the ends of the 
overhanging portions, and 2 14 feet high almost throughput the 
span of 990 feet. Each girder consists of two chords coni^ecud^ 
by bracings forming kosceiei triangles. The lower ribs of the 
two girders have a distance of 82 feet between their axes in the 
central span of 990 feet, and an interval of 33 fi^t at the enda. 
The level of the permanent way is 237 above low Wptet j a 
double set of rails Is proposed, and the width of flooring 
mKU be 26 feet. 

The paper further gives a detailed description of the fonndallon 
work, comprising the situation and dtmeosions of the |4e%%9 
construction, conveyance* and fitting into position of the 

work iht 
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j^to podlion of th« meul span«i with estimates of weight, and 
(^culationa of the reaiitances throughout the structure. The 
meta] reciuired for this bridge would afnount to amilHon tons, of 
whieb about three-quarters would be steel ; the cost is estimated 
at ^JStOOQ^ooo, and the period requisite to complete the work 
ten years. This interesting pamphlet of nearly too pages will be 
referred to on account of the careful manner in whicn the subject 
Iras been brought forward, even should the building of the bridge 
not take place, on account either of political objections or con- 
structive di£ficmt)es. As stated in the paper itself, each pier com- 
plies a small lighthouse, and ns about 1 50 of these small light- 
houses will have to be erected, an injury to any one of which 
would close the bridge for a lengthy period, one thinks of the 
Eddystone Lighthouse, built by Smeaton loo years ago, which 
has had to be replaced, not on account of any fault in its dcsi|;n 
or construction, but because the sea had made inroads on its 
foundation of rock. 

On Gmtmis Fuel^ by Sir Lowthian Bell. The author 
assumes a certain quality of coal, and then compares the work 
that can be performed with it according as it is used in the solid | 
state or in the condition of producer gas or in that of water gas. | 
Producer gas is that suppli^ to the Siemens regenerative gas ; 
furnace ; the specimen of coal used for comparison is assumed 
to consist of 70 per cent, fixed carbon, 10 coal gas, and 14 
ash, oxygen and nitrogen, and the producer gas obtained from it 
of 16 ports of ccal gas, 163*3 of carbonic oxide, and 222 of 
nitrogen, the producer gas being supplied cold at the foot of the 
regenerators ; the calorific value of the coal is 7200 calories, joo 
parts of this coat are equal to 720,000 calories, and by the com- 
bustion of the producer gas ^51,920 calories are produced, 
showing a loss of 168,080, equal to 23*3 per cent. The method 
of manufacture of water gas is next explained. The fuel recom- 
mended to be employed is coke, which is placed in a cylinder 
of iron lined with fire-brick ; the coke is rendered incandescent 
by an air blast. When in this state the blast is stopped, and a 
^ of steam passed through it. The steam is decomposed ; its 
oxygen burns the carbon into carbonic o.\ide, setting free the 
hydrogen, the mixture constituting so-called water gas, compris- 
ing equal volumes of carbonic oxide and hydrogen. The chinge 
in prMucing water gas is expressed chemically by HjO -i- C « 
H, + CO, and the heat required to tear hydrogen away from its 
associated oxygen is not less than that evolved when the two 
gases Unite, or 2 x 34,200 68,400 calorics. The weight of 

the combining equivalent of carbon remiited to effect the change 
» twelve times that of the two units of hydrogen, and the heat 
generated by this quantity of carbon being burnt to carbonic 
oxide is 13 X 3400 = 28,800, so that something over 14-i units 
weight of carbon will be required to generate a unit weight of 
hydrogen. But as only 6 units of carbon are being burnt per 
unit of hydrogen, the incandescent carbon is soon cooled down 
below the temperature of decomposition. When this point is 
anivedat, the steam is shut off, and the blast is again turned on. 
Using the data given in the water gas publications, water gas 
produces per too parts of carbon 682,520 calories out of a 
possible total of 800,000, there being a loss of 14*68 per cent. ; 
OS the poke used is produced from coal, the actual loss rises to 
37 per cent. The author sums up os follows ; — 


(3) Water gas and its accompanying producer gas — 


(I) Coal as burnt in an ordinary furnace — 

IDO parts, yielding 7300 calories per unit 

Chimney gases, estimated after making the neces- 
sary allowance for oxygen In the coals, 1 129 units 
X 427’ C. X *24 specific heat 


T^dfcorbpnor *33*33 of CO x 2400 ... 

i6ofeoalita» x 10,000 ... 

1if*at ttmnsmuted to furnace 


ltW;ittchhn^<^gase*, <129 >= 377*^. x -24 specific 
... ' ... 

of ^al to pet cent. 


Calorlei. 

Water gas, 17* *5 C. = 40*83 CO x 2400 « 97^99^ 

Hydrogen firom steam, 2*926 x 29,400 ^ 86,024 

184,016 

Producer gas, S^^'S C. « 123*5 CO x 2400 = 294,000 

Coal gas, 16 X 10,000 = 160,000 

Sum of heating-power of water gas and producer gas... 638,016 
Heat in a chimney gas assumed at same temperature as 
ordinary producer gas — 

7797 ^ 377“ ^ '^4 SP' heat = 70,547 calories “ wos percent. 

These figures intimate that each 100 units of the three kind& 
of fuel burnt there is afforded by ; coal. 83*93 t producer gas, 
71*14 ; water gas and its producer gas, 78*80. 

To these figures of Sir Lowthian Bell the supporte« of 
gaseous fuel will object that, if with the use of gaseous fuel 
there are 11^9 units of waste gases passing up the chimney, with 
solid fuel there must be considerably more ; whilst the em- 
ployers of the regeneiativc gas-furnace, whilst accepting 377® C. 
as the temperature of their chimneys, will not allow the same 
for water gas, where regenerators are not used. 

Another interesting paper presented to the meeting was one 
by Mr. W, C. Fish, on the Thomson electric welding process. 
The ratimaU of the process may be thus shortly de.scribed. If 
an inclosed circuit of inappreciable resistance be completed by 
the insertion and abutment of short lengths of the pieces to be 
welded, the passage of an electric cuircnt through the chemt 
will produce a transformation of electric into heat energy, and 
the production of this heat will take place almost entirely at the 
point of abutment of the metal pieces where the cross-section of 
the conductor is virtually of least area, and the resistance is 
proportionately great. Xf the current is of sufficient strength* a 
welding heat is produced at the point of abutment, and, with 
the aid of suitable pressure forcing together the heated extremi- 
ties of the pieces, a weld is made. Various applications are 
given in the paper, the employment of an alternating current 
dynamo and a transformer being found the most effective method 
of working. 

Mr. Alexander Siemens, in the discussion of this paper, 
said he was able to confirm the general results given, for in 
making one of the Atlantic cables twelve years ago, it was found 


that welding could be done more quickly by electricity than by 
ordinary means. An electrical machine was placed alongside of 
the cable machine, and they made all the joints for the sheathing 
of the wire by electricity. They would find that the subject had 
b*cn mentioned by Sir William Siemens in his address to the 
Mechanical Section of the British A.ssociation at Newcastle in 
1877- 

Papers were also presented to the meeting on the Robert- 
Bessemer steel process, by Mr. F. L. Garrison, of Philadelphia; on 
alloys of iron and silicon, by Mr. K. A. l ladfield, of Sheffield, both 
being papers of a technical character. A new form of Siemens 
furnace, arranged to recover waste gases as well as waste heat, 
was described by Mr. John Head, and M. P. Pouff, of 
Nevers. In this furnace, instead of two air and two gas re- 
generators bein^ employed, only a pair of air regenerators are 
used, the gas being supplied hot to the furnace. Instead of the 
whole of the products of combustion being passed through the 
regenerators, a portion is directed through a regenerator to the ^ 
chimney, and the remainder through a converter producer, there * 
to be reconverted into combustible gases, and to do the work of 
distilling hydrocarbons from the coal ; in fact, the gas producer 
or converter In this furnace absorbs or utilizes the heat formerly 
deposited in the gas regenerators, and in doing this transforms 
spent gases into combustible gases. It had to be ascertained 
whether the products of combiution from tl\e healing chamber 
would contain a sufficient amount of heat to insure their conver- 
sion Into (combustible gases ; this has been found to be the case 
; in practice with furnaces working for the past six months. 

I Assuming that the producer contains only coke in the incandescent 
state, this ccrice if fed with oxycen will produce carbonic acid in 
the lower, and will be converted into carbonic oxide in the upper 
zone of the producer ; if fed with hot carbonic acid instead of 
oxygen, one-half the fuel, comprising the lower zone, may be 
dispensed with, nod an economy in weight of fuel to the same 
extent realised. In actual practice fini^ed rolled iron has been 
heated in thb furnace with a consumption of fuel as low as % 
cwt. jwr ton of iMf 


Crioriw. 
- 720 ,CXX> 

» iiS*7w 


the loss in this case by chimney gases being e(iual to *6*07 per 
cent. 

(3} Producer gas from same coal, as used in the Siemens 
Jbinaoes, without the addition of steam— 


Oalprin. 

« 3?L9?« 
160,000 

614*403 


102,151 
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SCmNTlJFlQ SERI4LS. 

Am:ricd 4 yjarnti pf Sci^n(; 4 ^ Ssptenbftf.— 'From eitperi- 
here deioribei, Messrs. A. A. Klchel^n an I E* W. 
Morlev infer th!!f^>^ 4 ibU!tY of esUbU$hin^ a material standai'd 
•a msire loa^. whcne len^h in H^ht-wive'* is known to within 
one part In one mUUon. and perhaps one in ten millions.— Mr. 
11 . Crew has roeasuped apsctroscopioally ilie oolar rotation for a 
cone soTrti wider than any before oluerved^ tbe eqaa- 

torial Viilde days, and nndin^ no certain variation of period 
with latitude by this method, A comoirison of the results from 
various methods appears to suggest aaeci'ease of ^gutar velocity 
■outwards. — Stretemn^ suddenly soft annealed wires by descent 
of welghts\hTOUgh a trap door, and tneasurinj thermo- electrically 
the heat evolved. Mr. C. ,Hir,us finds that as much as one'half the 
work done in stretching up to the limit of rupture may be stored 
up permanently. The work thermally dissipated varies U.g-. 
75 per cent, for copper, 6o for bra'^s, aad 5^1 for iron ) ; and with 
a gtven metal, there is large potentialieing in the first stages of 
strain, and large diwipation in the final stages. -*Mr. J IVow- 
t^dge shows reason for thinking that short waves of electrical 
«nergy are n>t absorbed by ai approximately perfect dielectric. 
-^A determination of the value of the B. A. unit of resistance in 
absolute measure by the method of Lorenz, by Messrs. Duncan, 
■Wdkes, and liutchtnson, yields the value 0*9863 ohms. — The 
Catbonj/erous Echinodermaia of the Mississippi basin are studied 
by Mr. C. R. Keyes. Crinoidea greatly predominated in the 
€c 9C part, and Blastoidea in the later part, of the period. 
Abrupt diflferentiaUon and extinction of genera towards the end 
<]f the ICeokuk formation, point to decided changes in the 
environment. — Mr. M. Carey Lea continues hU intereHing 
account of the properties of allotropic silver. No other metal 
seem t capable of such a variety of appearances, /n/^t aiint he 
notes the rc;parkab|e beauty of colouring in rings produced by 
a small crystal of iodine placed on paper that has been coated 
with allotropic silver in its m^ist and plastic state.— There are 
also papers on the “Grand Gulf" formation of the United 
States (Mr. L. C. Johnson) ; paragenesis ofallanite and epldote 
AS rock-forming minerals (Mr. W. II. Hobbs); a fossil .spider 
<Mr. C. E. Beecher), &c. 

tf' A troisiem: serie, tome iv., quatrieme 

fasc. (Paris, rSSg).-- Scientific anthropometry and artistic pro- 
portions. by Colonel Dahousset. In treating of the origin of 
anthropometric canons of proportion, the writer considers that 
while there is no doulH of the Influence exerted by the Egyptians 
on Hellenic art, the beauty of their own people must early have 
ted Greek artists to adopt, as typical moaels for the represents- 
tiotts of their divinities, the most highly developed specimens of 
the hum 111 form, as it Was manifested in their immediate neigh- 
bourhood. It would appear that the most ancient canon of 
beauty recognised by the Greeks was derived from Polycletus 
(45i-4W whose celebrated statue, “ Doryphorus,** the 

-spear-bearer, was long known as “ onnon " from its perfect 
embodiment of the Ideal of the male figure. A century later 
thb type gave place to the more idealized representation of 
Cjsipptts, who in hU statues of the gods raM the height 
of btt figures from the ordtttary proportion of yj to 8 heads. 
Under Vitruvius the proportions of Lysippus received greater 
preclsiont and became the type that has essentially served 
through kter ages as the true canon for the perfi^t human form. 

purpose of the writer is to compare this artistic type with a 
^acienti^ oanon, for the establishment of which our recent 
prograu In anthropology now for the first time supplies the 
tieoesoary materials. ^In a subsequent article, M. Topiuurd, iol- 
lowU^ up the relations between these two canons of proportion, 
treats of the differences between the methods followed by the 
artist and the anthropologist. He considers that the estaUish- 
ment of a scientific canon demands a careful study of the 
skeleton and the body immediately after death, as well as of 
the living subject, and his observations, elucidated by aamerous 
tabled will be found Of great v^ue to (he artist. He suggests, 
that (ke dedmal system of measurement should be used in 
determlmog the propettiouv of the several paru of the body to 
the whole body, while rackl sexual differences should be 
uHen into account tMHfbre Uiebeight of the fi^re is determined. 
This prehmlnary step is of iBqportaiwe, for wmle all races have a 
genttpal simuarity in the propMon of the height Of the head to 
the whole body, the yitm^ raow have comparatively 
heads. Women, moreover, in all races, other things being 
oqual, have highff heatk than M. I'pplnard coatludesihM 




there is no fixed refotion between vacations in the height f»f 
bead and those of 'bihpr parts of the and that, 
quemly, the anistic method of taking as a 

the relative proportions of the rest pf the body Is encmaom. 
Hence there Is no absolute type of beauty, the canons of pro* 
portion varying with sex, agv, mpe, and indWidaak**^n 
vestiges of pagan pmetkes among the Provengals of mt 
days, by Dr. B, F^rand. I'he Pmvenc^s, who from tlielr 
origin were powerfully fofiuanced by the Greeks and RomanSi 
still retain |n their modes of worship, atid their sociiu and 
domestic habits, numerous traces of paganism. Curious instances 
of this are supplied by the practice of libations, still followed by 
the peasants of Provence, who, after having concluded some 
unusual transaction, or an agreenmut of importance, c^mem* 
orate ilie event by pledging those present, after which they 
invariably extend the right arm and turn their glass down, *0 as 
to let the last drop fall to the ground. Similarly, at the frivol 
oT .Christmas, wnich is locally known as “ Leis Festos de 
Caleno " (the Calends), a solemn repast is partaken of, known as 
**Lou gros Soupar." at which the eldest and the youngest 
member of the assembled family perform, amid a profound 
silence, the ceremony known as the ** benediction of the fire." 
This act is performed by pouring wine three times upon the 
burning log, which must I>e of oak or olive wood. This is 
accompani^ by the singing of some verses, in which the 
excellence of fire is praUed, and Cod is thanked for having 
given man beneficent heat. These verses vary in different 
localities, but everywhere the ceremony of the silent libations 
precedes the supper of which the combined household t:utrUke* 
— On lacustrine and other pile*strvictures in Northern Italy, by 
M. P. Castelfranco. The writer gives an interesting summary 
of the various works which have appeared in Italy in recent 
years, regarding the different forms of pile-structures discovered 
in the i^annesc and neighbouring lowlands. In Italy ouch 
explorations date back only to 1861. when MM. Pigorini 
and Strobe! discovered extensive remains of prehistoric pile- 
dwellings at Cnslione. Since then other explorers, more 
especially Dr, Cluerici, have followed up these resear^ei in 
the province of Reggio, where the latter discovered traces* of a 
cAauss/e raised above the level of the ground on closely adjusted 
piles. I'he remains of some of the pile-dwellings showe^b 
moreover, that there had been in course of time as many as 
three distinct structures rai&eti the one uj>on the substructures of 
the others. Tfie animal remain-t and the flint implements found 
in the Mns l>elonged to the Bronze Age. M. Castelfranco’s 
summary is worthv of the careful attention of our most distin- 
guished palneontologistH, while the important facts which he 
adduces appear to warrant the interesting conclusion that in these 
paluslnnc habitations of Northern Italy we have the mo^ ancknt 
Italian stations of the tribes, from whom descended those 
prehistoric peoples whose occupation of the country is attfsted 
by the celebrated cemeteries at Villanova, Bologna, &c. , ,whjich 
belong to the earliest period of the Iron Age. M. Figorfoi 
believes that the civilisation of the palustnue and 
dwellings --the Urrman oi Northern Italy— is identical 
that of prehistoric Hungary, which graclually penetcat^ to 
Central Europe by the Xlanube and its great afftwents, the Drave 
and the Save, hut never advanced to the western dislricts of 
France, or to Britain, where there is no trace of any Itnit 
lacustrine pile habitations. 


SOCIETIES AND ACADEMIES. 

Lonbom. 

Entomological Society, September 4,-^Camaio 
Klwcs, Vice- President, in the chair.-»Frof. C. H. Fensald sm 
Mr.‘ C. J. Fryer were eleoted Felfows ; and Prof, C* V. i|^y 
and Dr. A. S. Packard were admitted into the 

T. Baker exhibited two remarkably dark specimens of 
iigMftri taken near Llangollen.— Dr. P, B. Mason exhibited^fad 
remarked on a collection of Lepidoptera which he had 
made in Ictrland. The following s^cfosi amongst o^am, wm 
repfoseated, viz. i^Crympdti^xulh^ i>i^kissna prpnuk^ 

/VfMJfia lariHim €asia% Eupiih^fckt 

Mchnippe Cprmia and CVaas^ 

.The E«y. pr. Walknr also ealuWted a 
l^epido^era, ldptef% Md Hymeneptmr vecehtly cbffeotip # 
hlmseir in IcelahdU^Mr. W. 'White exhibited* on Wljr* 
G; C. GriflSths, a specimen oi 
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!II^%14IW he betl^v^Kl to be lierniftpliiiticiUe, lie also ex- 

for a of rhe Saln<^ stMkiias. A dU- 

euMtoA on hermapHi^ditiam enMUed, in whien Mr. Distant, 
Captain ^twes, Mr. McLachlon, and Mr. liaWer took part. — 1>. 

S exhibited specimens of Cphra^tm Inters and fungicolay 
, and staled that they are the sexes of one species* C. iuinn 
befitfft the ttltale, C funptt>h\ the female. In worklni^ through 
the Cetfitid American Qyeh^ikinU he had found that in some 
gfenem the xnfdcs diOerra greatly from the females in size and 
sculpture ; but this waa not a constant charnctei'> for in some 
sjwcies, while certain males scarcely differed from the females in 
these vcspecis, others were so dirferent that they would scaicely 
be neoeipiUud as belonging to the same species. ’-^Mr. E. A. Builcr 
exhibit^ tpectmem of FhlymHopim umiatus, from Ewhurst, 
Surrey. Tie rematked that the sjjecies was recorded as having 
Ijeen once previously taken near l*Jymouth by the late Mr. J. 
Scott,— Mr. Ct. T. Baker reati a pairer entitled On the distri- 
bution of the Charlonia group of the genus Anth<K'hansF Mr. 
Baker stated that the R}>ecies of this small division of the genus 
Anihocharii formed a very natural an<l closely allied group, 
presenting many points of interest, both in their relationship 10 
each other, and in their getjgraphical distribution, which ex- 
tended from the Canaries on the west to the Valley t>f the Indus 
on th® east. The author’s theories ns to the causes of the pre- 
sent dUlribution of the group, which were based on geological 
data, were discussed by Captain Elwes, Mr. Me Lachlan, Mr. 
Distant, and Mr, Staiuton. — 'fhe Chairman read a paper en- 
titled “On the genus Ar^ums/' which gave rise to a dbcussi. n 
m which Mr. l3istant, Mr* Jenner-Weir, and Piuf. Riley look 
part* 

SVDNLY. 


Royal Society of New South Wales, August y, — Sir 
Alfred Roberts, Vice-President, in the chair. — The Chabman 
announced that the Council had awarded the Society's bronze 
medal and a money prize of £2$ to the Rev. John Mathew, 
Coburg, Victoria, for his paper upon the aborigines of Australia : 
also that the Clarke Memorial Lectures would be delivered to 
the members of the Society by Mr. C. S. Wilkinson, Govern- 
ment Geologist, as follows j (l) on the geological researches of 
the late Rev. W. B. Clarke, P'.U.S., S. Stutchbury, and other 
early Australian geologists, November 13 ; (2) on the geology 
and ancient life-mstory of Australia, November 20 ; {3) on the 
economic geology of Australia, Noveniljcr 27. — The following 
papers were read : — On the source of the underground water in 
the western districts, by tl. C. Russell, F. R*B. ; on the eruptive 
rocks of New Zealand, by Capt. F. W. Hutton i on the applica- 
tion of prismatic lenses for making normal* sight magnifyirg 
apcclncles, by Mr. P. J, Edmunds ; flying- machine memoranda, 
by X4iwrence Hargrave. 


Paris. 


ACAdemy of Soiencet, September 23 — M. Des Cloizeaux, 
Pmsidenr, m the chair, -^Interaationai Congress of Chtoiio- 
; International Confess of Applied Mecbtuiics, by Mr. 

The former, at his instance, expressed the deafrabiltiy 
of ihomagh experlmenta, at Gotemment expense, to dtfteirmine 
how compensation is affected by the nature of metah and alloys 
. used ior spriittsand balance wheds* aod the vaHous types of the 


latter. Tan other Congress rntpressed a sbntlar w'hh for the for- 
tuation of testing labc^ories for materhds and machines, and 
for an International Commission lo dx unUs and imifomize 
methods; it also peOpoaed deMdoas of the terms used in 
me^anios. M, Mascart cnHed attention to the faor, that, while 
the Proposed unit of power, the was too kgtn. per 

eecobd, the electricians^ hUmmt was loi kgm. per second. M. 
Berthelot objected to proper dames behkg aiod for abstract units, 
-^OSR analysis of the light dlffbeed by the skvi by M. Cebva. 
He made obeervatione on the top of Mont Ventoox* With a 
tnodiM of hi< spectr^botometer, which could be direoted 
to amt p«R of the sky. The ewryw for zenithal light (alone 
eadiamS) show a prvdomittnnee of the more refrangible radia- 
UMi jkini^ diminisliintt tomydd midday, then increa^ng 
tdvHMl ehnset ; but not reaching, in homologous hours afrer 
ho^r the iame wtlnes ak in the morning. The came ihuy 
ndial^y bbin day to d«^, wid:i the state of the atmosphere. Hu 
* - r SO what fbel^ is bluer tbirntbe db^dt sun- 

f t of the sky otliontpcUler.— The Emperor of 
Ity tekgeain, on obeervadon of globular light* 
f ^September id.— Observationsof Davidtotrs comet, with 


the bent equatorial (o‘35 m.) of I yons Obfervatoiy, by M. Le* 
Cadet— Oh nerval ions oi Bj t'pk>.'.s comet ami Its cempsnion, by 
the BBttie. The nebulosiiy of the Cimranicn was tJongsled in 
the line .of juAetton, and, at timej*, reemed to join the oriier. — 
On the determination of iniegials of cerlain equations with 
partial derivatives by ibeir values on a conb ur, by M. E. Picard. 
— I hysiologieal Ves catches on hydrocyanic acid, lyM. N. Gi^- 
hant. DintiAfrhing the foicc of the poison by dilution, ^kc., he 
found (fA dogs and frogs), the he art- beats persi^^t after the re- 
spiratory movements (gradually) stopped.— On the phosphor- 
escent infection of TnlUrus and other Crustacea, by M, A. Oiard.^ 
On examiniiw microscopically a brightly phosphorescent TaHtrvs 
he found walkiAg slowly on the beach (instead of leaping bkc its 
companions), he traced the light to bacteria in its muscles, which- 
wore greatly altered* He inoculated other individuals (both’ 
TuiUf’us and Orchtitm) with blood containing these microbep, 
and produced the disease with entire success. The laboratory 
cellar had quite a “ fairy-like ” aspect in the evening. The inocula- 
tions were continued to the sixth (luminous) generation, without 
attenuation, apparently, of the microbes* action. The disease 
folio W.S a regular course ; and the animal dies in three or four 
days, the phosphorescence lingering some hours after death. M. 
Giard also inoculated crabs successAdly, and will describe results 
later. — On the metamorphosis and the migration of a free 
Nematode i^Fhabditit oxyuris^ Cls.), by M. R. Moniez, This- 
animal is common in cow's dung. Voung individuals fix them- 
selves to the carapace of an Acarian (sometimes as many as sixty 
on one), by a chitinous plate (sctrcled from the anterior party 
and short sttm ; then the tissues and organs shrink together from 
the tiansyarent ►kin, foiming a smaller ovoid body. When the 
dung diiea, the Acarian, with these new* lorva; on It, aitcchea 
itself to some Insect, and is conveyed to fresh dung, where new 
transformations doubtless take place (not followed by the author). 
This was observed in August. On the probable cause of the 
frondal bifurcations of ferns, by Dnm B, Rimelin. "When one 
of these anomalies Is met with, others may gencialJy be found 
quite near, 'I'hc author thinks they must be due to lungi, c g, of 
the family of Uredinene ; basing this induction on the distased 
look where they arc numerou®, reproduction of the anomalies 
from .son of those divided ferns (considered with the fact that 
some parasitic fungi ►peciolly affect the organs of rcprodurtionl, 
&c. — Recent eruptive rocks of the Western Pyrenees, by MM. 
Seunes ahd Bcaugey. 
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THE SCIENCE COLLECTIONS AT SOUTH 
KENSINGTON 

T he English, like their American cousins, are a re* 
markable people, and in nothing more remarkable 
than in their toleration of incongruities. 

They are gradually amassing at South Kensington an 
art collection which has but few rivals in the world, and 
the approach to it is shadowed by architectural nionstro- 
sidcs which, if regard is bad to their position, are 
absolutely unrivalled. Within, they visit with apparent 
pleasure a hall decorated by the hand of Sir Frederick 
Leighton, and filled with the most exquisite masterpieces 
of Oriental art. Without, they are satisfied with the 
Brompton boilers.’" 

They concentrate, during a quarter of a century, col- 
lections to illustrate natural history, the physical sciences, 
and art, on one spot. They make it the head-quarters 
of State- aided education in science and art. Under the 
highest auspices a building is growing there, in which 
the products of the colonies are to be displayed to view. 
Close to it Stands the Central Institute of the City and 
Guilds of London for Technical Education. Thus, in 
their own peculiar way, by apparently disconnected steps, 
and under the matmgement of half-a-dozen independent, 
authorities, they evolve the noble idea of a great centre 
in which collections of all that is interesting, beautiful, 
and useful in the historyand present applications of science 
and art shall illustrate, and be illustrated by, the re- 
searches and teaching of men like Profs. Huxley and 
Flower. They arrange a scheme by which the benefits 
are not confined to the metropolis only. The collec- 
tions are circulated through the provinces, and pro- 
vincial teachers are brought to the collections. Having 
done all this, they leave it in the power of one of the 
authorities— a set of irresponsible Commissioners— to cut 
into the heart of tlie site thus dedicated to science and 
art, with rows of stucco “mansions,” 
lljey house their natural history collections in a palace, 
and place its management in hands which have made it 
a. palace of delight. They store invaluable collections to 
illustrate the progress of science and technology in sheds 
which are barely water-tight, and liable to burn like a 
tinder-box. They rely for their arrangement upon the 
“good-nature” of Professors of whose formal duties it 
forms no part, and upon the patriotism of men like Mr. 
^ A. Cowper, who, rather than see a good thing left 
undtfoe, are willing, at great personal sacrifice, to do it 
^^seivea. Lastly, they leave questions as to the success 
pi this haphazard system to be raised, not by some 
teccupiuted scientific authority, but by the Treasury 

fortunately^ as is so often the case in England, the 
lisidite ar^ the syttem. The suggestion that 

a gre^ collection of scientific appamtus should be formed 
Kensington was made by the Duke of Devon- 
,^iimieaission. tht ideal to be aimed at was defined 
ap>|>bint«d by the Science and Art 
tinder Chairmanship of Sir Frederick 
^ ' ToL JUL.— Np. I04L 


Bramwell. The Treasury, however* alarmed by “com- 
plaints of want of space in the galleries,” recently deter- 
mined to reconsider the matter for themselves, and 
appointed another Commission, which was, as it was 
doubtless intended to be, a very strong one. Had the 
Report, signed by the Treasurer of the Royal Society- 
Dr. Evans — as Chairman, by Lords Rayleigh and Francis 
Hervey, by Mr. Bernhard Samuelson, by Sir Douglas 
Gallon and Sir Henry Roscoe, been adverse to the prac- 
tical results attained by the collections, apart from the 
system under which they have been achieved, their 
opinion would doubtless have been regarded as con- 
clusive. As it is, the Treasury will now have to bear in 
mind the following, which it will perhaps regard as in- 
I convenient, facts. 

The Commissioners were asked “ whether there are 
any duplicates or other objects no longer essential to the 
value and representative character of the collections, 
I which might be removed in order to provide additional 
I accommodation for new objects of greater importance.” 
i They reply that “ little, if any, space can be gained by 
I weeding the existing collections.” 

! They were requested to “ investigate the existing prac- 
tice of circulating scientific objects on loan to museums 
and schools so far as it afiecta the question of accom- 
modation for storage or exhibition purposes at South 
Kensington.” They reply that the space used for such 
purposes “ has no practical bearing as to the housing of 
the collections.” 

They were not explicitly asked as to whether the exist- 
ing museum accommodation is or is not adequate, but 
they assert that the question cannot be separated from 
those which were referred to them, and they recommend 
that, instead of the 60,000 square feet at present occupied, 
“ an exhibition space of about 90,000 scjuare feet should 
be provided without delay” in order to secure “a 
creditable Science Museum.” 

They also assume that this space will be covered with 
buildings “ well arranged, well lighted, and of a durable 
character,” a series of conditions which, as is evident to 
the casual visitor no less than to the Commissioners, is 
not fulfilled by some of those at present in use. 

In short, the South Kensington Museum contains only 
objects which ought to be exhibited, in buildings no/ 
suited for their preservation and exhibition, and in space 
so cramped that it ought %vithottt delay to be increased by 
50 per cent. 

The Report was very well received by the daily press, 
and is certainly justified by the facts. It now only 
remains for public opinion to urge the Treasury to 
carry out the recommendations of its own Commission. 

The Museum appears to be appreciated by the general 
public, and even to compete with the Natural History 
Museum on more equal terms than could have been 
expected During tlie last four years there has been a 
steady increase in the number of visitors. In 1888 the 
Science Museum was inspected by 259,588, and the 
Natural History Museum by 372,802 persons. 

Teachers ui^er the Department are allowed, with 
certain reasonable restrictions, to bring their classes to the 
galleries, and to have the apparatus taken out of the 
cases for their inspection. The number of visitors who 
have thus had the oases opened for them, or in other ways 
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566 NATt/RM \pci. ixx, t 9 S^y 


h^^vt received special assistance in the galleries, hes 
risen from IH in 1880 to 1687 in 1888. The number of 
glasses which have had the advantage of instruction ilJus-* 
trated by the a|}paratus which their teachers have been 
a](lowed to handle and to demonstrate, has incjneased from 
7 in 1880 to 81 last year. 

Every year 600 science teachers apply to be allowed to 
attend the summer courses held in the Normal bchool of 
Science. From these 200 are selected, and not only are 
the lectures which they attend illustrated by means of 
objects contained in the Museum, but they are able to 
inspect typical collections of apparatus, ready set up 
and arranged for the fperformance of the experiments 
which the) are recommended in the Directory of the 
Science and Art Department to show to their classes. 

It appears, then, that the full use of the galleries i$ 
not hampered by unnecessary restrictions. Fermi isicn to 
handle the apparatus is a privilege which docs not suggest 
red-tape. Every effort is made to enable provincial 
teachers to share the advantages which may be reaped 
from the Museum, and it is casting no discredit upon the 
admirable provincial colleges which are springing up in 
our large towns to say that even a country like England 
could not gather more than one such coilectipn as that 
which is being formed at South Kensington. Let us 
hope tliat the Report of the Commission has made it cer- 
tain that, to* the benefit of both town and country, the 
development of the collection will be promoted, and that 
before long it wftibe properly housed. 

Although, however^ the management of the Museum 
to have been satisfactory in practice, the Com- 
ixu^liloners again travel outside the exact terms of 
reference to them, to express an opinion that the organiza- 
tion of the staff in charge of it rec^^uires revision. One of 
the Professors was specially examined on this point, and 
hia opinion appears to closely in accordance \dth the 
terms of the Report. 

, At present the for the tj^lections lies prim- 

with the Ldr^' Prudent, and ne^t to with the 
the Secretary to the Scieiiice and Art 
It is but one of the many proofs - which arc 
often overi^^ed or ignored— of the ability with which the 
t)epartment has been administered, that the Commits- 
sioners find no the present state or futme aims 

of the Museum- it i^' ho^ever, impossible that collections 
so varied should be controlled without the help of ex- 
perts, and, as matters stand, this assistance sought in 
a more or less informal way from consultative Commit- 
tees who have no r^al authority and no official responsi- 
bility. The teults attained in some sections have been, for 
the most part, due to volunteers like Mr. Cowper, who 
has acted on several Committees of advice, and done the 
lion’s share of the work, so that he **has been*'— to 
quote his own words-^^* familiar with every one of the 
macblnes in the Department.'^ The collections of scien- 
tific instruments are supervised by the Professors of the 
Nonnal School, whose advice is given subject to the 
lUniutions just described. 

U would be prematureto discuss the details of a schetne 
by whidi these arrangements might wkh advantage ^ 
superseded. A hearty ateirat|4m for rite work which has 
been accomplished and fpr the ability of the olficers of the 
DoiMMtmenf tthder wha§^ aulhority it has boon carried oai 


is, however, compatible with a no less hearty assent tojtho 
opinion of the Commissioners that (he system is de^ 
fectivc in principle, apart from the personal quaUrics of 
those working under and that the responsiWllty for 
the formation and supt^ision of these collections should 
certainly be of a more definite kind." 


Darwinism, Hy Alfred Kussel Wallace, LL.D.y F.R.S* 
(London ; Macmillah and Co., 18S9,) 

T he object of Mr. Wallace in writing the admirable 
work which he has published with the title oi 
“ Darwinism " has been “ to give such an account of the 
theory of natural selection as may enable any intelligent 
reader to obtain a clear conception of Darwin’s work, 
and to understand something of the power and range of 
bis great principle." No one has so strong a claim as 
Mr. Wallace to be heard as exponent of the theory of 
the origin of species, of which he is— with Darwin — the 
Joint author. He has produced a thoroughly readable 
book, condensing into an octavo volume much of the 
speculation and description of important facts which are 
contained in the numerous volumes published by Darwin 
himself, and in the essays and occasional contributions of 
subsequent writers. Besides this, Mr. Wallace’s book 
contains an exposition of highly important and interesting^ 
viev^ of his own on subsidiary matters, which have either 
not been published previously or hgve appeared in a 
scattered and more or less inaccessible fornu Conse- 
quently, the book is one which has interest not only for 
the general reader, to whom it is primarily addressed, but 
also for the more special student of natural history. The 
latter will find in its pages an abundance of new facta 
and arguments which, whether they prove convincing or 
not, are of extreme value and full of interest. If we 
attempt here to point out some of the shortcomings of 
Mr. Wallace’s treatise, it is not from any desire to 
minimize its value and interestj^but rather an acknowledg- 
ment of the weight and sigmfecanc^.^ lOfif a work on so 
important a subject by so specially coi^^tent an authbr. 

Mr. Wallace’s book necessarily amto, in comparison 
with the works of Darwin himself, by the limitalion of 
space. It is in consequence of this compression that wt 
miss in the new statement by Mr. Wallace that Oxttar 
ordinary cogency or power of convincing which so dis- 
tinguished the writings of Darwin. With Darwin One 
becomes accustomed to see no speculation put forwardi- 
no step of an argument adviced, unless there is an 
overwl^lming weight of testimony in its favour s filets W 
cited in astonishing abundance, and at the same rime the 
convitption establishes itself thgt the author has reserve 
.of as rich as those of which he makes 
fiurd^/that he is so scrupulous and so modest thjXt 'h^ 
wiU ii^et aslc his reader to accept a conclusion, hbmVi^ 
trivial, irithout stating fairly the amount of eridened ioTl 
and against such conclusion. Mr. Wallace; is prevent^ 
by the scqpe of his work from SttCh tmatipfmt of 
subject. As a resi^, his conduirions often 
(when they may not he so^ btaiied cm Very 
evident, and his staument m^gre. 
nqvcr tiie of the | 
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An introduction to the study of that and the 
<!rt;itW^0rks of Darwin— the value of which, not only as 
of flsct and suggestion, but as classical models 
<tf; jcieoadtk discussion^ cannot be^ over-estimated, and 
iViH probably never l>e surpassed. 

In his preface, Mr. Wallace, through a misconception 
iVhich is perhaps explained by the retired life which he 
^oys— makes an attack upon what he calls ** the modern 
achool of laboratory naturalists.’^ He states that these ‘ 
persons seek to minimize the agency of natural selection 
and to subordinate it to laws of variation, of use and disuse, 
of bitelUgence and heredity. He commends, as leading 
to truer views, the study of the external and vital relations 
of species to species in a state of nature - a study which 
Semper has called ^ the physiology of organisms,’’ and 
1 have proposed in the article Zoology ” in the Encyclo- 
paedia Britannica to call “ bionomics/' Now though there 
is no doubt an increasing number of younger students who 
have little or no interest in Natural history beyond what 
is derived from the contemplation of ribbons iSf sections 
dyed like Joseph’s coat, yet it is going too far to that 
they have in any sense formed a school. And further, if 
we endeavour to estimate the influence on naturalists of a 
considerable devotion of time to the study in the labor- 
atory of histology and embryology, physiology and 
morphology, we shall be led to the conclusion that this 
study has been associated with exactly opposite results 
from those attributed to it by Mr. Wallace. WhpiA*’^ 
they who seek to nsj^mize natural selection and tp set 
up the false gods m variation, use and disuse, &c. ? 
Certainly not laboratory men. Is the Duke of Argyll a 
Laboratory naturalist? Is Dr. George Romanes? Is 
Prof. Cope? Are Mr, Herbert Spencer and Prof. Patrick 
Gfiddes ? 1 venture to say they are not ; yet they are the 
authors with whom Mr. Wallace has subsequently to 
contend when he mainuins that the selection of con- 
genital variations by natural selection is an adequate 
theory of the origin of species, and requires no aid from 
Lamarckism, Copism, or fther interlopers. Who arc 
they who agree Mr. Wallace in this contentloo ? 
Precisely *Mab<n!|ih£% ihicn,” who are, however, by no 
means taboratpl'f men, but, like Darwin himself, 
search for their material in the garden, the held, the sea- 
fhoref or the sea-bottom ; and as a part— but only a part 
their study of it eventually bring it to the laboratory^ 
Such a laboratory naturalist" is Weismann, whose 
•ftays and memoirs in favour of the identical view main- 
tahaad by Mr. Wallace, aj^ear to have escaped his 
until vpry recently. 1 presume also that I may 
ctahh to be a Iaborat(My naturalist ; and yet four years ago 
I launul it necessary, in lectures delivered at the London 
tpetHutiQn^ to discard even tha^ tincture of Launu^sm 
Darwin had admitted, and to advocate 
on the ground that the 
devoid of experimental basis, and in 
^ ^ncipal 

It i$ true, as 1 have elsewhere 
there am not at preaent such fadlhw for 
|]^ 0ludy of Monomics as are provided in our laboratories 
^ hiatolQgy^ mbmlogy, nmrphcgraphy, 
and chamistiy of Jiving hod^ fiat It 
the cMm of spocuhM;iOps, to which 
ia -Mth iramlng* Tblu, 


indeed, in virtue of its tending to bring speculation to the 
test of fact, is favourable, and often directly conducive, to 
the study of the external and vital relations of „ species 
to species in a state of nature/' or in one word ** bioiio- 
mics.” I will only cite as instances Bateson's researches in 
Tartary, Caldwell’s in Australia, Poultoii’s experiments on 
insects, and Moseley’s Notes of a Naturalist on the 
CJkai/fn^eK^ 

Mr. Wallace's plan of treatment of his subject is an 
excellent one. After a brief statement of what naturalists 
have understood by the word ** species/' and a lucid 
exposition of the views Of the earlier transmutationists, 
he enunciates Darwin’s theory. He then proceeds to 
show, by citing a wide and comprehensive array of facts, 
that the foundations of the theory are secure. In one 
chapter he describes the rapid multiplication of organisms 
and the consequent struggle for existence ; in further 
chapters the fact of variability is shown, by an appeal to 
instances, to be one of the widest and most general 
character ; in another chapter the facts of heredity and 
selection arc brought forward. Then follow discussions 
of ^‘difficulties and objections/' liybridity, the origin 
and use of colour in animals and in plants, geographical 
distribution/* the geological evidences of evolution, the 
fundamental problems of variation and heredity, and, 
lastly, Darwinism applied 10 man. 

The chapter on “ Variability of Species in a State of 
Nature" is one on which considerable pains has been 
expended. It presents some of the facts of variation in 
a very striking manner, and provides us with a number 
of well ’Studied instances which have not before been 
accessible to naturalists. A method followed by Mr, 
Wallace is to take any large collection of a single species 
and to measure various parts, such as length of head, tail, 
limb, &c. As he observes, it is very important to convince 
ourselves that variation does occur in a state of nature, 
so tliat natural selection has the tnaterial to act upon. 
He considers that the instances which he brings forward 
show that range of variation is larger and mqrp general 
in a state of nature than is usually assumed, and that it 
is clear that Mr. Darwin himself did not fully recognize 
the enormous amount of variability that actually exists." 
Whilst admitting the interest of Mr. Wallace’s present 
contribution to this subject, I think it is clear that he 
has failed to make a distinction which is desirable and 
important, viz. that between varieUiom exhibited by adult 
specimens and the vari/^biWy presented by the young of 
any given species* After all, the specimens of lizards and 
bii^s, of which the measurements are given to us by Mr. 
Wallace, only comprise such individuals as were ioo 
wideiy divergent from the parent form to survive to 
maturity under conditions which select more or less 
closely a given specific set of characters. What one would 
like to kpow Is the actual range of variability as shown 
by the artificial tearing of aii the offspring of a single pair. 
With plants such a study of variation is practicable, but 
less so with animals. Variation includes those extreme 
cases which are Called ‘‘ monstrosities," and it is by no 
means sextain that natural selection would aiways exclude 
these eserente coses from survival The facts of variation 
under dkimesticatioii are more to the point, in so far as 
the range of congenital variability is concerned, since In 
regard to a limited number of animals and plants we have 
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removed the primary sifting of young forms. This sifting 
must occur under natural conditions, so as to allow only a 
limited range , variations to reach the collector in his 
museum. Clearly enough, this primary sifting, and all 
later operations of the same kind due to natural conditions, 
may under new circumstances be vastly modified in their 
nature, and variations may be allowed to pass the sieve 
which at another tiihe are excluded. The range of varia- 
tion, therefore, in even a very large museum series of a 
wild species, can afford but an inadequate notion of the 
variability of animals. We may, however, justly conclude 
that, if the former is so large as Mr. Wallace shows it to 
be, the congenital variations which occur, but never in 
given conditions reach maturity, must comprise instances 
which are very much more marked, and would furnish 
abundant material for natural selection were the natural 
conditions of the species to change. An attempt to de- 
termine by exi>erimental rearing, the range of congenital 
variation (that is, of possible adult variation) in such 
animals and plants as are fitted for the inquiry, seems to 
be well worth making. 

Mr, Wallace, who must have watched the early cri- 
ticism of Darwin's theory with special keenness, makes 
a good point when he insists that the objection that it is 
difhcult ** to imagine a reason why variations tending in 
an infinitesknal degree in any special direction should be 
preserved" is a quibble. Darwin never used the word 
** infinitesimal," but spoke of variations being " slight" or ! 
of small amount," and we agree with Mr. Wallace that j 
even those terms are open to the objection that they may I 
seem to imply that congenital variation is of less range 
and frequency than it really is. 

Naturally enough, Mr. Wallace is not equally thorough 
in his treatment of each of the various difficulties and 
objections” which he discusses, but the chapter thus 
headed gives an interesting summary of the present state 
of opinion. Among the matters discussed are the sup- 
posed smallness of Variations, the doubt as to the right 
variations occurring when required, the beginnings of 
important organa, useless or non-ada^tive characters, 
the instahiiity of non-adaptive characters, the swamping 
effects of intercrossing, and the effects of isolation. In 
some of these instances Mr. Wallace's reasoning is very 
clear and forcible; in other cases it is much less so. 
Mr. Cunningham has already pointed out, in a letter to 
Nature Quly 25, p. 397) a curious slip on Mr. Wal- 
lace's part in his explanation of the gradual development 
of the twisted condition of the head and eyes of flat-fish. 
Mr. Wallace declines to admit the transmission of ac- 
quired characters as a cause of variation and progressive 
development ; yet, apparently without being conscious of 
it, he attributes the movement of the eye of flat-fish from 
one side of the head to the other, to the transmission of 
a series of slight shiftings of the eye acquired in succes- 
sive generations by the muscular effort of the ancestors 
of our present flat-fish, which is (to use an expression 
already known to the reaftiersof Nature) ** flat Lamarck- 
ism." In relation to thfs, 1 may mention that the asym- 
metry of the Gastropod Mollusca, the forward position 
of the anus, and the twisted condition of the nerve^lpop 
in the Streptoneurous division of that class, had been 
Similarly attributed by myself to the cumulative efibct of , 
a mechanical cause — the one-sided lopping of the shell- 


operating in successive generations. Like Mr. WaHaeOi 
1 had failed to notice that the explanation adopted was 
an admission of Lamarckism. It seems to me posatMe to 
explain the position of the flat-fish's eye by the Selection 
of congenital variations, since there is no doubt of the 
advantage to the animal of having its two eyes on Ihe 
one side of the body. But I confess that the Gastropods 
at present have not been satisfactorily explained. 1 have 
not been able at present (and I say at present advisedly) 
to find any evidence of advantage to the Gastropod in 
the torsion of its visceral hump, such as would justify 
the supposition that a monstrosity presenting this con- 
dition in full development was favoured by natural selec- 
tion ; still less does it appear how the steps of a gradual 
torsion — that is, a series of approximations to complete 
torsion — could 1 ^ advantageous. It does not follow that 
we must [admit Lamarckism ; but merely that we must 
further examine Gastropod habits, structure, and deve- 
lopment with this problem in mind. 

Mr. Wallace docs not, in my judgment, give sufficient 
grounds for rejecting the proposition which he indicates 
as the main point of Mr. Gulick's valuable essay on 
“ Divergent Evolution through Cumulative Segregation." 
By the bye, Mr. Gulick is one of the heretics who attribute 
some part in the production of species to other causes 
than natural selection, yet he is not a laboratory naturalist, 
but one who, sitbstituting land-shells for butterflies, has 
precisely the same foundations and training as Mr. 
Wallace himself. Mr. Gulick's idea if that there is an in- 
herent tendency to variation in certain divergent lines, and 
that when one portion of a species is isolated, even though 
under identical conditions, that tendency sets up a diver- 
gence, which carries that portion further and further away 
from the original species ; or, in other words, no two 
portions of a species possess exactly the same average 
character, and the initial differences will, if the individuals 
of the two groups are kept from intercrossing, assert 
themselves continuously by heredity in such a way as to 
insure an increasing divergence of the forms belonging 
to the two groups, amounting to what is recognieed as 
specific distinction. Mr. Gulick's idem is simply the recog- 
nition of a pemanence or persistency in heredity, which, 
cceteris paribus , gives a twist or direction to the variations 
of the descendants of one individual as compared whdi 
the descendants of another. Ireland is cited by Mr 
Wallace as an evidence that isolation has not been effec- 
tive in modifying specific character of plants and animals. 
If, however, unlike Mr. Wallace, we may look upon man- 
kind as subject to the same developmental causes, and 
only to the same causes, as animals, then Ireland would 
seem to be a very interesting case of the production of 
divergent character by isolation. All parties are agreed 
that, whatever value is to be assigned to the fact, ihc 
human inhabitants of Ireland, whether of Celtic or Teutomc 
ancestry, exhibit characters which are 
those the inhabitants of Great Britain, and^ without 
going into details, we may say that the isofadon and 
persistence of an original tendency seem to be tjbe tmly 
explanation of the divergence. 

The subject of ** conelated variations ” is bui 
touched on by Mr. Wfi^ce, and Us immenfe 
In relation to thf whole of useless 

useless characters of growth atid struCIsufe is net 
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ibnvard^ m )t was by Mn Darwin. It is true that we 
Imbw little about the physical basis of correlated variation, 
ire therefore open to hostile criticism when we take 
refuge in an appeal to it as an explanation of phenomena. 
The truth is that correlated variation is as important a 
property of living matter as heredity and variability them- 
eelves. It may be formulated thus ; “ Every departure 
from the parental form of any given part of an animal 
or plant is accptppanied by a definitely correlated and 
often a commensurate departure in other parts remote 
from it/' The possibilities thus introduced are simply 
gigantic — a new factor is brought in which extends the 
results of simple variation and selection indefinitely. In 
the future the laws and limitations of correlated variation 
will no doubt be determined. At present our knowledge 
of them rests where Mr. Darwin himself placed it. Both 
Mr. GuUcVs doctrine of persistent hereditary tendency, 
and that of the immense capacities of correlation in 
variation, commend themselves to the mind of a labora- 
tory naturalist who is accustomed to conceive of vital 
phenomena as mechanico -physical affections of a living 
-substance, viz. protoplasm. They are, on the other hand, 
less valued — perhaps insufficiently — by Mr. Wallace. 

In his chapter on the infertility of crosses, Mr. Wallace 
treats at length and with admirable effect a very important 
subject, as to which he is full of ingenious novel sugges- 
tions and apposite facts. His criticism of Mr. Romanes’s 
essay, entitled ** Physiological Selection,’’ appears to me 
to be entirely destructive of what was novel in that 
laborious attack upon Darwin’s theory of the origin of 
species. 

The chapter on the origin and uses of colour in animals 
is that which will be most interesting to the general reader, 
and is indeed a charming essay, illustrated by numerous 
woodcuts. Here Mr. Wallace sets forth at length his con- 
vincing argument as to the use of colour as a means 
of recognition among animals, giving many examples— 
amongst others, that of the white patch on the rabbit’s 
tail. In conjunction with his theory of the importance of 
the principle “like to like*’ in the segregation of varieties 
and the consequent development of new species, great 
significance must be attached both to the nervous 
orgatiiiation, which makes recognition possible, and to the 
markings or other characters which are recognized. A 
very interesting discussion of Mr, Darwin’s theory of 
sexual selection occurs in a subsequent chapter. Mr. 
Wallace, whilst admitting some of the effects of sexual 
aetection recognized by Darwin, is not able to follow him 
in attributing to it the brilliant colours of birds and 
butteries. Mr. Wallace attributes the deeper or more 
intepkee colouring of the male, which often occurs, to his 
^gtwer vigour and excitability.*' The female in many 
groups retains the primitive and more sober colours of 
the group for purposes of protection. The occurrence of 
C0W# itself in patches and lines is attributed by Mr. 
WAloCe (following the late Mr. Alfred Tylor) to the dis- 
tribofekm of subjacent nerves and blood-vessels, which 
fetlpw,! like the colour-patches, in the main, certain lines 
dot^mmed by the general structure* Mr. Wallace seems 
to succeeded in showing thkt Darwin's 
of sexual selection is inapplicable to the explana- 
^ W special developtnants of colour add ornament, 

; ha has sugge^d additional cau^s which 


i influence the primary distribution and development of 
[ coloitt. 

We have not space to speak of subsequent chapters on 
colour in plants and on geographical distribution, con- 
cerning the latter of which subjects Mr. Wallace speaks 
with^cvery title to respect, and suggests some novel views. 
On the '' Geological Evidences of Evolution ” as well as on 
the “ Fundamental Problems” of variation and heredity, 
he is less satisfactory. In regard to the latter, one 
chapter is altogether an inadequate space in which to 
deal with such an array of antagonists as Mr, Herbert 
Spencer, Dr. Cope, Dr. Karl Semper, and Mr. Patrick 
Geddes. Mr. Wallace has barely space to do more than 
state his opponents’ views, and to give a rapid summary 
of reasons for his dissent, without sufficiently establish- 
ing those reasons. This will be especially regretted by 
those who, like myself, agree with Mr. Wallace in his 
rejection of Spencer’s and Semper’s Lamarckism, and 
are unable to attach any serious value to the speculations 
put forward on this matter by Dr. Cope and Mr. Geddes. 
The translation of Weismann’s Essays,” which appeared 
coincidently with Mr. Wallace’s book — although many of 
the essays have been for some years familiar to readers of 
German — supplies that more solid treatment of the sub- 
ject which is desirable. It is satisfactory to find that 
justice is done by Mr. Wallace to Mr. Francis Galtoii, 
whose views on heredity, arrived at by a special method 
of inquiry, are closely similar to those arrived at on other 
grounds by Weismann. 

Prof, Sem peris work On the N*at viral Conditions of 
Existence as they affect Animal Life” is duly mentioned 
by Mr. Wallace, and he does not fail to notice the 
striking fact that in this interesting volume the author 
entirely fails— as I pointed out in Nature when it 
appeared— to adduce a single fact m proof of the 
Lamarckian theory which he sets out to champion. 

Of the American evolutionists Mr. Wallace justly says : 

“ In place of the well-established and admitted laws 
to which Mr. Darwin appeals, they have introduced 
theoretical conceptions which have not yet been tested 
by experiments or facts, as well as metaphysical 
conceptions which are incapable of proof.” They 
have, in fact, conspicuously abandoned the scientific 
method.** 

The words which Mr. Wallace has applied to the 
American evolutionists are, in the opinion of many, 
strangely applicable to portions of his own concluding 
chapter on ‘‘Darwinism applied to Man.” He here 
introduces us to a “ spiritual world ” and to “ differeiU 
degrees of spiritual influx.” Mr. Wallace is in the pe- 
culiar position of one who believes that he has ex- 
perimental evidence of the remarkable theoretical and 
metaphysical conceptions which he introduces. He 
boldly takes up this position, and we may be sure 
that he would not wish attention to be diverted from 
it. It remains an interesting problem for the future 
student of human faculty to reconcile Mr. Wallace’s 
wonderful ingenuity and skill as a reasoncr and observer 
concemiog animal life, with his views as to the so-called 
"manifestations” of spiritualists. 

Mr. Wallace's contention that the mathematical, 
musical, and artistic faculties of man have not 
been devdoped under the law of natural selection 
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must in lat-ge part be cDAeeded ’Whilst the earlier j 
development of these faculties may be explained as i 
due to natural selection, since some amount of each ^ 
may well been an advantage to the primitive 

man in his struggle for existence^ it is yet true that 
their sudden and rapid development to a very much 
higher level in civilised communities cannot be trailed to 
the struggle between man and man. It does not, however, 
follow that, because natural select^ u'ill not account for 
these extraordinary developmcntS^of the human brain, 
therefore we must have recourse to the assumption of 
supernatural agencies, Mr. Wallace seems so much con* 
vinced of the importance and capability of the principle 
of natural selection, that when it breaks down as an ex- 
planation he loses faith in all natural cause, and has re- 
course to tnctaphysical assumption. On the other hand, it 
must be contended that we know very little of the develop- 
ment, either in the individual or in various races, of these 
and other faculties of the mind. The formation of 
civilized communities has had the result of withdraw- 
ing the individual man almost entirely from the 
operation of natural selection. Such selection as still 
obtains operates by the struggle of communities rather 
than by that of individuals. Accordingly there is a 
possibility of the most useless sports" making their 
appearance, and even establishing themselves in human 
communities as hereditary qualities. Mr. Gulick’s notion 
that an initial tendency due to accidental vsuiation can 
increase and develop in succeeding generations, without 
reference to the advantage or disadvantage of the species, 
would assuredly be applicable, if anywhere, to the human 
mind in communities where individuals are no longer 
subject to natural selection, or only to a minimal ex- 
tent, and in relation to a few points of structure. Poes 
the luxuriant development of some Professor's mathe- 
matical faculty, as compared with the poor numerical 
conceptions of an Australian black, offer really any 
greater difficulty of transition than do the 9-feet-long 
tail feathers of gome Japanese barn-door fowls, as com- 
pared wilji the shorter feathers of other varieties ? That 
is a question which can only be answered by a more 
elaborate analysis of the nature of the qualities compared 
than has, so far as I know, been hitherto accomplished. 

E. Ray Lankesteu. 


GALTON^S AFRICAN TRAVELS. 

Narrative of an Explorer in Tf apical SautA Africa^ 
an Account of a Visit to Damara Land in 1851. 
BjrF. Galton. With Vacation Tours in sB 6 o and 1861, 
by Sir George Grove, F. Galton, and W. G. Clark. 
(London : Ward, Lock, and Co., 1889 ) 

T he editor of the Minerva Library has added Mr. 

Francis Galton*s Narrative of an Explorer in 
Tropical South Africa" to a library consisting only of 
works of the most widely-spread and lasting popularity, 
which have proved themselves worthy of a permanent 
place in literature." Had the stamp of popularity not 
been so precisely insisted upon as a title to admission into 
this particular series, it might have been his gracious task, 
now and then, to have rescued from oblivion a stray work 
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which had failed to Obtain recbgnUion fkom causes hi no 
way affecting its intrinsic merits. Books of 
instance, have often suffered from inopportune 
tian, and, being out of season, have failen flat and un- 
heeded ; whereas, if introduced a quarter of a century 
later, they would have been welcomed by an expectant 
public, educated for the occasion. But the condidon, aa 
it now stands, relieves the editor from a difiGcult and 
somewhat delicate responsibility, the a^j^uate disclifuge 
of which might well need the exercise' W more than one 
man's judgment and experience. Fortunately for ihe 
book under notice, it fulfils all the professed requirements 
of Mr. Bettany's prospectus. It presents quite a model 
m respect of style, and is essentially the production of a 
master mind. The writer lucidly recounts hi^ ^periences^ 
for the instruction as well as entertainment of hts readers, 
and the outcome of his labour is a success to himself and 
a benefit to his fellows. His narrative is interesting and 
well sustained ; his descriptive powers are manifestly 
considerable ; his appreciation of men and things, the 
animate and inanimate, is admirable ; and he is realistic 
to the legitimate extent of insuring credence for a record 
of personal adventure not untinge4i#Uh romance. 

Independently of these considerations, however, there 
is another reason why the reproduction of Mr. GahonV 
book at the present hour is practically useful. He treats 
of a particular section of Africa which has hardly received 
its fair amount of attention from the politicians and 
geographers of Europe, when discussing the great 
pailition question of the day. The Congo has had the 
lion's share of solicitude as regards the western ceast- 
line ; while the spirited and intelligent action of the 
British East African Company, and movements of rival or 
contemporary Companies, have resulted in throwing, at 
it were, a broad bright light upon the whole length of 
eastern sea-board ftom Guardafui to the Zambesi. Names 
such as Mombasa and Vitu are becoming familiar as 
Zanzibar and Mozambique, and the practical effect of 
Messrs. Johnston and Thomson's successful journeys 
has been to introduce into our school teaching the true 
stories of Kilimanjaro and the Masai Land. Below die 
Congo there ha? been little demand for information, and 
consequently little ?upply. The knowledge that Portugal 
is owner of the coast-Une from the much*covet«d mouth 
of that river to that of the Kunene, has appeared 
dent to render Benguela and Mossamedes, with their 
inland territories and contiguous tracts, matters of 
secondary interest ; and bdow Motsaxnedes nothing but 
a political embtoglio has caused Waldsch Bay and Angra 
Pequena to emerge from out the haziness of qtiasi-n^tldeal 
places. Mr* Galtcm'snarraiiv© will not only be found instrhtp 
live in itself, but it cannot fail to lead the uninitiated reader 
into references and inquiries also full of enlightenmi^t $ 
and even those who ore well up in African geQgra|S«|(y 
and may .have read the book on its first appoarance^ 
tnqst probably derive advantage in reverting to it».|Nlg;ss« 
The part of the payk Continent comprehended % 
treatment is from smuewhere near the mouth Ihh 
Kunene to the mouth of the Orange Riveti and 
roughly indicated by adguretp which the pamlitif 
37*^ S. latitude give a nortbeili and southern 
andthemeridiani ta'^andad^lwn^udew^ 

Umits. In the opfitDidiK much of the 
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U reviewed, and th^ names of Messrs. Anderson 
Coates Palgrave, Lord Mayo^and P&re Dnparquet of 
Huilta Mission are honourably memioned. Those of 
tldpfner and Stapff might have been added, bringing 
^ May r8S6 the roll of authorities whose labours 
only some new political complication to become of 
palpable value. Moreover, it tnny here be parenthetically 
stated that the West African Telegraph Company have 
Seicently prolcn^lped their cable south of St. Paul dc 
Loanda, opened as a station in iSfid—a proceeding which 
should facilitate the acquisition of much new geographical 
information in connection with the region specified. 
Already has a contribution from one of its officers 
appeared in the Proceedings of the Royal Geographical 
Society, which we learn that the harbour of 

Mossainedes is only second to that of Loanda among the 
harbours of Western Africa, and that the latter, possess- 
ing less depth of water, and being smaller, suffers in 
the comparison. Benguela is described as the more 
important commercial port, the total amount of its 
annual imports and exports (j^2f^8,398) being nearly four 
times more than tho^ of Mossamedes. 

Now that thirty^lfiine years have passed since this 
exploration was undertaken it may be well to recall its 
extent and character. As apparent from the map illustra- 
tive of his labours, Mr. Galton moved in a north-easterly 
direction from Walfisch Bay to' Barmen, journeying a 
distance of nearly 2Co miles, After an excursion from 
that place— called “ the head .scat of intelligence as regards 
Damara and Hottentot movements ”~hc stnick off to 
Ovampo Land in the north by a route involving a slight 
d^our to the east. But before making a fair start from 
Schmeicn’s Hope (a point somewhat further inland than 
Barmen), he was led by circumstances to Eikhams and 
Rehoboth in the south ; and part of the return road 
from Ondongo, the ultima Thule of his northerly journey, 
was by a track other than that he had at first pursued. 
From the date that his wtiggons left Schmelen’s Hope 
to that of their return, a period of exactly five months 
elapsed. Of these, we arc told that ** ninety days' were 
employed in journeying onwards, independently of such 
excursions as were made from time to time to look out for 
toads.*' The return distance is reckoned at about 462 
miles, the average rate of travelling being nine and a 
half miles a day— fair indeed with a more or less improvised 
^rriage, barbarous retinue, and tired or hungry and thirsty 
bullocks. 

Some notion of the privations endured may be gathered 
Max our travelleris statement that, on his leaving Schme- 
iott’a for Ovampoland, his ^‘biscuit and every kind of 
food had been eaten up *; or, as later ex- 
ha bad no biscuit, no flour, or anything of the 
Ite and his party had to live on the oxen and 
possessed, and the game they contrived to 
^e way, so that grainTood was a special luxury, 
id^ugh used in profusion by the Damafas, could 
be j^^aaed from owing to some impoditive 
^ , Thttif ordihary pig^nuts, was 

and indigestib^** Inasmuch as it shouhl be 
to afford enough ooorish- 
1 ^^ life'' As to water, this was a mote 

sriU. 6 a some days it utterly fkiled ; On 
^ fr Was ljrackish, oT barOly drinkable--a$ may be 


inremd from the following description of a vley, or 
watering-place : — 

Fancy a shallow pool, from 10 to 20 yards across, 
and from 6 to 12 inches deep, in which a herd of wild 
animals, say fifty zebras, have been splashing and rolling 
themselves all night, and which they have left in every 
respect like the water pumped out of a farmyard ; and, 
where wild animals arc wanting, the oxen, in spite of 
every precaution, will do the same.** 

The sporting adventures of the book are especially 
remarkable, It is not improbable that more than one 
tender-minded reader will accord sympathy to a wounded 
giraffe hunted to the death, or a dog slain for the sake of 
its skin— both occasions illustrating an act perpetrated 
to satisfy the pressing wants of man. Few, however, can 
fail to appreciate the manly qualities of a traveller whose 
career in Africa brings him into frequent and willing con- 
tact with the lion, rhinoceros, hippopotamus, elephant, 
and those larger and more formidable animals contention 
with which is risk of limb and life. The same stout- 
heartedness is exhibited in his intercourse with the savage 
inhabitants of the tracts through which he moves, and in 
the fearless but efficient diplomacy which characterizes 
bis dealings with Bushman and Hottentot, Namaqua, 
Damara, Ovampo, or whatever the designation of those 
with whom he has to do. , 

Not the least exciting part of Mr. Fialton’s narrative 
will ]xc found in the penultimate chapter. At this time 
he had retraced his steps from Ovampo Land to Barmen. 
Instead, however, of continuing his return journey to the 
coast, he resolved to devote three and a half out of the 
four months which would necessarily intervene before 
the arrival of an expected schooner in Walfisch Bay, to 
an expedition to the eastward, for the double purpose of 
seeing something of the Hottentot inhabitants, and ascer- 
taining how far correct was the statement that the Karri- 
karri Desert was “interposed as an impracticable barrier 
between the sea- coast countries and Lake ’Ngami.” The 
following extract from this particular chapter (pp. 168- 69) 
furnishes a good specimen of the writer’s descriptive 
powers. He and his associates had just repaired some 
circular walls of loose stones intended to serve as 
shooting-screens 

“ It is one of the most strangely exciting positions that 
a sportsman can iind himself in, to lie behind one of these 
screens or holes by the side of a path leading to a 
watering-place so thronged with ^ame as 'Tounobis. 
Herds of gnus glide along the neighbouring paths in 
almost endless files; here standing out in bold relic£ 
against the sky, there a moving line just visible in the 
deep shades ; and all as noiseless as a dream. Now and 
then a slight pattering over the atones makes you start ; 
it jfirfs painfully on the strained ear, and a troop of 
xel^as pass frolicking by. All at once you observe, 30 
or 30 yards off, two huge cars pricked up high above the 
brushwood ; another few seconds, and a sharp solid horn 
indicates the cautious and noiseless approach of the great 
rhinoceros* Then the rifle or gun is poked slowly over the 
wall, which has before been covered with a plaid, or some^ 
thing soft, to muffle all grating sounds ; and you keep a 
sharp and anxious look-out through some cranny in your 
screen. The beast moves nearer and* nearer ; you 
crouch dose up itnder the wall, lest he should see over 
it and perceive you: Nearer, nearer still ; yet some^* 
how his shape is indistinct, and perhaps his position 
unfavourable to warrant a shot Another moment, and 
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he is within lo yards, and walking steadily on* There 
lies a stone, on which you bad laid your caross and other 
things, when making ready to enter your shooting-screen ; 
the iMast has come to it, he sniffs the taint of them, tosses 
his head up wind, and turns his huge bulk full broadside 
on to you* Not a second is to be Tost. Bang ! and the 
bullet lies welt home under his shoulder* Then follows 
a plunge and a rush, and the animal charges madly about, 
making wide sweeps to right and left with his huge horn, 
as you crouch down still and almost breathless, and with 
every nerve on the stretch. 

“ He is off ; you hear his deep blowing in the calm 
night ; now his gallop ceases. The occasional rattling of 
a stone alone indicates that he is yet a-foot ; for a moment 
all is still, and then a scarcely audible * sough ' informs 
yoti that the great beast has sunk to the ground, and that 
his pains of death are over.” 

The author has long since been so well known as a 
gold medallist and leading member of the Royal Geo- 
graphical Society, and for his important contributions to 
anthropology and other departments of science, that it 
would be superfluous at this time to dwell on the value of 
his explorations, compared with those of the ordinary and 
less-gifted traveller. His exceptional aptitude for what 
may be called professional travel is well exemplified at 
ppi. 180-82 of the volume now republished, in which, 
among other useful hints, he gives plain and practical 
instructions for selecting the best sort of travelling com- 
pass and checking distances and directions. His manual 
on the Art of Travel ” has for many years been a 
standard work of reference ; while no one who reads, in 
the Narrative of an Explorer,'* his amusing record of 
“a series of observations” taken by sextant upon the 
figure of a Hottentot lady — with results worked out *‘by 
trigonometry and logarithms "—can affirm that his sense 
of humour has been blunted by scientific pursuits. 

A republication of ** Vacation Tours in i860 and l86r ” 
— papers by Sir George Grove and the late Mr. W* G. 
Clark, added to one by Mr. Galton — enhances the value of 
this new accession to the Minerva Library. 


OUJi BOOK SHELF, 

practical Phohntehy: a Guide to the Study of the Measure- 
ment of Light By W. J. Dibdin. (London : Walter 
King, 1889.) 

This work forms a good practical text -book on the art of 
photometry, which, both scientifically and commercially, 
IS becoming more and more important* It contains a 
comprehensive account of the various methods in daily 
use, so that the student, when he finds that he is dealing 
with instruments and methods unfamiliar to him, may 
turn to this book as a guide to the many precautions 
necessary to insure accurate results. The first few chap- 
ters deal with the history and principles of photometry, 
together with horizontal, radial, and jet photometers, 
and diagrams are given of the determinations of the 
quantity of light anorded in all directions horizontally 
by three classes of flames tested at every xo*^, and also 
of Dr. Pole's method of expressing the illuminating 
power and rates of consumption per hour of fifteen- 
candle gas. In chapters vi* and vii, we have a discus- 
sion on the various standards of light which have been 
and are still infuse, followed by the numerous proposed 
substitutes, such as Harcourt's pentane, Sugg's sixteen- 
candle aigand, Methuen's screen, &c* The apparatus 
necessary to check and measure the fiow of gas to the 
standard burner is given in chapter viii., with detailed 
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descriptions. Chapters lx. and x. treat of ‘IThe Examina- 
tion and Adjustment of a Gas-testing Photometer '^ and 

Colour Photometry,” the latter dealing with methi^a 
estimating the colour and intensity of the illuminarion M 
fabrics, &c. Lastly, in chapter xi., on ** Stellar Photo^ 
metry,” the author gives an account of the methods 
employed by Sir John Herschel, Zdllner, and others, 
eluding with a description of a method propoara by 
himself. 

The appendix contains some useful pieces of mtso^- 
laneous information* and tables of illutnfhating power of 
sperm candles, candle corrections, &c. The work is well 
illustrated with numerous woodcuts of the various instru- 
ments employed. 


LETTEBS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions «#- 
pressed by his correspondents, Heither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part of NATtras, 
Ao notice is taken of anonymous communiceUions.\ 

The Testing of Colour Blindness. 

The important article in Nature of September 5 (p. 43®! 
will have been read by all friends uf education with deep and 
melancholy interest. 

I desire to point out that the real remedy oaght not lo be 
deaJt with by an Act of Parliament, partly because this is a 
makeshift, and partly because the sudden dismissal of a trained 
seaman for a constitutional defect is so cruel that human nature 
would get very much in the way of such an Act of Parliament. 

What is wanted is that the colour sight and other measurable 
faculties of youths should be tested before they go out into life. 
It is a detail of practical anthropometry. Just os no parent 
would think of encouraging hw eon to become a barrister when 
he knew that he stammered or was deaf, so no parent would 
waste money in training his son to be an engine-driver or a 
sailor when he knew-— as he ought to know^that the lad wax 
colour blind. 

I protest against a. defect of our educational system being 
treated os a defect of legislation or of administration, and X trust 
that the friends who seek that scientific education should have Its 
due place will move in this direction, and thus prevent the 
cruelty lo seamen and their families as well as the deaths of their 
felloW' creatures which are at present possible from the cauSet 
indicated in your article. 

I desire to ask if some of your readers will kindly furnisli 
information* through your columns, as to where the cofourdests 
can be obtained, their cost, and the literature respecting them. 

9 King Street, Oxford, September 19. J. F. Hgyxf. 


MitCB. 

In the grounds of the Leicester Museum there ore fome 
hfdf-dozcn young lime trees, about fifteen years old, of whfeh 
the trunks and under sides of the main branches are covered, 
with an extremely thin glistening film. It seems to consist of * 
similar material to that of which spider's web is mode, bttt 
spread out into a film instead of being spun into thread. Wbtta 
rubbed up it has all the appearance of spider's web similarly 
treated, Hut there are no spiders visible, except here and theiOOn 
Epeira, who has fixed his geometric web to some protubero^eea 
on the trunk. \ * 

The bark, however, is (hickly dotted over with small 
mites, very similar to oheese mites in size, form, and 
Some of these mites are creeping on the outside of tke. Ml 
also, and a few of Uiem are captured in the webs ef tkd 
Epeira. No other trees appear to oe affected except tbo 
end only one particular row of fkese. 1 have found d.fe# w 
the mites, but no film, on other Ihnes ]n the ground^ 
on horse-cbestnuts or laburnum^ which stomd nearer Uk/lM 
affected trees* ,1 

How to this film been produced ? and art the 
with it fts cause or effect ^ J*. T* , v 

Leicester, September ^3, ■ ■ 
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r Siifing FHght of X#«rge Birda over Land. 

TtVf oxpUnation of tliU^ in Nature (p. ji8)^ aeems in* 
Adeoogte. 

If 4 large body of air be moving uniformly both in respect of 
dlitctioh and of velocity, no matter at what rate, it might as 
ba perfectly motionlej»«, in respect of its ability to old the 
Hig^ of a bird that ia simply floating in it. But in fact the air 
never to motionlese 1 it moves with the earth, from west to east, 
at the ratei let ut assume, of 50Q miles an hovir. To a bird 
floating in the air, whether the earth beneath it moves exactly 
aa the air moves, or not, must be a matter of perfect indifler- 
etice. The earth^s relative motion docs not affect it. 1 must 
tn^lf adhere to the explanation which X gave in a former number 
of Nature (vol. xxviii. p. aS), that the birds avail themselves 
of differences of the movement of the air, in respect of velocity, 
or of direction, or of both. Mr. S. K. Peal has noticed that 
'* flocks which drift over the hills recover their position on the 
plains by descending to windward.'’ This is simple enough. 
The wind is flowing from the plains towards the hills. It rises 
then os it flows, and has many inequalities in its direction and 
rate. On entering a goige a narrow current of air would be 
thrown upwards with very rapid ascent. Of all the inequalities 
the birds know how to avail themselves. U. Courtbnav. 

Tean Vicarage, September 28. 


A Remarkable Meteor. 

On Sunday, .September 29, at 7. 30 p, m. , I observed a very 
brilliant meteor falling nearly perpendicular a little to the west 
of north. Its progress towards the earth ap]>eAred to be much 
slower than is actually the case with such b<xlies, the heavens 
heii^ illuminated for several seconds. The meteor was of a 
bright sapphire hue ; preceding it were a few drops of bright 
flery red, whilst following it came a brilliant trail of light. It 
seems to have been pretty generally observed throughout 
Ireland, and letters to the Press from counties Roscommon, 
Galway, Kilkenny, and Kildare, testify to the interest it has 
awakened in the country. Richard Clark. 

113 Upper Leeson Street, Dublin, Octobea 7. 


TN£ METHOD OF QUARTER SQUARES> 

method of quarter squares consists in the use of 
the formula 

adc^l{a + i^)^ ^ \(a - 

to effect the multiplication of two numbers, a and If 
we are provided ^fith a table giving the values of X«’.up 
to a given value of «, we may obtain, by the aid of this 
formula^ without performing any multiplication, the pro- 
duct of any two numbers whose sum does not exceed the 
limit of the table. 

The method is specially interesting on account of 
the great simplicity of the formula, by means of which 
a table of double entry may be replaced by one of single 
entry. How great a transformation is effected by such a 
change is evident, if we consider that the largest existing 
inuUitili<:«Uion table of double entry reaches only to looo 
X 1000, and forms a closely-printed folio of 900 pages, 
but that a table of quarter ^uares of the same extent 
^ Ujp to « » 3000 ) need only occupy 4 octavo pages. 
The dtopartty becomes even more conspicuous as the 
limit of the table is extended, for a table of double entry 
to 10,000 X 10,000, would require nearly xoo 
flciiNa; vOlUlpds ; and one extending to 100,000 x loojooo, 
would y^quire nearly io,o<» volumes j whereas the cor- 
xt#0ndmg quarter^aquare tables ne<^ only occupy 40 
nwdob o^vb pages respectively. 

nee Vf a sqnems in effecting muRipiica- 

lijM wa^ recc^iied as far back as 1690, when Ludolflf 
, Mohshid h large table of squares, extending to 100,000. 
In l|iie SntrodudtTon to the LbdolflT ex^ained how 
be employed in multiplications. In order to 

^ Hinat ef Oaartar flq«uUM af alt Wltoto fmtt 1 to aooyoM tot 

" tuarifw, ami cf iho Squanr Root. 

ihefea^Opwati^a man owtato/ Ca1o»tot«d 
0U)ia^ : Mlmar aad Co.. iSSS) 



multiply a and ^ the table is to be entered with a + ^ and 
(2 - as arguments, and the difference of the corresptond- 
ing squares divided by 4. I f a and d are both even, or both 
uneven, their sum and difference will both be even 
num^rs, so that + ^) and 4(rt - will be integers. 
In either of these two cases we may therefore enter the 
table with the semi-sum and setni-diffcrcncc of the 
numbers as arguments, the product being the simple 
difference of the corresponding squares. 

It was not, however, till 1817 that a table of quanUr 
squares (r>. of for argument n) 'was published, for 
the purpose of facilitating multiplications. If n be un- 
even, consists of an integer and the fraction 4 - This 
fraction J may be ignored in the use of the table, for if 
cither a + d or a ^ b is uneven, the other is so too ; the 
fraction ^ therefore occurs in both squares, and disappears 
from their difference. It may therefore be omitted from 
the table. 

The table of 1817, which contained the first practical 
application of the method, was published by Antoine 
Voisin, at Paris, under the title Tables dcs Multiplica- 
tions ; ou, Logarithmes des Nombres entiers depuis i 
jusqu’it 20,cxx>.” It is curious that Voisin should have 
called a quarter* square a logarithm : he called a the 
root, and its logarithm. His table extended to 
20,000, and was thus available for multiplications up to 
10,000 X 10,000. On the title-page Voisin described it 
as effecting multiplications up to 20,000 by 20,000. This 
statement is justified by the formula 

-i(« -<»)’}. • 

by which the product was to be obtained if the sum of 
the numbers exceeded 20,000, the method of quarter 
squares being then no longer available. Jt is to be ob- 
served, however, that this formula requires three entries 
besides the final duplication. 

Almost simultaneously (1817) a similar table, of the 
same extent, was published independently by A. P. 
Bvirger at Carlsruhe, The method was rediscovered by 
J. J. Centnerschwer, who published a table of the same 
extent in 1825 at Berlin. In 1832, J. M. Merpaut pub- 
lished, at Vanned, a table of quarter squares extend- 
ing to 40,000. In 1852, Kulik (well known for his 
large table of squares and cubes to 100,000), who had 
again rediscovered the method, published a table extend- 
ing to 30,000. In 1856, Mr. S. L, Laundy published, at 
London, the largest table of quarter squares which had 
appeared previous to the publication of the present table. 
Laundy's table extends to 100,000. It was intended that 
the multiplications should be effected by means of quarter 
squares if the sum of the numbers did not exceed ioo,ooov 
but other five-figure numbers were to be multiplied by 
means of Voisin’s ihrce-cntry formula referred to above. 

It is this change of method that has detracted so greatly 
from the value of Laundy’s fine table. It is evident that 
the table should have been carried to double its actual 
extent, /.<?. to 200,000, so that any two five-figure 
numbers could be multiplied together by means of the 
two-entry formula. The late General Shortrede con- 
structed such a table, but it was never printed. In the 
work under notice Mr. B later carries the table as far as 
200,000 ; so that, more than sixty years after the publica- 
tion of the first table effecting the multiplication of two 
four-figure numbers, the extension to five figures has at 
last been completed. 

The method of quarter squares has had no opportunity 
of a fair trial in the absence of a table extending to 
200,00a Considering the many purposes to wnich 
Crelle's tables (which give the pr^uct of any two three- 
figure numbers by a single entry) are continually applied, 
it is perhaps surprising that no general use should ever 
have been itiade of a table which in a very small compass 
gives, by only two entries, the product of two four-figure 
numbers, Stul it is clear that the full power of the method 
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is not felt till yift are provided with such n tablo givlnie^the 
product of two five^ngtkre nambers. As already stated, 
^helact that|^.ie limit of Laundy's table was only loo^ooo 
%as deprived U of mo^t of its value, for it is obvious that, 
’^mless all five^ftgure numbers con be treated by a timlbrm 
anethod, the tame could not be conveniently employed in 
Ipractice. 

Mr. Blater*8 work consists of the principal table (gfiving 
Quarter squares up to 200, ocx)), which occupies aoo p^s ; 
a amall table of four pages, called the index, to facilitate 
the use of the table in the extraction of square roots ; and 
an introduction, &c., of fourteen pages. 

The arrangement of the table (in which the author has 
followed the plan adopted by Kulik in hts table of 1 8 $2, 
already referred to) is somewhat peculiar. The table is 
first entered (ar. the required page of the table is found) 
by means of the /asf three figures of the number : the 
taible is then entered on this page (or, more correctly, 
double page), by means of the preceding figures. For 
example, the quarter square corresponding to 126,993 is 
found by turning to the double page headed 990. In one 
of the four columns headed 993 we enter the table at the 
line 126; from this line we obtain, in the first column, 
the first four figures of the result, 4031'; in the column 
under 993, the next three, 805 j from the bottom of the ; 
column we take the last three figure«, 512. The result is 
therefore given in three parts A, B, C ; A being common 
to ten numbers (in the same line) beginning with 126, C 
being common to fifty numbers (in the same column} 
ending with 993, and B being special to the combination 

126,993. 

The table is beautifully printed in large antique figures 
on thick and evcellent paper, and is a handsome piece of 
typography. The author mentions that it was entirely set 
up by a single compositor at the printing-office of Mr. 
Falk, at Mayence, and that it occupied his whole time for 
eleven months. Besides being admirably printed, the 
table is no doubt very correct, as a triple calculation was 
made, and no pains seem to have been spared by Mr. 
Blater for insuring accuracy. 

The book is dedicated to Mr. Anthony Steinhauscr, of 
Vienna, who has contributed a short historical preface. 
Mr, Steinhauser, who is himself the author of several 
logarithmic tables, encouraged Mr. Blatcr in his work, 
and rendered him great assistance throughout The 
actual calculation occupied eighteen months. 

With respect to the general employment of Mr. Slater’s 
talfic for the performance of multiplications, it is to be 
feared that its utility has Ijeen jeopardized by the size of 
page adopted. Anyone who has had occasion to make 
constant use of tables knows the enormous advantage of 
the octavo form over the quarto. The book is placed to 
the left of the computer, and the effort of carrying by 
the eye a series of figures from the left hand vige of a 
quarto tabic to the paper— a distance of 18 Inches to 
2 feet— is but ill compensated for by larger figuies or 
fewer pages. Handsome as the hock is to look at, it 
seems to us that the Uble would have had much tnore 
chance of bringing the method into general use if it had 
been of octavo form. It is greatly to be regretted that 
it was not printed on 400 octavo instead df aoo quairto 
pages, which would have been quite possible wim the 
existing arrangement of the table. If this had been done, 
and if the type had been somewhat smaller, a neat and 
handy volume might have been produced. 

The mode of enteripg the table is very insufficiently 
expiained in the introduction. This is unfortunate, a« 
the mode of entry (by the last figures) h so unusual^ 
ubles that it should have been ex^kridy mentkmod. 
Also tho tttanslaiion into Ei^ljsh is so very nnaatisBictory 
as to be obscure in plgoea, ThoM, however, are miont' 
blemljdtes which would have bat slight infiuence da ffie 
general utility of the table, if only the Ibm were 
ccmvehknt. _ 


The i^uesclon of how far the method df 
squares is likely to come into use is of some 
Hitherto the method has been very tilde 
and, so far as we know, it has never been in 
ractice on any extended scale. The mere fact Ihm it 
as been so con^antly discovered anew Is suffid^t 4^^ 
dence of the slight attention that it has received. 
there ought to be room for a table that gives, to thelhst 
figure, the products of any two five*figure numbers with 
only two entries. A seven-figure table of logarithms is 
inadequate for this purpose, for, besides requiring three 
entries, it only gives the first seven figures of the result. 
On the other hand, it may be said that in ordinary Calcula- 
tions seven figures are as many as are required, and 
that logarithms possess the advantage of being equally 
convenient for divisions and multiplications. It must be 
admitted that a five-figure quarter- square table is appro- 
priate to only a limited class of calculations : it allies 
only to multiplications, and the number of figures in each 
of the two numbers must not be greater than five. These 
conditions are of a somewhat special kind. In recent 
years when heavy multiplications have been required It 
has become the custom to make use of Thomas de 
Colmar’s arithmometer ; and probablv, at the present 
time, nearly all systematic work of this character is carried 
out either by Crelle’s tables or by the arithmometer. 

Passing now to the general question, ^of multiplication 
by means of a table of sin^e entry^ ^we have the two 
methods of quarter squares an^Jhg^ithms, each pos- 
sessing its special advantages. Trore is also an older 
method which passed out of notice with the invention of 
logarithms. This method was called ** prosthaphaeresis,” 
ai^ depended on the formula 

sin « sii) ^ “ ('* “ ^Y( “ - (df + 

A table of natural sines could therefore be used as a 
multiplication table, four entries being required. This 
method is due to Wittich, of Breslau, who was assistant 
for a short time to Tycho Brahd, and it was used by 
them in their calculations in 1582. It is referred to by 
Raymarus Ursus, Clavius, and Longomontanus ; and it 
seems to have been used for performing muMplkatJons 
not only when the numbers occurred as sines but also in 
the case of ordinary numbers. 

The method of quarter squares depends upon so 
a formula, that it is strange that the first table should not 
have appeared until 1817. There seems no reason why 
it should not have been employed before the invention of 
logarithms, when it would have been a most valuable ^d 
to calculation. The geometrical theorem, which is 
valent to the algebraical Identjqr {a - (a - *« 

on which the method depenas, forms Prop, vilb df the 
second book of FucHd ; and one would diihk thkt the 
application of the geometricaJJ or algebraical theoretii to 
arithmetic might have been noticed at any time, , The 
actual history m mathematical tables is, however, enlilitly 
different from what we might expect i% to have been^ 
owing to the wonderfully eiriy invention of logarram* = 
and It was, in fact, only, just about that time ffie 
importance of tabm as an aid to general cajculatxdn was 
beginning to be felt. The date eff Herwart \^ lltfiien- 
hmgS great dodl^^entry 
to iocK> X 1000 ijthe soine limit as CweNi 
which has neve^ be^ exceeded) Is only ptm p^ik 
(i6w>) than ^ Mapiet^s Cenbh 

It is interesting to that the mewbd of 
edoares is motbmosbly cmidecM 
meffiod cf imasttobrnreds! thgn With ibot ; 

\ we readily 4®!^^ 
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W the ftfnes and cosines tn ascending powers 

M j^gumente and equating the terms of two dlmem 

method of quarter squares enables us to multiply 
tofetlltet two numbers of n figures each if we have a table j 
to 2X 10^* If the latter only extends to lo^ 
thfee eintrtes are required^ and the final result has to be 
4 optdo 4 whenever the sum of tlie numbers exceeds lOi (as 
fnt t-auody’ft table). If we consider the question of the 
multiplkation of two numbers of n figures each by means 
of a table extending only to lo”} the same process being 
empiloyed in all cases, it appears that three entries are 
iieceis«ary» and that it would be better to tabulate half ! 
aqqatoa^ using the f<Htnula 

ab^ia^-¥ W - 

In tabulating the half squares the fraction i would be 
thrown off, so that if a and b were both uneven, unity 
would have to be added to the result. 

It would, however, we think, if the table is not to 
go beyond ro*, be more convenient to employ a table 
of triangular numbers. The iirth triangular number is 
X i), and if we are provided with a table extending 
to 10" wc may multiply any two numbers not exceeding 
lo" by means of the formula 

as f (a - i)a + ib{b + t) - i{<* ^ J 

or, as wc may write it 

ad « T(a 0 + T{b) ^ T(a ^ j ^ b), 

TM denoting the wth triangular number.^ 

Tiius, to multiply two numbers we subtract unity from 
the larger number, and enter the table with the larger 
number so diminished, with the smaller number, and 
with the difference of these two numbers. For example, 
to tnolriply 5289 and 2156, we add the tabular results 
corresponding to 52^8 and ST56. and subtract from this 
sum the tabular result corresponding to 3132. 

Tbe mode of construction of a table of triangular 
numbers is almost the simplest possible, tbe numbers 
being formed by adding to sero the natural numbers 
1^, 3; . . . . 

0+1 - I, I + 2 3, 3 + 3- 6,6 + 4 “ 10, io+ 5 « 15, 

and so on. Zt may he noticed also that any two consecu- 
tive triangular nunibers are the most nearly eqiutl parts 
intb which a square of points can be divided by a line 
paisillel to the diagtmal For example, in the square of 
it points, the two most nearly equal triangular parts are, 

I - 4 ^ 3 -+ 3 ^ *nd 1 + 3+ 34*4*= This is shown 

ip tUm fqlWing diagram : — 


diagonal. Viewing the same matter from a slightly 
dififerent point of view, we sec that any two consecutive 
triangular numbers always make a square, 

1 + 3 " + 3+6 = 9, 6 + io«i6, See. 

It is interesting to exhibit by means of a diagram the 
manner in which tbe rectangle representing the product 
ab is derived from the three triangular numbers carte- 
spending to a — i, — i - As an example, the mode 
or formation of the product 8 X 4 is shown b^ow, the 
triangular number corresponding to 7 being represented 
by dots and the triangular numl^r corresponding to 4 by 
stars : — 


Whathtf ^ square contains an even ot an uneven 
ol pomtf, the diagonal, which Is in the middle, 
hartal b# given to one of the two parts, which there- 
dii&f by the number of points it con- 
square tr, the two consecutive triangular 


jimUwi it arh - ij and i«(«+ t), dif- 

;ji^ they should, fay 9$, thfa nitmm 0^ points in the 

itMnvM v«McHv*ly. In 'tw Mur «aM wn ubWnW # ei»- 

papapAim VM ths Woeift 1 mm i«nnilfttwi lo b* | 

Wim (dw ’htger of :tlgM 'fWumeatB fturiiy* 


«• sqittjfHi n^r tb* Sdiw nfi 
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The dots above the line form the triangular number 
corresponding to 7 -* 4 = 3.' 

It is not suggested that the method just described by 
means of triangular numbers is comparable to that ol 
quarter squares. It is certainly better to double the 
extent of me table and have but two entries. Still, it is 
interesting to note how readily a table of triangular num- 
bers, extending only to 10" is available for the perform- 
ance of multiplications of two w-figure numbers. So far as 
we know, only one extended table of triangular numbers 
has ever been published. This table, which gives the 
value of + i) from « » t to « = 20,000, was pub- 
li^edat the Hague, by E.dejoncourl, in 1762, under the 
title" I)e Natura et PrECclaro Usu Simplicissima Specie! 
Numerorum Trigonahum.” The book is a small and 
handsomely printed volume of 2O7 pages, 224 of which 
arc occupied by the table. 

In tabulating quarter squares, the fraction i which oc- 
curs when the square is uneven is omitted. If we denote 
by qsqw the tabulated quarter square of «, we have, 
therefore — 

q%q (2«) ■» 

qsq (2« + l) = «^ + «. 


A table of quarter squares may be formed by 
adding to zero the numbers 1, z, 2, 2, 3, 3 i • - * • 

0+1 = 1 , l + i-» 2, 2 + 2 = 4 , 4+2 = 6 , 6 + 3 * 9 , 

12 , and so on. Us construction, therefore, is 

* We might of oQurec aU;i perform the muliiplication thus : — 


I ■ « V * 


• « ■ • 


eovreefOttdlRf. te dm firaiitd 

iKl ,*■ T<«) 4 T (I - i) - T (ff ^ /i). 

But If i« ettferttgowtl dw wn^Ief., inuead of iwm the brjer, 
number, iH«hdy Hifhil^aiimW art mvolvod w the proeese, 
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very similar to that of a table of triangular numbers^ the 
onlydtfifereoce being that the added numbers i. 2, 3^ . 4 . . 
aee each twice repeated* We ,|rnay also, regara the tabu* 
lated quarter 4 quares as deihiied hy this rule ; The quarter 
square of n is ^ual, if m be even, to the sum of aU the 
uneven numbers less than :f«/and, if be uneven, to the 
sum of all the even numbers less than /i. For evidently 
the scries i + 3 + S -f* • * • * + (3» - 1) * and the 
series a + 4 + 6 + / * . . + 2/* * «® + «. 

By means of this definition of a quarter square we may 
exhibit the method of quarter squares diagrammatically 
as follows. 

Taking as examples the products 8X3 and 7 X 4, we 
have 

qsq 1 1 - qsq 5 « 8 X 3, 
which may be represented by — 

m • 

■ a • ■ 


and 

qsq II - qsq 3 « 7 X 4, 
which may be represented by— 

■ ■ 


a s ■ 




The number of points in the extreme left-hand column 
of the difference of the quarter squares is always equal 
to the smaller of the numbers to be multiplied. If this 
number is uneven, there will be one middle line contain- 
ing a number of points equal to the greater of the two 
numbers ; the points in excess of this number are to be 
transferred from the line below the middle one to the 
line next above it, the excess from two lines below is to 
be transferred to make up the deficiency two lines above, 
and so on. If the smaller number is even, as in the second 
diagram^ there are two middle lines differing from each 
other by two points ; one point from the lower of these 
lines is to be transferred to the upper, three points from 
the line below the lower middle line to the line above 
the upper middle line, and so on* 

It will be noticed that the tabulated quarter squares 
are, as it were, a species of triangular number in which 
the succeeding lines of points differ by two, instead of 
by one, as in ordinary triangular numbers (<>. viewing 
the matter arithmetically, the quarter squares are de- 
rived alternately from the series i + 3 + 5 + . • . and 
3 + 4 + 6 -f . . . , and the triangular numbers from the 
series i + 3 + 3 + ■ • 0* It is the fact of the lines dif- 
fering by two which enables us in all cases to adjust the 
points in the difference of two quarter squares so us to 
form a rectangle in the manner indicated above. 

J. W. L. Glaisher. 


NOTES. 

The American rhiloscq^cal Society at Philadelphia is about 
to celebrate the centennial anniversary of the first occup^don of 
iu pveunt hall. The celebration will be held on November St* 
The Hoh. Frederick Fraley, the President of the Sode^, Wilt 
deliver an address in the kffemoon of that day, nod in the 
evening a banquet will be given «t the Bellevue. The Sodety 
was founded in 1743 proigoting usefuJ knowledge* 


Ok November id, the Katervdssenmhofilidim Vetel^ of 
Bremen will celebrate the twenty*fifth anniversary of Ui fbdhda- 
turn by an evening gathering and a banquet 

' 

The International Medical Congress will meet next jeat^ hr 
Berlin, from August 4 to lo; Inquiries by intending visitors 
should be addressed to the General Secretary, Dr. Lassar, Kart 
Strasse, Berlin. The Cot^reas will be divided into ^igfateeh 
Sections, and the official languages will be German, rj^oglish^ 
and French. 

The Congress of the International Geodesic Association Vsas 
opened in Paris, at the Foreign Office, on October 3. M. 
Spuller welcomed the delegatea, who represented Itastria, Bel- 
gium, Denmark, Spain, France, Greece, Hamburg, Hesse- 
Darmstadt, Italy, Holland, Prussia, Roumonia, Servta, and 
Switzerland. M* Faye presided* 

The Ethnographic Congress, which held meetings of its 
various Sections every day last week in Paris, brought its pro- 
ceedings to a close on Monday afiemoon in one of the large 
halls of the College of France. It was decided that the Con- 
gtiess should hold its next meeting at Bucharest in the autumn of 
1890. 

The next annual meeting of the Mineralogical Society wilt 
be held in the apartments of the Geological Society, Burlington 
House, London, on Tuesday, November 5, at 8 p.m. 

, 

The Committee of the Sunday Lecture Society have decided 
tliat twenty-one lectures shall be given, during the winter, in St. 
George's Hall, ILangham Place, on Sunday afternoons at 4 p.m., 
asin former years. The first lecture, on “The Origin and Uses 
of the Colours of Animals,'* with oxy-hydrogen lantern illnstra- 
tion5, will be delivered by Dr* Alfred Russel Wallaoe on 
October 20. This will be followed by lectures by Mr. John 
M* Robertson, Mr. Arthur NicoU, Mr. Chas. Cassal, Dr. 
Andrew Wilson, Prof. Percy Frankland, and Sir R. S, Ball. 

Ok Monday afiernoon, about a quarter to 2 o'clock, a shock 
of earthquake was frit in Cornwall. It was accompanied by * 
loud underground noise like thunder, and was felt distinctly at 
Doubleboroogh, Boscastle, and Camelford. The eurthqurice h 
said to have been severe enough to shake houses, but no harm 
was done either to person or property. 

The death is announced from Georgetown, British Guiana, 
of Mr. E. E* H* Francis, Professor of Chemistry in Queen's 
College, Geotgetown, and Analytical Chemist to the Oown- 
I ment, at the early age of thirty-nine* Mr. Francis entered the 
service of British Guiana in 1875, having formerly been Professor 
of Chemistry and official analytical chemist in Trinidad* 
two posts now vacant in Georgetown are said to he woirrii more 
than j^yoo per annum. Mr. Francis was a member of various 
learned Societies in thk country* 

At the recent meelmg of the Iron and Steel tnstihtte, Mr. 
Frederick Sieinettf made some remarks during die dluihisrion 
of Sir Lowthian paper on gaseous fuel, of wJhkh we 

gave an abstract last weelL We draw attention 40 ^hese 
remarks on account of the important infiuence Mr. 
experiments and ipventloiui have had on the apptotiah 4 f gas 
for the heating of fitrbacet. Mr. Samson Fox had staifd 'iiMf 
he did not propose to use water gas rionc foi; fumaeO 
but ndxed wirii pri^koer gas or otlmr oarbUreffi^ 

Siemens said that a gas Would thus be prodooed shri%j^ fO 
formed in the Slemm gi^ produo^i wMch be had ' frr 
a considerable time to furiiace purposes^ He had 
experimenting with various gasesi^ fhthace use, 
to the oonriaaion ^ divide gaasa gsaeralty insq 
Iwlnons and noi^luminoits. lidtev^ the ebds 
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nr^BT 0a* b^oa 0 « 4 * could be ^vcwtageoualy used for heating by 
iCteaut; aa» Ibr imtatioe^ in incandeacent {^-lamps, for heating 
ttfliriftactory material to the temperat^re of incandescenoe» as f he 
airack upon the material u^ich hid to give the light. But 
it Wmtld new do to beat h^h< temperature furnaces with a non* 

' gas, because it radiated Tory little light or heat, and, 

as htflkad proved some years ago, large furnaces must be heated 
by nation to worh ecoAomically and efficiently. Although it 
was p^posed to mix water gas and producer gas, he thought 
that this would not be very easily effected, the one being 
supplied at a pressure, and the other without pressure. He had 
no doubt^ however, that, if so mixed, they could be advant- 
ageously employed. 


Th» Report of the Manchester Technical School, presented 
at the annual meeting of the life members last week, Is a very 
satisfactory document, and as a record of the year's work it is 
highly encouraging to all who are interested in the extension of 
technical instruction. The number of students has increased 
during the year from 2371 to 3328, and the amount paid in 
students' fees from 2970 to ^3711, and the hnancial position 
is otherwise hopeful. The details of the work carried on in the 
school and in the recently-established spinning and weaving 
dq>artment, afford abundant evidence that the Council take a 
very comprehensive view of the sphere of technical edneation. 
The opening of this new department was the most important 
extension made during last year, and though at present the number 
of day students enrolled is stnall, there can be no doubt that, as 
the advantages it offers become l^etter known, it will be more 
and more resorted to by those who wish to gain practical in- 
struction in the chief textile industries in combination with the 
study of the scientiitc laws which regulate them. A considerable 
number of students are already attending the evening classes in 
the department Tlie Report refers to the proposal to establish 
a technical school in connection with the Whitworth Institute, 
and the prospects are considered promising by the Council. 
The negotiations between the Council and the Governors of the 
new institution will probably result in the foundation of a 
tetdmical college on the scale, and with all the appliances, of the 
best schools of the kind in Germany and Switzerland. The 
growth of the school during the past six years is well shown in 
the following short table 


yenreofling 



Individual 

Ticket! 

Fees. 

niudents. 

i^aued. 

sd. 

* 1429 ... 

2046 

1259 12 S 

- 199s - 

*783 

... 2010 10 5 

2299 

.w* 

... 2241 11 8 

2529 

3406 

293J lo 4 

2871 

3918 

2970 I 8 

* 3328 

4383 

37 ti tS 0 


Thb grotto lately discovered near the caves of Adelsi>erg was 
said to be superior to these famous caverns. According to the 
Burgomaster of Adelsberg, who has written on the subject to 
the yianna Correspondent of the TVaser, this is a mistake. The 
tssir grotto, he says, is very fkr from equalling the Adelsberg 
^Os, It is a little more than a kilometre in length, and is 
believed to be a eontiQuation of the Adelsbetg caves. Its en- 
leStfreiMM is half an hour's walk from the latter, between the 
: vllU^eii of Oressotak and Zagon, It is rich in stalactites, but 
e^OSt of these have the appearance of being covered with white 


TllVi Boston of Natural History is at present much 

^tMsted tea scheme (br the establishment of natural history 
I in thSt city, and it has authorked Its Council to proceed 
|i as sckou as the pm of aciO,ooo dollars shall have 

. 4^^ the ptttpose. Mr. A. Hyatts Cutator 0/ the 
^ k saii«tuiiA enoagh to wtHe. in his latest 
ibiovt, is perfeotly Ihaslhle to establish a series 


of natuiml history gardens which shall oo-opmte with the 
Museum and othm public work of the Society, and to form, 
perhaps, the most effective apparatus for public culture in natural 
history that has ever been planned before for any dty in the’ 
world.” 

lAst week w'e noticed (p. 549) the work done, under thi 
supervision of Profr Giglibli, at the stations established in 
Italy for ornithological observations. Similar stations were 
created in Saxony, in accordance with the decisions of die 
Ornithological Congress held at Vienna in 1884, and we have 
now received the ^urth annual Report relating to the retniUs 
achieved by the observers. The Report, which is accomponied 
by a map, is by Dr. A. B, Meyer and Dr. F. Helm, and pre- 
sents a great mass of information, clearly arranged. The first 
Report, issued in 1SS5, contained the facts noted in Saxony by 
43 observers, at 35 stations, regarding 180 species of birds. In 
the present Report there is a record of what 122 observers at 
111 stations have to tell about 213 species of birds. 

A FXTLL report of the Apple and Pear Conference held at Chis- 
wick from October 16-20, 1888, is presented in the tenth volume 
to the Journal of the Royal Horticttlturol Society. The report 
opens with the address delivered by the President, Sir Trevor 
Lawrence, after whid) come the following papers : apples for 
profit, by Mr. GcorgeBunyard J fruit culture for profit in the 
open air, by Mr. W, Paul ; dessert pears, by Mr. W. WUdsmith ; 
on pruning, by Mr. Shirley Hibberd ; canker in fruit trees, by 
Mr. Edmund Tonks ; canker, its cause and cure, by Mr. James 
Douglas i enemies of the apple and pear, by Mr. J. Fraser ; 
apples for Sussex, by Mr. J. Cheal ; orchards in the West 
Midlands, by Mr. W. Coleman ; apples and pears for Scotland, 
by Mr. Malcolm Dunn; cultivation in Jersey, by Mr. C. B. 
Saunders ; production and distribution, by Mr. F. J. BailUe ; 
compensation for orchard planting, by Mr. W. F. Bear ; the 
railway difficulty, by Mr. D. Tallerman, The volume includes 
statistical and other information, compiled by Mr. A, F. 
Barroti, os to the cultivation of apples in Great Britain and 
Ireland ; and a descriptive catalogue, also by Mr. Barron, of 
apples exhibited in 1883 and 1888. 

A SECOND edition of Prof. Lloyd Morgan’s “ Animal Biology ” 
(Riviagtons) has been issued. The author has revised the text, 
substituted in several cases improved woodcuts, and added a 
brief classification of the types, and a glossary. 

The Royal Geographical Society has issued the sixth edition 
of the well-known ** Hints to Travellers,” editetlforthe Society 
by Mr. Douglas W. Freshficld and Captain W. J. L. Wharton, 
R.N. The work has been revised and enlarged. 

M, A. VAYSStkKE has just completed the publication of his 
** Atlas d' Anatomic compart des Invertdbr^s,” in 60 quarto 
plates. This atlas, accompanied by concise and clear explana- 
tions, has been received^ with much favour in the zoological 
laboratoriee. « 

M, R. Blonbei. has pabtieh^ a pamphlet of 150 pages, with 
plates, on the odorous properties of the rose, and the methods 
used in industry for the extraction of its perfrme. 

Me. William Jordan has Issued a pamphlet entitled 

Instructions to Inventors os to obtaining Letters Patent and 
registering I'rade Marks and Designs. ' ’ Reference is mode to the 
latest patent laws of Great Britain, our colonies, and foreign 
countries. 

Mr^ R. H. Porter has sent us his October catalogue of new 
atkd aecondhand books. It includes many works of scientific 
intereat. 

Prof* G. Pouchet, Director of the Laboratory of Con- 
careeao, has published, in a latge quarto volume of eigh^y-ooe 
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with an aocouct of experimenit nado by him 

th« aoBpkofl of tbo^. Mtinidpal Council of PatiSi on the 
chvtfaots of the Korth AHatolic. worh deal* loore poeti* 
otiiariy with the Stmm, and wJdi the of the experi- 
ments made on Maid the the assistance of the 

Prince of MonacOi but also takes into consideration the results 
t»f investigatOTS from the nartle^ tkaes* The experiments refute 
the idea that the Feettch coast by the Gulf Stream ; 

hf. Pouchet sudes tlmt clearly that, at leas^ in 

summer, no surfiuie^cnivent^femiee Ihe sooth -slrest^ 

but that, on the contratyi theiike a current from the west and 
north-west* ♦ 

Thk following details about the Tomsk University have been 
published. The buildings constitute the hnest edihce in the 
town, and are situated in the middle of a magnificent park. 
When the staff is complete there will be twenty-five Chairs — | 
thirteen ordinary, eleven extraordinary, and one for orthodox j 
theology. There will also be librarians, teachers of music, and ' 
surgeons and assistant -surgeons. I'herc are already seven ty-t no 
BtodeaU, who pay about 12 or 13 roubles a month for lodging, 
books, and attendance, and it is expected that this number will 
be bkrgely increased before the end of the year. 

The Pilot Chart of the North Atlantic Ocean for the month 
of September shows that the most important storm dui'ng the 
month of August was one first reported about San Domingo on 
the rpth, whence it moved north-westward over the Bahamas 
and afierwards recurved and followed the course of the Gulf 
, Stream. During the first half of the month the pressure along 
the Atlantic Srates was persistently high, and the tracks of all 
storms from the continent lay well to the northward of this 
area of high barometer, moving mostly beyond the region of 
observation. No storm c«n be traced all the way from the 
American continent to the British Isles, although se^'era 1 
originated in mid-ocean and moved in an east -north east 
direction. A severe tornado was reported off Cienfuegos, Cuba, 
on August 4. Ice was reported in great quantities about the 
Struts of Belle Isle, but very little off the Grand Banks. 

hfirEOaOLOGiCAi. science will be much enriched by the 
recent contributions of the Danhh observers in Greenland daring 
1882-83 {** Expedition Danoise,’* vol. ii., part s, Copeidmgen, 
1S89). The principal station was at Godthaab, on the west 
coast of Greenland, in latitude about 64®, where the obsetA’a- 
tions were made under the direction of M. Adam Paulsen. A 
large series of observatioos of temperature was made and the 
resnlts are given in tables, as Well os represented by curves. 
The temperature was taken every hour during twelve months, 
and the mean temperature* at each hour f/r each month are given 
in the tables. As might be expected, the greatest variation occurs 
in August— namely, from -f 3*^5 C. at 3 am. to + 7®‘a ai 2 p.m. 
The mimmum variation is in February, from - 15®’4 to ^ I 5 ’* 7 - 
During the summer months the maximum occurs about i p.m., 
and in winter about 2 p.m. Similar results are reooirded for the 
stdiions at Reykjavik, in lat. 64® and Stykkisholm, in lat. 65®. 
The maximum monthly mean temperatnre occurs in July, and the 
inMnciiim in February. Observations were also made of the 
directitm, force^ and velocity of the wind, form and direction of 
clottds, temperature of the boU, dtc., full details of which are 
given in the report. An appdndU contains the results of various 
metaosological observations in the Kara Sea in 1862^83, and at 
KwnortaUk and D*AngmagsaliU. Observations of aurorae at the 
two latter stations and at Qodthaab also form part of the 
appendix. It is greatly to be regretted that the spectTOSCQ|>e 
was not employed In the auroral observations. 

The additions to the Zoological Society’s Gardens during the 
past week incUide a Mealy Amawm /atintfsa) from 

South America, presentril by tho flon. atid Rev. F. G* D^itton j 
1^0 Cape Crowned Crimes (Jffa/wsca from 


to, tsas: 


South Africa, prewmted by the Hon. Mrs. Bariter; 
Comestm Siowwovm British, prWiented^jii^ 

Miss Aliee Leonora Srily; a CowHnoii Chameleon 
sw^^ru) North A^a, presented by Mr. j. Wailriiiy)^ a 
Long-nOsed West A4hB% 

presented by Mr. John R. Holmes j a Royal Python 
ra^tis) from West Africa, deposited^ four Common KhpiW 
{/?Afa am^uuM) from Holland^ purchased. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK J889 OCTOBER 13-39- 

/pOR the reckoning of time the civil day, conamsnoing at 
' ^ Greenwich mean midnight, counting the hours on to a4r 
is* here employed.) 

At Grttnwuk on Octebtr 13 

Sun rises, 6h. 23121. ; souths, tih. 46m. xr^s. ; daily decrease of 
southing, 14 -os. ; sets, lyh. lOm. ; right osc. on meridian, 
ijh. i5*iin. ; deck 7® 57' S. Sidereal Time at Sunmt, 
ifib. 40m. 

Moon (at Lost Quarter October 17, iK.) rises, I9h- 7m.,* ; 
souths, 2h. 57m.; sets, 11b. om, : right asc* on meridian, 
4h. 24*4111. ; deck 19® n' N. 


Mercury., 

Venus 

Mare 

lupiter.-.. 
Saturn*... 
Uranus.., 
Neptune.. x8 54 


Rises, 
bt la. 

7 2 
3 2 S 
a 45 
12 47 

I 36 
6 32 


Right uc. and dteEsadoa 


Souths. SeL_ 

h, ni« h. n. h. ni< 1, 

12 4 ... 17 6 ... 13 32 8 ... 12 4 S. 

9 56 ... 16 27 ... 11 24*3 ... 5 igN. 

9 29 ... 16 13 ... 10 57*6 ... 8 5 N. 

16 39 ... 2G 31 ... 18 9*0 ... «3 30& 

8 44 ... 15 52 ... 10 12 6 ... 12 37 N. 

n 54 *» 17 13 33 1 8 &S. 

2 43 " 10 3 * - 4 10*3 ... 19 21 N, 


* Indicates that the rising is that pf the preceding evening. 


16 ... 0 ... Mercury in inferior conjunction with the Sum 

16 ... ij ... Venus at least distance from the Sun* 


VuHahli Siars, 


Star. 

R.A. 
h. m. 

Z>scl. 

h. m. 

U Cephei ... 

... 0 sa*s ••• 

81 17 N. ... Oct, 15 2 45 m 

A Tauri 

» 3 54 ‘5 - 

13 II N. ... „ 

16, 21 36 at 

{ Geminorum 

- 6 57-5.. 

30 44 N. ... „ 

13, aj 0 M 
19, a osps 

y Coronw 0. 

15 in 

33 3 N. ... „ 

17.23 

0 Lytm... ... 

... 18 46*0 ... 

33 M N. .. 

16, 22 S9 Af 

U AqoUte ... 

... 19 2 Va ... 
... 19 46*8 ... 

7 16 S 

rg, 19 0 Af 

u Aquilse 

0 43 N. .. 

13,23 oM 
i9» tg wA/ 

T Vulpecttl* 

... 20 46-8 ... 

,37 I M 

5 Cephei 

... 22 asT ... 

57 5« N 

16, ax 0 m 

S Aquarii ... 

... 22 51*2 ... 20 56 S. ... „ 

Jl/ signlfiaa maxiiimm I Msilabnwkf 

14, M 


MH9orShfiwgrf^ 


R.A. DecL 


Neax 7 Aodromedse ... 26 43N. ... Slow; faloL 

„ (Ceti 31 ... gK. ... Slow; iraiimd^ 

„ ¥ Arietta 41 ... 10 N. Swiff. 

„ H Cephei 307 ... 77 N, Slow ; fbipL 


THE UFE^WORK OF A CHEMISTS ; 

TN asking myself what sut^ect 1 eoidd bring befiare; you eu the 
^ present occariow, I fhoughi t could not do better than 
out by one example whit a demist may do for riiwnkhtd* 
in choosing this theme for my discoune I found mymftf m 1^ 
want of material, for amongst the various aspects of wMdic 
activity there Is surely none which, whether 16 lU most: 
forme or in those undetsitood, hwvu ^dnnw iwtrite to 

benefit hunmnuy ihan ibote vridch hove ibetr 
special tttidy of cbwui«^- I de<dred to abow wwt 
itmyaccoiatdishv attOndeimiedhoa^ «nd»m4t<3^tbeiti.w. 
of Nature, aty^ of the ideal tm of ^ene^whi^ 

/l Anr AiMrew #Hv«i 
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wn tb« feeblMt aoKAigst us to walk hi his ibotitops 
a ahortdistttn<^, whose Ufe ii a consistent ettdeavcHirto 
«lbr truth if haply he may find it^ whose watchwoeds are 
fahhAitnes«i end {hdustry^ and whose sole ambition is 
to atteoeed hi widening pathway of knowledge 19 that foUow- 
ing geaeratiom of wayfitrers may find theif jonmeys h^teoed 
, m^'^their dangers lessened* 

teh men are not imcomAon amongst the ranks ofdistio^shed 
•chemius. 1 might have diosen as an example the life andiahoun 
ol yeur soawtitDe townsman^ Joseph Piiestley« bad'got this theme 
Iwen ahuady treated by Pn>f, Huxley, in a manaef 1 cannot 
approach^ on the oocasim of the inauguration of the statue which 
stands hard by. To-day, Imwever, I will select another name, 
that of a man sttll tiving, the great French chemist^ Pasteur, 

As a chemist Pasteur began life, as a chemist h« is ending it. 
For although, as 1 shall hope to point out, his most Important 
resenrcheshave entered upon fields hitherto tilted, with but seamy 
eucoeif, by the biologist, yet in his hands, by the i^licatioa of 
chemical methods, they have yielded a most nountiml harvest of 
new facta of essential service to the well-being and progress of 
Che bttfitan race. 

And after all the first and obvious endeavour of every cuUi- 
vatorof science ought to be to nsoder service of this kind. For 
idthoogh it is foolisb and shortsijghted to decry the pursuit of any 
form of scientific study because it may be as yet far removed from 
praetical application to the wants of man, and although such 
studies may be of great value as an incentive to inteUcctuaJ 
activity, yet the atstement is so evident as to almost ameunt to a 
traismi that discoveries which give u$ the power of rescuing a 
population from starvation, or which tend to diminish the ills 
thirt Atfsh, whether of man or beast, is heir to, must deservedly 
attract more attention and create a more general interest than 
others having so far no direct bearing on the welfare of the race. 

•^'Ihere is no greater charm,'* says Pasteur himself, “for the 
investigator than to make new discoveries, but his pleasure is 
more than doubled when he secs that they find direct application 
in practical life.** To make discoveries capable of such an appU- 
caUou has been the good fortune—by which I mean the just 
reward— tof Pasteur. Ho a* he mode them is the lesson which I 
desire this evening to teach. 1 wish to show tiut these dis- 
eenreries, culminating os the latest and perhaps the most remark- 
able of all, in that of a cure for the dreaded and most fearful of 
all fearful maladies, hydrophobia, have not been, in the words of 
Prsastfey, “ lucky haphazardings," but the outcome of patient and 
bilg^onaiuued znvestigation. This latest result is, as X shall 
prove to you, not an isolated case of a happy chance, but shnply 
the last Unlc in a long chain of discoveries, each oneof wliich 
baa followed the other in logical sequence, each one bemnd to the 
otber by ties which exhibit the life-work of the discoverer as one 
coaeeqoettt whole. In order, however, to uuderstxnd 'the end 
we loust begin at the bemnning, and ask ourselves v hat was the 
Mdure of the training qf hand, eye, and brain which enabled 
Pasteur to wrest from Nature secret processes of disease the dis- 
covery of which had hitherto bailed all the efforts of biologists. 

was the power by virtue of which be sacceetlod when all 
otbem had failed, how was he able to traoe the causes and ppint 
out femedies f«r the hitherto uoaCcoontaMc (Conges and sick- 
weVies erhich beer and wine undetgo ? What means did he adopt 
to Cure the fatal silkworm disease, the existence of which in the 
eottlb of Fmooe in one year coet that country more than one 
Inmdiad millions of frimcB ? Or how did he arrive at a usethod fin- 
ealeraiittating a plsgue known as fowl cholera* or that of the 
4aadly caide disease, anthrax, or splenk fever, which has killed 
ndlkiM of cextte, and is the fatal wooliOilerV disease hi man ? 
iMt but not least how did be gain an insight into the 
most mysterious of ml poisons, the virus of 

\1fo do loopt than point out the stiirit which haa guided Pasteur 
M^bia work, and to give an idea of kbc patare of that work 
»a examples, I cannot atteippt in die tlnie at my disposal. 
W the wiagnithde and. &rv«aehmg ^charadier of that work we 
when sre iametAbw that it is to ^psiear that 
the sdetme bf hacterte^, a science 

f nf the 

^ whme bshavkmr ^ mj lift, only bf th« 
perhaps also yheetidde, emtU d)^wfide-*-a 
‘Vbidsllslr toievehn^^ theory and prae- 

4etti n scftdde whfthbfift elsem^, in ^ hands of Sir 

axmw smd bendtont Applfta^ in 


The whole secret of Pasteur's specess may be summed up in 
a few word*. It nnsisted in the oppIfcaMon of the exact methods 
of physical and chemical research to problems whi(^ had hitbevto 
been attacked by, other 1 ^ precise and lesn systematic metbods. 
His early researches wm of a purely chemical nature. It is 
now nearly forty years ago since he published his first investiga- 
tion. But this pointed out, the cbaiacter of the man, and 
indicated the lines upon wbadl hll his subsequent work was laid. 

Of all the marvelioFUS am fsft-mching diflcoveries of modem 
chep^jstry, perhaps the mqst .^ftiKafing and important is that of 
the Existence of compotmdti wbilgt pocsessing an identical 

composUion^lhat Is, made up cil' the same elements in the same 
proportions-— are absolutely different substances judged of by 
their properties* The first instance made known to us of such 
isomeric bodies, as they are termed by the chemist, was that 
pointed out by the great Swedi.sh chemUi Berzelius. He showed 
that the tartaric acid of wine- lees possesses precisely the same 
composition as a rare acid having quite different properties and 
occasionally found the tartar deposited from wine grown in 
certain districts in the Vosges. Berzelius simply noted this 
I singular fact, and did not attempt to explain it. £ 4 it«r on, Biot 
observed that not only do these two acids differ in their chemical 
behaviour, but likewise in their physical properties, inasmuch as 
the one (tbf common acid) possessed the power of deviating the 
plane of a polarized ray of, light to the right, whereas the rare 
acid has no such rotatory power. It was resei-ved, however, for 
Pasteur lo give the explanation of this singular and at that time 
unique phenomenon, for he proved that the optically inactive acid 
is made tu) of two com}x>unds, each possessing the same com- 
position, but differing in optical properties. 1 *he one turned out 
to be the ordinary dextro- rotatory tartaric acid ; the other a new 
acid which rotates the plane of polarization to the left to an 
equal degree. As indicating the germ of his. subsequent re- 
searches, it is interesting here to note that Pasteur proved that 
these two acids can be separated from one another by a pro- 
cess of fermentation, started by a mere trace of a special form of 
mould. The common acid is thus first decomposed, so that if the 
process be carried on for a certain time only the rarer laevo- 
rotatory acid remains. 

Investigations on the connection between crystalline fbnn, 
chemical composition, and optical properties, occupied Pasteur 
for the next seven years, and their results— which seem simple 
enough when viewed from the vantace-ground of accompli^Ued 
fact — were attainable solely by dint of self-sacrificing laboura^auch 
a^ only perhaps those who have themselves walked in these enticing 
and yet often bewildering paths can fully appreciate, and by 
attention to minute deuil as well as to broad principles to an 
extent which none can surpass and few can equal. A knowledge 
of the action of the mould in the changes it effects on tartanc 
acid led Pasteur lo invesiigatc that of chemists, the pro- 

cess of ferm^iation. The researches thus inaugurated in 1857 
not only threw a new and vivid liiiht on these rnost complicate 
of chemical changes, and pointed the way to scientific improve- 
ments in brewing and wine -making of the greatest possible value, 
but were the stopping-stones to tho-e higher generalixations which 
lie at the foundation of the science of bacteriology, carrying in 
their train the revolutions in modern medicine and surgery to 
which I have referred. 

The history of the various theories f«wn early times until our 
own day which have been proposed to account for the fact of the 
change of sugar into alcohol, or that of alcohol into vinegar, 
under certain conditions, a fact known to the oldest and even^he 
moat tmcivilired of races, is one of the most interesting chapters 
in the whole reoge of chemical Uteralure, but, however ent icing, 
is one into which I cannot now enter. Suffice it here to say that 
it WAS Pasteur who brought light out of darkness by explaining 
conflicting factaaiui by overturning fiilse hypotheses. And this was 
done by careful experiment, and oy bringing to bear cm the sul^ 
ject an intelligence trained in exact methods and in onerring 
observation, coiuded with the em|>loyment of the microscope and 
the other olds of modem twearch. 

What ,now 4itd Pasteur accomplish ? In the first place ftO 
proved that the change* occurrii in each of the varwti* pre- 
ewses of fomestadon ore due to the presence and growth of « 
minute oegonUm calUd the ferment. Exclude all traces of these 
formentff. and m change occurs. Brewers' wort thus preserved 
remains for years unaltered. Milk and other complex liquids do 
not lum sour even on exposure lo pure air, provided these la- 
^itely small or^iams are excluded. But tatrodaoe even the 
staaUett trace w these mtcroscopfc beings, and the^ peculiar 
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wmigw whl«h they alone ctin brin^ 9 h<mt at once begin, A few 
cellft of tbe yeast plant set njj^ the vinous fermentation in a siwar 
solution. This Is clearly street by Pasteur as follows **My 
decided opiniontMihe sa^, on the nature of alcoholic fermen* 
tation is the following. The chemical act of fermentation is 
easeDtiatly a correlative phenomenon of a vital act beginning and 
ending with it. I think that there is never any alcoholic fer* 
meotatioD without there being at tbh same time organiaation, 
development, multiplication of globules, or the continued 
consecutive life of gmbules already fonned.” 

Add on a needled point a trace of the peculiar growth which 
accompanies the acetous fermentation, and the sound beer or 
wine in a short thne becomes vinegar. Place ever so small a 
quantity of the oijpnism of the lactic fermentation in your sweet 
milk, which may have been preserved fresh for years in absence 
of such organisms, and your milk turns sour. But still more, the 
oiganism (yeast) which brings about the alcoholic fermentation 
wul not give rise to the acetous, and so that each 

peculiar chemical change is brought about by the vital action of 
a peculiar organism. In its absence the change cannot occur ; in 
its presence only that change can take place, 

Here again we may ask, as Pasteur did, Why does bear or 
wine become sour when exposed to ordinary air? And the 
answer to (his question was given by him in no uncertain tone 
in one of the most remarkable and most important of modem 
experimental researches. Milk and beer which have become 
sour on standing in the air contain living micro-organisms which 
did not exist in the original sound fluids. Where did these or- 
ganisms originate ? Are they or iheir germs contained in the 
air, or are these minute beings formed by a process of spon- 
taneous generation from material not endowed with life ? 

A controversy a& to the truth or falsity of the theory of spon- 
taneous generation was waged with spirit on both siaea, but in 
the and Pasteur came off victorious, for by a series of the most 
delicate and convincing of experiments he proved the existence 
of micro- organic forms and (heir spores — or sceds-^in the air, 
and showed that whilst unpurihed air was capable of setting up 
fennentative changes of various kinds, the same air freed from 
germs could not give rise to these changes. Keep away the special 
germ whivh is the incentive to the pathological change, and that 
change cannot occur. In the interior of the grape, in the healthy 
blood, no such organisms, no such germs exist ; puncture the 
gr^ oravound the animal body, and the germs floating in the 
air aeidle on the grape-juioe or on the wounded tissue, and the 
procewes of change, whether fermentative or putrefactive, set in 
with all their attendant symptoms. But crush the grape or 
wound the animal under conditions which either predude the 
presence or destroy the life of the floating germ, and again no 
such change occurs ; the grape-juice remains sweet, the wound 
clean, - . 

I have said that every peculiar fermentative change is accom- 
panied by the -presence of a special ferment. This most im- 
portant conclusion has only been arrived at as the result of 
careful experimental inquiry. How was this effected? By the 
artlflciol cultivation of these organisms. Just as the botanist or 
gardener picks out from a multitude of wild plants the special 
one which he wishes to propagate, and planting it in ground 
favourable to its growth, obtains fresh crops of the special plant 
be has chosen, so the baoterUlogist can by a careful process of 
selection obtain what is termed a pure cultivation of any desired 
organism. Having obtained such a pure oaltivation* the neat 
step is to ascertain what are the distinctive popplies of that 
special orgaoiam ; what characteristic changes does it bring about 
in maten^ suitable for its growth. This having been determined, 
and a foundation for the science having thus been laid, it is 
not difficult to apply these principles to practice, and the first 
application made by Pasteur was to the study of the diseases of 
beer and wine. 

In September 1871, Pasteur visited one of the large Ixmdcm 
breweries, in which the use of thC microscope was then unknown* 
A «iPgle glance at the condition of the yeast instantly told its 
tale, and enabled him to explaii\to the brewers the cau^e of the 
serious sute of things by which frequently as much as oo per 
cent, of their product was returned on thw hands as unsaleable 
—this being that this yeast contamed foreign or unhealthy dr- 
gonisms. And just as pure yeast fe the cause of the neeetsM 
conversion of wort into be^-, so these strange forms which 
differ morphologically from yeast, and whose pretence can 
therefore be dlstlncUy ascertained, are the cause of aciditv, 
rapiaes^ turkddity, and other diseases which render the 


beer undrinkable. It is no exaggeration jto say that, vrhiBpBdea 
before PaSteuria researdies the microscope was pjradtiea% 
unknown in the bfcwhonse, It has now become as comtudn 
as the thermometer or the saccbarlmeter^ and by its help shdt 
by the interpretations we can ^aoe upon (ts revelations through^ 
Pasteuris teaching, yeast— of all brewers* materials the least qpOA 
to rough and ready practical discernment— becomes ea^y of 
valuation as to its purity or impurity« ife vigour or weakness, 
and, therefore, its behaviour during fermentation. Thus, u/hlle 
in former days the most costly materials were ever liable to be 
ruined by disease organisms unconsciously introduced into them 
with the yeast, at the present day the possibilities of any such 
vast pecuniary disasters become easily avertable. 

Of all industries, brewing is perhaps the one which demands 
the most stringent care in regard to complete and absolute 
cleanlmcss. The brewers' materials, products, and by-products, 
are so putresdble, there is edways so vast an abundance of dis- 
ease-oi^nUms in the brewery air, that the minutest amounts of 
these waste products lying about in vessels or pipes transform, 
these places into perfect nests for the propagation 01 these micro* 
organisms, whence, transferred into the brewings, they inevitably 
rum them, however carefully and scientifically prepared in other 
respects. Without the microscope, any breach of discipline in 
the way of the supreme cleanliness necessary is impossible of 
detection ; with it we can track down the micro-organisms to 
their source, whether it be in uncleenly plant, in impurity of 
materials, or in carelessness of manipulation. 

Among the more direct applications of Pasteur’s researches, 
the so-called Pasteurization of beer claims a place. Pasteur 
showed that temperatures well below the boiling-point sufficed 
lor destroying the disease organisms in alcohmic fluids, and, 
based on these results, enormous quantities of low-fermentation 
beers are annually submitted to these temperatures, and ihua 
escape the changes otherwise incident to the micro-oij|;anlsmS' 
which have succumbed to the treatment. This process S, how- 
ever, for several intricate reasons, not suited for English beers, 
but if we cannot keep our beers by submitting them to higlV 
temperaturea, we can foretell to a nicety how they will keep by 
artificially forcing on those changes which would occur more 
slowly during storage. The application of a suitable tempera- 
ture, the exclusion of outside contamination, a microscopic 
examination of the ** forced" beer, and the knowledge which 
we owe to Pasteur of what the microscopic asp^t meant, 
suflice to make each brewing foretell its own fUture history, and 
thus suffice to overt the otherwise inevitable risks incident to the 
storage and export of beer, the stability of which is unknown. 

Brewing has thus become a series of precise and definite 
operations, capable of control at every point. Instead bf de- 
pending — as It had to depend— on intuition and experieoce^ 
nandeir down^in secrecy from father to son, it now depends upon 
care, forethought, and the soundness of the brewer's scientific 
training. Thu change in the nature of the brewer's operations, 
and In the persons who govern them, 1 $ primarily due to Pasteur. 
Other men have done much to cany on his work, but it is to hla 
example of ceaseless patience, and to his example of freely pub- 
lishing to the world all the results of his work, that the brewera 
of all countries are indebted for the connection of each pheno- 
menon with a controllable cause, and for thus emancijpatSng 
their industry from empiricism and quackery. 

Much the same story has to be told about Pasteur^s invastka- 
tion of wine and its diseases. As with the brewer, so with rew 
wine-grower Pasteur has pointed out the causes of hSs troubtes, 
and, Uie causes having httn ascertained, the remedies soon fid- 
lowed, and the pract^l value of these resear^es to the trade 
of Franca anti other wlne-prodnciDg countries has bech 
enormous. 

The next labour of our scientific Hercules was of a dlflisrenb 
kind, but of a no less Interesting or important character. The 
south of France is a great aillifi^oducing district. In ipSfiS m 
value of the raw stlk liras rej^eiented by a sum of sos^ 
millions stsrilng, astd up to that date the revenue from thlseOttree^ 
had been greatk angmentkig. Suddenly this tide of prcqpsri^ . 
turned, a terrible pleflfhe br^e out amongst the rilkwotiba, : 
in 1865 so general M the disease become that the 
production of French sUk did not jreach one million, 
consequent poverty aad aulTerikk endtired In 
became appaUkg. Every conceivable meai^ was trka 1b \ 
come the dkeese, hm all In vahu lire pc^wjatlbh 
Government of EranhaH^r the evU was a ' 

at their wUs’ end, ai^ a oompl^rie Oolls^e of ohe di 
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French industries seemed ineviuble. Under these 

S Mtaoces the peat cheoais: Dumas, who was born at Ala», 
centre of one of the districts mo>t: seriously affected, urged 
et^ Pasteur to undertake aa investigation of the subject. 
Paitfl^, who at this time had never seen n silkworm, naturally 
IhU dtradent about attempting so difficult a task, but at last, at 
Dumai renewed entreaty, he consented, and in June 1865 
betook himself to the south for the {purpose of studying the 
disease on the spot. His previous training here again stood him 
in good, stead, aud in September 1865 he was able to communi* 
cate to the Academy of Sciences results of observation and 
experiment which, striking at the root of the evil, pointed the 
way to the means of secaring immuni^ from the dreaded plague. 
This paper was freely criticised. Here, it was said, was a 
chemist who, quitting his proper sphere, had the hardihood to 
lay down rules for t he guidance of the physician and biologist in 
fields specially their own. Why should his proposals be more 
successful than all the other nostrums which had already so 
egregiously failed ? 

In order to appreciate the difficulties which met Pasteur in 
this inquiry, aqd to understand how wonderfully he overcame 
them, I must very shortly describe the nature of this disease, 
which is termed ^hrintt from the black spots which cover the 
silkworm. It declares itself by the stunted and unequal growth 
of the worms, by^ their torpidity, and by their fastidiousness as to 
food, and by their premature death. 

Before Pasteur wont to Alais the presence of certain micro- 
scopic cor])uscles had been noticed in the blood and in all the 
tissues of the diseased cat erj?i liar, and even in the eggs from 
which such worms were hatched. These micro-organisms often 
fill the whole of the silk organs of the insect, which in a healthy 
condition contain the clear viscous liquid from which the silk is 
made. Such worms are of course valueless. Still this know- 


ledm did not suffice, for eggs apparently healthy gave rise to 
stricken worms incapable of producing silk, whilst ^ain other 
worms distinctly diseased yielded normal cocoons. These diffi- 
culties, which had proved too much for previous observers, were 
fully explained by Tasteur. *' The germs of these organisms,'* 
said he, ** which are so minute, may be present in the egg and 
even in the young worms, and yet baffle the most careful search. 
They develop with the growth of the worm, and in the chrysalis 
they are more easily seen. The moth derived from a diseased 
worm invariably contains these corpuscles, and is incapable of 
breeding healthy progeny." 

This moth- test is the one adopted by Pasteur, and it is an 
infalHble one. If the female moth is stricken, then her eggs — 
e^n though th^ show no visible sigjn of disease— -will produce 
sick worms. If in the moth no micrococci are seen, then her 
immediate progeny at any rate will be sound and free from 
inherited iaint, and will always produce the normal quantity of 
silk. But this is not all. Pasteur found that healthy worms 
can be readily infected by contact with diseased ones, or through 
germs contained in the dust of the rooms in which the worms 
are fed. Worms thus infected, but free from inherited taint, can, 
however, as stated, spin normal cocoons, but^and this is the 
important point— the moths which such chrysalides yield invari- 
ably produce diseased eggs. This explains the anomalies pre- 
viouttly noticed. The silkworms which die without spinning are 
those In which the disease is hereditary, vfs- those born from a 
diseased mother. Worms from sound eggs which contract the 
disease during their life-time always spin their silk, but thev 
give rise to a stricken moth, the worms from which do not reach 
maturity and furnish no silk. 

, Ailh aw said, these results were but coldly received, It was 
hard t6 make those engaged in rearing the worms believe in the 
dfficacy 01 the proposed cure. Then, seeing thU state of things, 
Pasfteur determined to take upon himself the rUt of a prophet. 
Hay^g ia 1866 carefully examined a considerable number of 
the rnbths which had laid eggs intended for Inouhation, he wrote 
down tt pred^<:tion of affiat would happen in the following year 
respect to the worms hatched from these eggs. In due 
odu)^ after the worms from a mined batch of healthy and tin- 
hmdthy ^gs had spun# the sealed letter was opened and read, 
athd piedkition compared with the actual, vesitlt# when it was 
that in twelve our of fourteen cases thyre was abeolute 
commity by the prediction and the observation, for : 
tudchlOfiti iyete predicted to turn oat disaaa^# and this 
to by the case, Now all these ** educations were 
4 to he healthy by the odltivators, bat Pasteur foretold 
^ wOold tuna out to be dlieaeed by the appncatlon of the 
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moth-test in the previous year. The other parcels of eggs were 
pronounced by Pasteur to be scund, because they were laid by 
healthy moths containing none of the micrococci, and both these 
yielded a healthy crop. So successful a prophecy could not but 
gain the belief of the most obtuse of cultivators, and we are not 
surprised to learn that Pasteur’s test was soon generally applied, 
ana that the consequence has been a return of prospentv to 
districts in which thousonds of homes had been desolated by a 
lerrible scourge. 

I must now ask yon to accompany me to another and a new 
field of Pasteur’s labours, which, perhaps more than his others, 
claims your sympathy and will enlist your admiration, because 
they have opened out to us the confident hope of at least obtain- 
ing an insignt into some of the hidden causes and therefore to 
the possible prevention of disease. 

Id the first place, 1 must recall to your remembrance that most 
infectious diseases seldom if ever recur, and that even a slight 
attack renders the subject of it proof against a second one. Hence 
inoculation from a mild case of small -pox was for a time prac- 
ticed, but this too often brought about a serious if not fatal attack 
of the malady, and the step taken byjenner of vaccinating, 
that is of replacing for the serious disease a slight one whiair 
nevertheless is aumcien t protection against small-pox infection, 
was one of the highest importance. But jenner’s great dis- 
covery has up to recent years remained an isolated one, for it 
led to no general method for the preventive treatment of other 
maladies, nor had any explanation l)een offered of its mode of 
I action. It is to Pasteur that science is indebted for the 
generalization of Jenner’s method, and for an explanation wliich 
bids fair to render possible the preventive treatment of many — 
if not of ail — infectious diseases. It was his experience, based 
' upon his researches on fermentation, that led to a knowledge 
I the nature of the poison of such diseases, and showed the possi- 
bility of so attenuating or weakening the virus asr to furnish a 
I general method of protective or preventive inoculation. 

I have already pointed out how a pure cultivation of a microbe 
can be cflfecied. Just as the production of pure alcohol depends 
on the presence of the pure yeast, so special diseases are de- 
pendent on the presence of certain definite organisms which can 
be artificially cultivated, and which give rise to the special 
malady. Can we now by any system of artificial cultivation so 
modify or weaken the virus of a j{iven microbe as to render it 
possible to inoculate a modified virus which, whilst it is without 
danger to life, is still capable of acting as a preventive to further 
attack? This is the question which Pasteur set himself to solve, 
nor was the task by any means an apparently hopeless one. He 
had not only the case of Jcnneiian vaccination before him, but 
also the well-known modifications which cultivation can bring 
about in plants. The first instance in which Pasteur succeeded 
in cfTeciing this w'eakening of the poison was in that of a fatal 
disc ase to which pouItiT in France are very liable, called chicken 
cholera. Like many other maladies, this is caused by the presence 
of a micro-oiiganism f ound in the blood and tissues of the stricken 
fowl. One drop of this blood brought under the skin of aher-hby 
chicken kills it, and the same microbe is found throughout its 
body. And if a pure culture of these microbes be made, that 
culture — even after a series of generations— is as deadly a poison 
as (he original blood. Now comes the discovery. II these 
cultures be kept at a suitable temperature for some weeks cxpijsed 
to pure air, and the poisonous properties tested from time to time, 
the poison i« found gradually to become less powerful, so that 
after the lapse of two months a dose which had formerly 
fatal now does not disturb in the alighte t the apparent health w 
the fowl. But DOW let us inoculate a chicken with this weakened 
virus, it suffers a slight illness, but soon recovers. Next let us 
give it a dose of the undiluted poison, and, as a control, let u$ 
try the action of the same on an unprotected bird. What is the 
result ? Why, that the first chicken remains unaffected, whilst 
the second bird dies. The inoculation has rendered it exempt 
from the disease, and this has been proved by Pasteur to be true 
in thousands of cam, so that, whereas the death-rate in certain 
districts amongst fowls before the adoption of Pa‘'teur'8 inocula- 
tion method was to per cent, after its general adoption it has 
diminished to less than t per cent . 

tVe can scarcely value too highly this discovery, for it proves 
that the poisonous nature of the microbe is not unalierahl e, but 
that it can be ardfidally modified and reduced, and thus an 
explanation is given of the fact that in an epidemic (he virus 
mUy either be preserved or become exhausted according to the 
condkioiis to which it is subjected. We have here to do with a 
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OiftilmUftr te that ofjenner's vacdn*, except that here the i«]a- 
floft Mweeh the weak and the atronsf poison has htome ttAO^a 
to tt8> wbiUt in TennerV case it has lain cpnceale<l. This then, 

the trlmph of experirhental inquiry into the cante and 
prevention of microbic disease, and this method of attenuation 
IS of great Importance, because, as we shall see, it is not con* 
fined to the case of chicken cholera, but is applicable to other 
dUeaset. 

And next I will speak of one which is a fatal scourge to 
•cattle, and is not unfrequently transmitted to man. It k called 
anthrax, splenic fever, or woolsorters^ disease. This plague, which 
lhas prored faftal to miUions of cattle, is also due to a microbe, 
which can be cultivated like the rest, and the virus of which can 
also be weakened or attenuated by a distinct treatment which I 
will not here further specify. Now, what is the effect of inoculating 
•cattle or sheep with this weakened poison ? Does it act as a 
preventive? That the answer is in the affirmative was proved by 
Fasteur by a convincing experiment. Five-and-twenty sheep, 
chosen promiscuously nut of a Hock of fifty, were thus inoculated 
with the weak virus, then after a time all the fifty were trea ted 
with the strong poison. The first half remained healthy, all the 
others dicfl of anthrax. Since the discovery of this method, no 
^wer than 1,700,000 sheep and about 90,000 oxen have thus 
been inoculated, and last year 269,599 sheep and 34,464 oxen 
were treated. The mortality which, before the introduction of 
the preventive treatment, was In the case of sheep to per 
•cent., was, after the adoption of the method, reduct^ to less 
than t per cent. So tnat now the farmers in the stricken 
districts have all adopted the process, ami agricultural 
insurance societies make the preventive inoculation a sint 
mn for insuring cattle in those districts. This is, however, not 
'the end of this part of my story, for Pasteur can not only thus 
Vender the’ anthrax poison harmless, hut he has taught us how to 
'bring the highly virulent poison back again from the harmless 
form. This may go to explain the varying strength of an attack 
of infectious cUseose, one case being severe and another but 
sli^t, due to the weakening or otherwise of the virus of the 
ax:tive microbe. 

Last, but not least, I must refer to the most remarkable of all 
Pasteur's researches, that on rabies and hydrophobia. Previous to 
'the year 1880, when Pasteur began his study of this disease, next 
sto nothing was known about its nature. It was invested with the 
cnysteuous horror which often accompanies the working of secret 
poisons, and the horror was rendereil greater owing to ihe fact 
that the development of the poison brought in by the bite or by 
the lick of a mad dog might be deferred for months, and that, 
if after that length of lime the symptoms once make their appear- 
ance, a painful death wits inevitable. We know indeed that the 
virus was conulnej in the dojjr's saliva, but expenmems made 
upon the inoculatirn of the saliva hod led to no definite re^ilts, 
and wc were entirely in the dark as to the action of the poison 
until Pasteur’s investigation. To begin with, he came to the 
conclusion that the disease was one localized in the nerve-centres, 
^and to the nerve-centres he therefore looked os the seat of the 
virus or of the microbe. And he proved by experiment that 
this U the case, for a portion of the matter of the spinal column 
•of a rabid dog, when injected into a healthy orie, causes rabies 
with a much greater degree of certainty and rapidity than does the 
infection of the f aliva. Herr, then, we have one step in advance. 
The diseaife is one of the nerve-centres, and, therefore, it only ex- 
hibits itself when the nerve- centres are attacked. And this goes to 
explain the varying times of incubation which the attack ex- 
^ibiti. The virus has to travel up the spinal cord before the 
ayroptoms can manifest themselves, and the length of time token 
over that journey depends on many circumstances. If this be 
so, the period of incubation must be lessened if the virtu is at 
ohee introduced into the nerve-centres. This was also proved 
to be the case, for dogs inoculated under the dura maf<r in- 
variably became rabid within a period rarely exceeding mghteen 
^aya 

Next came the q^tlon, Cah this virus be weakened, as has 
been proved possible with the former poisons ? The dft^cuHy Ih 
thfe ifese was greater, kosmdeh as all attempts to isolate or to 
^cultivate the genial microbe of rabfea outside the animal 
bad iaiied. But Pastenr^s eneigy and foresight oreroatne thfe 
and a method was by whkh this terrlbfe 

poison can so far be weakened as to lose its vimleat 
but yet remain potent enough, like the oases ahtady qoot^i lo 
jact as a preventive ; and dogs which had thus bean inoettUM 
were proved to he so perfectly protected, that they migbi be 


bitten with impunity by mad dogs* or inoculated hannlafe^ #^h 
the most powerful virus. , ^ 

Bat yet another step. Would ihe peeveotive action the 
weakened virus hold good when it is Inoculated even the 
bite ? If so, it might be thus possible to save ihe lives of 
bitten by dogs* Well, experiment has also proved |nbe 
true, for a number of dogs were bitten by inad ones* or Wire 
inoculaud under the sk ^ with rabic virus ; of these wag wt«re 
subjected to the preventive cure and others not thus treided. Of 
the Hist or protected series not one became mad, of the other, 
or unprotected dogs, a large number died with all the character*- 
istic symptoms of the disease. But it vnts one thing to 
experiment upon dogs, and quite another things as yon may well 
imagine, to subject human beings to so novel and perhaps dan- 
gerous a treatment. Nevertheless Pasteur was bold enough to 
take this necessary step, and by so doing has earned the gnuitude 
of the human race. 

In front of the Posteor Institute in Paris stands a statue 
worked with consummate skill in bronze. It represents a F^nch 
shepherd boy engaged in a death struggle with a mad dog which 
had been worrying n is sheep. With his bare hands, and with 
no weapon save his wooden sttfioff the boy was successful in the 
combat. He killed the dog, but was horribly bitten in the fight. 
The gn>up represents no mythical struggle ; the actual event 
took place in October 1885 ; and this Iwy, Jupille, was the 
second person to undergo the ami rahtc treatment, which 
proved perfectly successful, for he remained perfectly healthy, 
and his neroic deed and iu consequences have become historic. 
“ C'esf U premier pas <fui coute^^* and a$ noon as the first man 
had been successfully treated, others similarly situated gladly 
availed themselves of Pasteur’s genermi ofiFer to treat them 
gratuitously. And as soon Os this cure became generally known, 
crowds of persons of all ages, stations, and countries, all bUten 
by rabid animals, visited every day PasteurS laboratory in the 
Rue d’Ulm, which, from being one in which quiet scientific re- 
searches were carried on, came to resemble the out-patient de- 
partment of a great hospital. There I saw the French pea9a^^ 
the Russian moujik (suffering from the terrible bites of rabid 
wolves), the swarthy Arab, the English policeman, with women 
too and children of every age, in all perhaps a hundred patients. 
All were there undergrdng the careful and kindly trealmcnf. 
which was to insure uiem against a horrible death. Suck a 
eight will not be easily forgotten. By degreea this wonderful 
cure for so deadly a disease atcracte<l the attention of men of 
science throughout the civilized world. The French nation 
raised a monument to the discoverer better than any statue, tn 
the shape of the ” Pasteur Institute" — on institution devoted to 
carrying out In practice this anti- ruble treatment, with Ubons- 
torics and every other convenience for extoadin|[ by research our 
knowledge of the preventive treatment of infectious diseaee. 

For, be it remembered, we are only at the beginning of these 
things, and what haa been done is only an inlrilng of what is 
to come. Since $885, twenty antt-rahic institutions have been 
estaldished in variems patls of the world, including Naplei, 
Palermo, Odessa, St. Petersburg, Constantinople, Rio Jaiiciro, 
Buenos Ayres, and Havannoh. 

We in England have also taken our share, though asmatl onef 
in this work. In 1885 I moved in the House of Commons fer a 
Committee to Investigate and report on Pasteur's anti-amble 
method of tTeatment. This Committee consisted of itmsttd aod 
well-known English of f^Cfenoe and phyaicians^$iir Jamee 
Paget, Sir Joseph Uster« t>r8w Burdon Sanderson, Lander 
Bruntou, Quoin, Ffemlng, and myself, with Prof* Viefcor 
Hortley as secretary. We exomio^ the whole auhto/ in- 
vestigated the details of a number of cases, repeated 
experiments on anlmoh, discussed the published statfetics^ ggA 
arrived unanimously si the opinion, that PastkUr was lusmi^ in 
hU condlusionr, and that- hie ant^rabfe treMsent Into 
a great andilosring behefit bn Slnbc ^len Hfe Reykl 

Highness The FHnbd of Walefi, who always takeaa vtvfd 
inquettfesw afltefeg'thfe wert-helii of ttm ppop^ Iwfc* 
the rMtbur Instiuae, mad haft expressed in 

favour of a movemehii etariea by ihe present Lorii hlnw nf 
London* $m showing td PasieOt^ by a XUbManiial 
om ^p^lHode feriwhat he iWts 
<bf who havo umMgome 

and ensMe fw pewi^ wbh 

bitten, to ttndenfekir Hit j^rhoy to Pari, 
neptosftty far thdr iteattoont. This feels kWm 
neariy painfess, and 110 single bsee of 
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to the preventive treatment— occurred 
ttie 700& periinui who have so far ^undergone the 

Jet PFke put before you (he answer to the question, Is this 
tne^tUghgitt a real cure ? For this has been doubted by persons, 

; of whom will I fear still doubt or profess to doubt, and 
etm ahttso Pasteur whatever is said or done 1 From all that can 
1o« iemmt about the matter, it appears pretty certain that about 
from fiftOCQ twenty persons out of every hundred bitten Iqr 
mad dogs or cats, and not treated by Pasteur’s method, develoj) 
the disease, for 1 need scarcely add that all other methods of 
. tiuaimcnt have proved fallacious ; but bites on the face are much 
more dangerous, the proportion of fatal cases reaching 80 per 
cent* Now of 2164 perxons treated in the Pasteur Institute, 
from November 1^85 to January 1887, only thirtydwo died, 
showing a mortality of i *4 per cent, instead of fifteen to twenty, 
and aomngst these upwards of 2000 persons, 214 had been bitten 
on the face, a class of wounds in which, as 1 have said, when 
untreated, the mortality is very high ; so that the reduction in 
the death-rate seems more remark Ale, especially when we learn 
that in fdl these cases the animal inflicting the wound had been 
proved to be rabid, The same thing occurs even in a more 
marked degree in 1887 and r888. In 1887, 1778 cases were 
treated, with a mortality of 1 '3 |«r cent., whilst last year 1626 
cases were treated, with a mortality of 1*16 per cent.^ 

Statistics of the anti- ruble treatment in other countries .show 
similar results, proving beyond a doubt that the death-rate fruni 
hydrophobia is greatly reduced, indeed, it may truly be said 
that in no case of dangerous di-'case, treated cither by medicine 
or surgery, is a cure so probable. Moreover, in spite of asser- 
tions to the contrary, no proof can Ive given that in any single 
cose did death arise from the treatment itself. And as showing 
the safety of the inoculation, 1 may add that all Pasteur’s 
assistants and laboratory workers have undergone the treatment, 
and no case of hydrophobia has occurred amongst them. 

You ai*c no doubt aware that Pasteur's anti-rabic treatment 
has been strongly opposed by certain persons, some of whom 
have not scrupled to descend to personal abuse of a virulent 
character of tho.^e who in any way encouraf»ed or supported 
Pasteur’s views, and all of whom persistently deny that anything 
good has come or con (^me from investigations of the kind. 
Such persons we need neither fear nor bate. Their opposition 
is as powerless to arrest the march of science as was King 
Canute's order to stop the rising tide. Only let us rest upon the 
sure basis of exactly ascertained fac% and we may safely defy 
alike the vopourings of the sentimentalist and the wrath of the 
opponent of scientific progress. But opposition of a much 
fauer character has likewise to be met, and it has with propriety 
been asked— How comes it that Pasteur is not uniformly 
succ^Sfiful? Why, if wliat you tell us is true, do any deaths 
at all follow the anti-rabic treatment ? The answer is not far 
to seek, Xn the first place, just as it is not every vaccination 
which protects aminst small jmx, so Pasteur’s vaccination against 
rabies occasionally fails. Then, again, Pasteur’s treatment U 
really a race between a strong and an attenuated virus. In ca^es 
in which the bite occurs near a net v. -centre, the fatal malady may 
outstrip the tn a mem in this race between U'e and death. If 
the weakened virui can a :t in time, it means life. If the strong 
Vhrui acts first, prevention comes too late— it means death. So 
that the treatment is not doubtful in all cases, but only doubtful 
in those which are und^ welMcnown unfavourable conditions. 
Thisi it seems to mci is a compl Ae replv o those who ignorantly 
that, because Pasletw’s trcai«:nt has not cured every case, 
It bf onrietiahle and woithless. 

• I have said that Pasteur is still— as he has 

uUahJriL been^a chemist. How does this fit in with the fact iha> 
^ resear^i seem to be epihely of a biological character ? 

trde, They s«em» but they wily ore not. Let me in a 
^ explain what 1 mekn. You know (hat yeast pro- 

a peittiiar tEUiihnicall suhsianoe-T*aIcohol. How it doa so we 

eiqfilajn# but the fact remains. Gradually, through 

, j Keenrphes, We are cothipg to understand that this }s not 
4m case, but that the gfoWih of every mlcro-oiganlsm is 
of sbnw iqiecial chemical substance^ aod that the true 
^ ehruCr-or the p^on causihg the disease— |s not the 
sdtf, bat the AetnioaX eompoimd which Us growth 
Mane once more the aoH4 ground of nature mists 
aye/’ and it Is only by experiment that 

Df. Sapt^ at, lyes*., 



Let me illustrate ihis l.y the mo^t recent and rerhaps the 
most striking example we know of. The disease of diphtheria iS- 
accompanied by a ^culjar microbe, which, however, only grows 
otiuidv, as it were, of the body, but death often takes place with 
rrigluful rapidity* Ibis takes place not by any action of the 
microbe itself, but by simple foisoning due to the products of 
the growing organism, which penelrate into the system, ahherngh 
the microbe does not. This diphtheritic J^aciUus can be cultivate, 
and the chemical poison which it produces can be completely 
separated by filtration from the microbe itself, just as alcohol can 
be separated from the yeast granules. If this be done, and one 
drop of this pellucid liquid given to an animal, that animal dies 
with all the well-known symptoms of the disease. This, aiMl 
similar experiments made wnh the microbes of other diseases, Uad 
to the conclusion (hat in infectious maladies the cause of death 
is poisoning by a distinct chemical camp<mnd, the microbe being 
not only the means of spreading the infection, but also the 
manufacturer of the poison. But more than this, it has lately 
been proved that a small dose of these soluble chemical poisons 
confers immunity. If the poison be administered in such a 
manner as to avoid speedy poisoning, but so as gradually to 
accustom the animal to Us presence, ihe creature becomes not 
only refractory to toxic doses of the poison , but also even to the 
microbe itself. So that instead of introducing the micro-organism 
itself into the body, it may now only be necessary to vaccinate with 
a chemical substance which in large doses brings about the disease, 
liut in small ones confers immunity from it, reminding one of 
Hahnemann’s dictum of Similia similibus curantur.” 

Here then we arc once more on chemical ground. True, on 
ground which is full of unexplained wonder-, which, however, 
depend on laws we are at least in part acquainted with, so that 
we may in good heart undertake ihtir investigation, and look 
forward to the time when knowdtdge will take the place of 
wonder. 

In conclusion, I feel that tcnie sort of apology is needed in 
thus bringing a jather serious piece of business before )ou on this- 
occasion. Still 1 hope for jour fovgivfness, as my motive has 
lecn to explain to )ou as clearly as I could the life-work of a 
chemist who has in my opinion conferred benefits as yet untold 
and perhaps unexampled on mankind, and 1 may be allowed to 
close my discourse with the noble words of our hero spoken at 
the rpening of the Pasteur Institute in the piescnce of the 
President of the French Kepublic : — 

“Two adverse laws seem to me now in contest. One law of 
blood and death, opening out each day new modes of destruction, 
forces nations to be always ready for the battlefield. The other 
a law of peat^e, of work, of safety, whose only study is to deliver 
man from the calamities which beset him, 

“ The one seeks only violent conque-^ts. The other only the 
relief of humanity. The one places a single life above all 
victories. The other sacrifices the lives of hundreds of thousands 
to the ambition a si.ngle individual. Tlie law of wliich wc are 
the in.strumcnts, strives even through the carnage to cure the 
bloody wounds caused by this law of war. Treatment by our 
antiseptic methods may preserve thousands of soldiers. 

Which of these tvio laws will prevail over the other ? God 
only knows. But of this we may be sure, that science in obeying 
this law of humanity will always labour to enlarge the froniiera 
of life.” 


THE PHYSICAL PA PEPS AT THE BRITISH' 
ASSOCIATION. 

PROF* A. W. RUCKER, F.R.S., read a paper on cometie 
■L nebula:. Prof. Lockyer has suggested that comtt-like 
nebulse may be caused by the passage of a vei y den.«e s wants 
through a stream of meteorites, the relative velocity of the iwj 
being very considerable. The author has, therefore, attempted 
to euculate the increase in the number of collisions which takea 
place in the rear of an attracting mass which passes through a 
swarm of meteoriies so sparsely scattered through space that the 
nmin effects of the attraction are produced in a distance which 
is small compared with the length of the mean free path. As- 
suming, with -Clausius, that the particles have equal velocities- 
equally dktrlbutcd in all directions and which are small com- 
pared with the leialive velocity of approach, the coUlsions will 
be most numerous w iihin a ^ne tbeapex of which is the attract- 
ing body or nucleus, and which contains the lines which are 
parallel to the relative velocities gf the individual meteoritca 
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tiid the Quoleas when 4t ao infiaUe dUtanse apart. The col* 
Iblotift wUl increase enormously wheo the nebulie coins nearer 
the witi, and will take place about every second at pomts^ in 
roaitd nambsrs| joo miles apart* 

Prof. C. Pmn Smyth, Ute Astronomer-Riwal for Scotland, 

' read a paper entitled ** Re-examination of the Spectra of 
Twenty-three Gas-vACUum, End-on Tabes* after six to ten 
year« of existence and use.” This inq^uiry began in an attempt 
to ascertain, by refined menBurations, whether there was any 
sensible difTerence of spectral place for hydrogen lines, when 
they appeared aiventltiously and scantily in tubes of other and 
very dinerent gases* or in tubes of nothing but pure and abund- 
ant hydrogen by original intention. But, after having obtained 
a negative in every case, the inquirer became more taken up 
with the tlut had occurred in certain of the tubes sub- 

eet^uent to when he published upon them in the Trans- 
actions of the Royal Society of Edinburgh. Thus, a chlorine 
tubs* of which it was printed in i88o that it was then still 
showing its chlorine lines, though fainter, after two yean* use ; 
while carbon bands and hydrogen lines had begun to appear ; 
yet now, in 1889, it has nothing but hydrogen lines* ani in 
great brilliance, to show. Again, an iodine tube which had a 
comparatively iaige quantity of solid iodine granules introduced 
into, and sealed up in, its interior eleven years ago ; and showed 
then a splendid spectrum of 148 measured iodine lines* extend- 
ing discontinously from red Co violet* and had nothing else* save 
three very faint puny imtges of the three principal lines of 
hydroMn— this tube, in 18S9* has not a single iodine line now 
left ; put its spectrum, which is brighter than ever, is composed 
of nothing but hydrogen lines, so that the once solid iodine 
granules would seem to be partly changed into hydrogen, and 
partly deposited on the inside of the tube as yellow haze, besides 
leaving a trifle of loose dust. The author also mentions with 
much satUfacrion that a London maker* Mr. Charles Catelta, 
transcended all others by supplying him with one tube of CO, 
two of N, and two of 0, which have, through six years of ex- 
istence and work, shown their respective spectra without a trace 
of hydrogen. 

Lord Rayleigh, Sec.R.S.* in a paper on the tenes of bells, said 
that observations were made on a ponsiderable number of bells 
of the usual church pattern. The pitch of the vatiom tones, 
usually five for each bell, was fixed by comparison with a har- 
monium and with the aid of resonators. Tne nominal pitch of 
the bclU appears to depend on the hightst of the tone^ re- 
corded. From a musical point of view it would seem that all 
the bells are far removed from perfection ] while the differences 
of relative pitch in the various cases recorded indicates that it 
may be possible to effect an improvement even to the extent of 
brining all the five tohes into harmonious relations. The 
quality of the sound U, however, very difficult to estimate, and 
even the imperfect octaves, of which several examples occur, 
give much less of a dissonant effect than might have been 
expected. 

Captain Abney, F.K.S., read a paper on the quantity of 
deposit of silver produced by the development on a photographic 
plate in terms of the intensity of light acting. The author con- 
cludes from his experiments that the deposit of silver made by 
difierent intensities of light varies directly as the intensity of light 
acting— this, of course, within such limits that reversal of the 
image is not commenced* and that the film is not at any part 
exhausted of the silver salt which can be reduced. 

Lord Rayleigh, Sec. R.S.* read a paper on pin-hole photo- 
^phy. It was shown, in the Phiiospp^Uat for 1880, 

that a simple aperture was as effective as the best possible lens in 
forming an iipage, provided only that the focal length (/) was 
sufficiently greet. Conversely, if / be given, the aperture may be 
made so small that the use of a lens will give no advantage ; but 
if the focal length was such os was usually afforded by a camera, 
the admissible aperture, being very much less than that of the 
^pil of the eye, is insufficient for reasonably good definition, 
an some recent experiments the focal length was about 9 feet, 
and the aperture ^ inch. The specimens exhibited were taken 
upon gelatine plates, and re^esented a weathercock seen against 
the Hky, The amount of detail was not m iterially lets than that 
observable by direct vision in the case of ordinary eyet, but 
modem plates are so sensitive that there would be no difficulty 
in working with an apertare equal to that of the papii, other 
than that incurred in providing a focal length of 6d feet, with 
the neceistry exclusion of foreign light. 

Prof. 0 . j; Lo^e, P.lt.S.,aod iltfr, R. T. GUxebrook, F.R.S.i 


read a paper on the determination of v by means of electric 
oscillations* The authors have recently made a determination 
of V, using the oscillatory discharge of a condenser. The 
of the discharge, which passed between two terminals connected 
through a circuit of measured self-induCiion to a Condenierof 
known capacity, was determined by forming an image of the 
s^rk on the edge of a rapidly revolving clrcnlar photographic 
plate, the rate of revolution bemg accurately ascertained. 

Prof. A. W. Rucker, F.R.S., read a paper on the instruments 
used in the recent magnetic survey of France. A magnetic sur- 
vey of France has recently been completed by M. Moureaux, 
who has determined the magnetic elements at some seventy 
stations. Prof. ROcker exhibited a set of instruments recently 
made under the supervision of M. Moureaux for the Science 
Museum at South Kensington. 'Fhe point aimed at in their 
construction was to secure accuracy combined with dimensions 
and weight much less than those of the Kew pattern instruments. 
The main points in the construction are (i) that the needles 
used are much smaller than those used in the Kew pattern instru- 
ments { (2) the end of the declination needle forms a concave 
mirror, and a reading is taken when the image of a linear mi^ 
formed by the mirror is in the prolongation of another line which 
is exactly opposite to the first on a thin piece of metal ; (3) the 
geographical meridian is determined by a theodolite, which 
forms part of the apparatus, instead of by using — his in the Kew 
— a plane mirror to reflect the image of the sun into a horizontal 
telescope ; (4) extremely fine silk threads arc able to support the 
small magnets used ; (5) in the dip circle (he graduated arc 
rotates in its own plane about a horizont.!! axis* and a reading is 
taken when the end of the needle and its image, formed by a 
concave mirror attached to the graduated circle, coincide when 
viewed through a microscope. 

Prof. J, A. Ewing, F. R.S., in a paper on the magnetic 
viscosity of iron, described experiments showing that in certain 
circumstances the process is gradual by which iron assumes mag- 
netization after the imposition of magnetizing force. The 
experiments are given in detail in Proc. Roy. Soc., June 20, 
1889. 

Prof. Everett, F.R.S.* read a paper on the relation between 
Viracbistochrones and ray paths, in which he pointed out an 
application of well-known laws of optics to the comparison of 
the law of force for a free path with the law of force for a path 
of least time, the path Itself being supposed given ; and to the 
closely allied problems of deducing Ihe form of the path of least 
time from the form of the free path when the law of force is 
given. Most of his results, he stated, have previously been ob- 
tained by means of the principle of least action, but the optical 
methcKl will be available for many Students who hxve not 
mastered that principle. 

Prof. Cayley, F.K.S., addressed the .Section on curves in 
space. 

Prof. J. A. Ewing, F.R.S., read a paper on hysteresis in the 
relation of strain to stress. It is now well known that when 
an iron wire is subjected to the alternate application and removal 
of tensile stress, many times repeated, certain of Its qualities 
which are affected by the changes of stress exhibit hysteresis 
with regard to the changes of stress. If the load is cycRcally 
varied between definite limits, these qualities do not have the 
same values at corresponding interme<liaie points during the 
application and removal of load ; there is hysteresis or la^ng 
in the change of quality, and in some cases this appears to w of 
a static character^that is to say, independent of the time-<rate 
of variation of stress. Conspicuous instances of this action are 
seen in the change of magnetic and thermo-electric qualities 
under change of stress, some of wluch have been described by 
the author in former papers. It is natural to look for an e^t 
of the same kind in tne extension and retraction which the vrire 
undergoes. We should expect that, after the change of 
has been frequently repeated so that a cyclic is establiidfed, 

the wire will, for any value of load mtermediate bete^cen 
two extremes, be longer during unloading than durhig loading* 
Evidently, if such aoeff«Ctexist,ltmu8t be small, as It is well khown 
that the pwportionaUty of strain to stress which is «scpveei«4 V 
Hooke's law is at legst approximately exact. Sir Thdffjfsed, s 
experiments on the dammng of torsional vibrators have 
shown that an action of (he kind spoken of occurs hi 
performed cycles Of torsional Striun. But It duel not 
have been looked for in slow cycles of lotufUbdiM pw ^ 
author has, with the assistance, of one of hU studdrh^ P* 
I^iw, looked for thOhfiht^' in queadon, odd has feiusd % 
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in btit in steel, brass, and copper wires. He has not yet 
enMnined other met^s. The experiment consisted in obscrnng, 

a much Optical macDihcation, the exteDsion of a very long 
6 { wire, directly loaded with lead weights. The wire was 
from a rieid support in a testing flue or recess, built in the 
witll of the laboratory, and extending up through four stories. 
At a distance of 806 cms. below the top a small clamp was fixed 
ph the wire, and this formed the support of the back foot of a 
Utile ttipcMi, the feet of which consisted of three needle points 
about an inch apart. The two front feet rested in a slot and 
hole in a flxed shelf which stood In front of the long wire. The 
tripod carried a plane mirror which became tilted forward or 
backward as the wire extended or retracted. Headings were 
taken by a telescope of the reflected scale of a levelling staff 
placed vertically at a distance of some 5 metres from the mirror. 
The staff was graduated lo t/ioo of a foot, and it was easy to 
read by estimation to i/iooo of afoot, which corresponded to 
o '000000 102 of the length of the wire. At first a nxed shelf 
was used to support the two front feet of the mirror, but the 
effects of temperature were found to be excessive, although the 
neatest care was taken to shield the wire from draughts ; and 
the plan was resorted to of hanging the shelf from two adjacent 
wires of the same material, suspended from the same support as 
the wire which was lo be stretched. In this form the arrange' 
ment for optical multiplication was nearly the same as one used 
by Mr. Hottomley In recent experiments on the extension of 
loaded wires by heat. 

Prof. Henry Stroud, in a paper on the E.M.F, produced by 
an abrupt variation of temj^erature at the point of contact of 
two portions of the same metal, gave the results of experiments 
on the E.M.F, produced when two portions of the same metal 
are in contact, and one i^rtion is Xr// at a high temperature and 
the other at a low temperature. The precautions necessary in 
the j’ifirformance of such experiments are discussed in the paper, 
and the results obtained are given in the case of copper and 
iron. The E.M.F. established in the case of copper is from 
hot to cold across the junction, while in the case of iron it is 
from cold to hot, and of far greater magnitude. These experi- 
ments are l)eing continued with a view to obtaining the relation 
between the E.M.F. and the diflercnce of temperature. 

Prof. McLeod, F.R.S,, in a paper on the black-bulk thermo- 
meter ttt concludes the black bulbs should be as small as 

possible, and very little of the stem blackened, and also that 
the case should be as thin os is consistent with strength. 

Sir W. Thomson, F.R.S., communicated a paper, by Magnus 
Maclean and Mokiia Goto, on electrification of air by comous- 
tion. A scries of ext>criments was made, under the instrucUon.s 
of Sir William Thomson, for the purpose of endeavouring to 
find : (i) the state of the air inside a room as regards electrifica- 
tion ; (2) the relation between electrification of a»r within a 
building and the atmospheric potential in its neighbourhood 
outside ; and (3) tlie causes whicn produce or change the elec- 
trification of any given mass of air. It was found that an in- 
closed mass of air is electrified negatively by the burning of a 
paraffin lamp, of coal gas, of sulphur, of magnesium, and of 
several other substances ; and, on the other hand, the burning 
of charcoal electrified a room positively. 

Prof. C. Michie Smith read some notes on atmospheric elec- 
tricity and the use of Sir W. I'homson’s portable electrometer. 
Recent observations fully confirm the author*s previous con- 
chisions that, with a dry west wind, the potential of the air for 
some distance above the ground is usually negative. This seems 
fidways to be associated with dusty air. In using the portable 
electrometer in hot moist climates, special precautions have to 
be taken in drying it. As much sulphuric acid must be used as 
the pumice can absorb, and the pumice should be dried at least 
once a fortnight* The chargln g- rotl itself must be very carefully 
dried^ and, eJter charging, should be lifted out with a piece of 
Wi^ silk. 

Mr. W. Clayden read a i?aper on dark flashes of lightning. 
rThe anthor exhibited a negative taken on June 6 last, which 
jdmwa several reversed images of lighlning'ftashes. He de- 
^tdbi^d a tarJes of experiments whidi he bad carried out with 
, tbd object oT diecovering whether Che phenomenbn could be 
lahmatory. The steps In the investigation were 
Umitrftkcd by a serlea of negatives showing photographs of elec- 
The oouclaslous arrived at are^ that photographic 
‘ sparks can be reversed by iheacUpn of dif- 

is only produced when the exposure to 
^ subiCqiwt tp (or possibly sJmultaneotts with) 


exposure to the image of the spark. If the plate is first acted 
upon tw diffused light, the sparks give a d irect image unless the 
a^ion has ^en considerable, in which case they sedm to make 
no impression. 

Prufi Cleveland Abbe, in a paper on the determination of the 
amount of rainfall, gave a n*sum^ of the general results of in- 
vestigations on this subject. The deficit in catch V>y a gauge due 
to the eddies of wind is shown, on general reasoning, to be 
proportional to the velocity of the wind and to the relative 
percentage of small and slowly* falling drops. 

Prof. C. Piazzi Smyth, late Astronomer-Royal for Scotland, 
read a paper entitled “ Hygrometry in the Mettorological *Jour- 
mo/."’ After noting the superior value officially attached to 
determinations of the mean temperature by observations of 
self-registering thermometers, recording its maximum and mini- 
mum every twenty-four hours, the author inquires why the still 
more difficult problem of ascertaining the mean daily moisture 
of the atmosphere is thrown over to a different principle of ob- 
serving, long since condemned for simple temperature, lieliev- 
ing that the want of good seif-registering dry- and w*et-bulb 
thermometers for the purpose was the chief obstacle, and having 
alighted on some recent makes of Sixe*s thermometers with 
several very recommendable qualities, he invested two out of 
four of them with the peculiar fittings for wet- bulb hygrometers, 
after having made a table of index corrections for them all, as 
compared with standard thermometers. But as soon as hygro- 
metric observations began, the depression of the wet, below the 
dry, bulb always came out at only two-thirds of what a standard 
but non- registering Glaisher arrangement gave out, for the hori- 
zontal form of Sixe, and no more than half for a vertical form. 
These differences of hygromelric statement, though rather puz- 
zling for a time, were traced up to the wet bulbs of the Sixe*s 
thermometers being in contact on one side with the scale- plate. 
For when that plate in the horizontal Sixe form was cut entirely 
away from the bulb, and a new vertical form of Sixe was made 
{far Mr, James Bryson, Edinburgh) with its long thin bulb 
wholly outside the rest of the instrument, the indications of all 
three varieties of vet- bulb hy^omeleis became practically the 
same ; and hygrometry was refieved of the old drawback on its 
registrations of maximum and minimum quantities of moisture 
in every twenty -four boiirs, 

Mr. F. T. Trout on read a paper on some experiments on 
radiation with Prof. Hertz’s minors. These experiments were 
described in Natijkb, vol. xxxix. p. 391, and vol. xl. p. 398. 
Certain of them were repeated by Mr. Trouton in the Physical 
Laboratory of the Durham College of Science, 

Profs. A. W. Rucker, F.R.S., and T. E. Thorpe, F.R.S., 
read a paper, on the relation between the geological constitution 
and the magnetic stale of the United Kingdom, before a joint 
meeting of Sections A and C. The authors have, during the 
last five summers, determined the magnetic elements at 200 sta- 
tions, distributed over the whole of the United Kingdom, and 
have employed the results of their observations in a study of the 
disturbing magnetic forces in play in various districts. If all 
disturbing causes were removed, an observer travelling due west 
from London would find that the declination increased by about 
half a degree for each degree of longitude. In fact, the rate of 
increase, though equal on an averse to this amount, is irregular. 
Between London and Windsor it U considerably larger, and 
between Windsor and Reading smaller than the mean. The 
forces which produce these abnormal variations denend upon the 
geological character of the district. Two principal theories have 
been proposed to account for these disturbances ; (i) the the^ 
of direct action of magnetic rocks ; (2) the other explanation 
associates the deflection of the needle with disturlmnces of the 
earth currents of electricity produced by irregularities in the 
geological constitution of the country, and especially with geo- 
it^iciu fiauUs. On the whole, the authors think that the theory 
of the direct action of magnetic rocks agrees best with the 
observed facts, and they have shown that the kingdom con be 
divided into a small number of magnetic districts in which the 
directions of the disturbing forces are evidently closely connected 
with the geological constitution. 

In a paper on> the passage of electricity through gases, Prof, 
Arthur Sdmster, F,R,S., gave an acccount of his investi^tiona 
during the la^t two years on the distribution of potential m the 
B^bbourhood df the negative pole of discharge of electricity 
through rarefied gam Knowing the rate of fall of potential, it 
can be determined whether there is any bodily electrification in 
any part of the negative glow. It was round that the kathode h 
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^rrottOL'cl by aa alaioaphero of positively electrified gefeous 
{Mkrtides exteming the outer edge of the soc&Ued dark a^e. 
Aoeordiog to the author’s views^ this atmosphere corresponds to 
the poUrued layer adjoining the n^ative electrode in on electro- 
lyte. The cattMi of the sudden dlnerence in luminosity between 
the dark apace and the negative glow has aUo been investigatedt 
and k has been found that negative particles projected from the 
kathode pass udhindered through the dark space, white their 
velocity It quickly reduced in tlm glow proper, the translatory 
energy being thus changed into energy of vibration. 

P^. Oliver J. Lodge^ F.R.S., read a paper on the failure 
•of metal sheets to acmten off the dectrostatic effect of moving or 
varying charges. EKperimenta hams been made on the screening 
•effect of a very thin film of silver chemically deposited, the 
thickness of the deposit being different in the different expeii- 
wieDts. The silver Screens arc only found to protect so long as 
lihey are opaque \ they no longer do so when the deposit is 
so thin as to be transparent. 

Prof. James Blyth described a new form of current-weigher. 
In the construction of balances for the measurement of electric 
■cunetit*, a greater or less difficulty hax always been experienced 
in leading the current into the movable parts of the instrument 
without seriously Interfering with its sensibility. Several methods | 
fiave been adopted to overcame this dlfhculty. In some balances 
the current is led in by mercury cups ; in others, flexible leads, 
made of thin wire spirals or thin metal strips, are employed ; 
white, In the recent balances by Sir William Thomson, the diffi- 
culty has been overcome by means of his well-known ligature 
suspension. Some time ago it occurred to the author that still 
another form of balance might be employed for this purpose, 
and the present paper U a short description of one which he has : 
mode. The balanoe referred to is of the ortUnary Robervai I 
type, with the pivot connections all replaced by tightly-stretched ' 
torsion wires. ^ It is constructed as follows : — On a flat base- 
board are placed two vertical uprights of wood or other insulat- ' 
ing material, about 6 inches apart. Between these are stretched 
two parallel wires in the same vertical plane about 3 inches 
apart. To the middle points of these wire4 are soldered the two 
horisontal metal bars of the Robervai. 'fhese are about 9 inches 
long. Both horixontol bars terminate at each end either in forks 
or rtngs, placed in a horizontal plane, and wires are tightly 
stretched bet we^en the prongs of the forks, or across a diameter 

the rings. To the middle points of these last wires are 
«ttacdied, also by soldering, the vertical bars of the balance, 
thus oomf^eting what takes the ^ace of the ordinary jointed 
parallelogram of the Robervai. The vertical bars have metal 
terminals, insulated from each other, and carry the circular 
disks, on the rims of which the movable coils of wire are wound. 
The bars pass at right angles through the centres of the disks, 
and are Axed to them at their middle points. The middle coils, 
which are nf exactly the same diameter as the movable ones, are 
supported from the ba^e-board, and are placed so that one is 
about half an inch above one movable coil, while the other 
is as much below the other movable coil. From this it 
will be seen that, when the balance is in equilibrium, the 
Axed and movable coils are all horizontal, with a space 
of about half an inch between each pair. The stretched 
wires may be either of steel or phosphor-bronze, and before 
beltig Anally soldered ara placed under considerable tension. 
The current flows through the instrument fhui ^Entering, say, ' 
by the upper wire connecting the fixed supports, it passes to the 
upper horizontal bar. There it spUts into two, one half (sup- ^ 
p4|ing the resistances equal) passing to each end of (he bar. and» 
by means of the eommonding fork-wires, passing through the 
movable coils. From the movable coils each half returns along | 
the lower .horizontal bar^ and together pass out by the lower ; 
wire connecting the two main supports. From this the whole 
cureent passes tuat through the one Axel ooU, and then through 
the other, and in such a direction as to produce a repulsmn 
between each pair of coils. In the constructing, care is taken 
that the suspended coUs are both made of eq^uil weight« ana 
ahat when the balance is In equ^tbrium no torsion is in any of 
the wires. Small scale-pans are attached to each vertical oati 
and a bob for raising or towering the centre of gravity of the 
whole is placed on a rOd sprin^ng at rwht angles from the 
middle of one of the horizontal bars. The current strength is 
esdmated by the weight needed to mtote the balance to 
Mm when distnrbefd by the passage pf the current. A aiming 
weight may also be used, as m a itemyapl. If will be rUaiS^ 
seen that^ as in all forma pf corrent-iweigher, tho weig'tti 
proportioaal to ihO square of the current strength. 


Frof. S, P. Thompson described a,phenomenon in Uie*eleufrt^ ‘ 
chemical solution of metals—^origipally discovered by 
wldch occurs when a current la p&ed between two copper 
immersed in dilute sulp^iwlc a^^ in a cell. The solutlpn tdkef 
place In two stagest the metal Erst ptidlxing, and thep (he oxMf 
dissolving in the acid. . This was projected on the screen, ihh 
audience teing able to obsjBrye th^t tpe bubbles evolved wh^n 
the current was turned on eqa^ as the current died dowp, 
choked by the formation pf oxide, but almost irhmediately re- 
commenced when the oxide be^n to dissolve. The author has 
tried other metals and ofhet acids — silver, zinc, and iron showing 
similar eff^ts in sulphuric add, but not in nitric, acetic, or 
hydrochloric acids. 

Mr. J. Wilson Swan read a paper on chromic acid as a depolarizer 
in Bunsen’s battery. When chromic acid became an article of 
commerce at a moderate price, it occurred to the author to see if 

could not obtain a substitute for the nitric acid of the Bunsen 
battery. As the results of hts experiments he finds that a 
solution, of the composition nitric acid i part, chromic acid 2 
parts, sulphuric add 5 parts, and water 5 parts, gives resulU 
equal to that obtainetf with nitric acid. 

Prof. Perry, F.R S., described a variable standard of self- 
induction. An instrument like that hitherto used as a variable 
standard by Prof. Ayrton end the author, was used by Prof- 
Hughes. It is a Axed coil of wire, inside which a movable coil is 
placed; the coils are. in series one with another. When their 
planes are parallel there is either a minimum or a maximutn co- 
efficient. When the movable coil is rotated so that its plane 
makes various angles with the plane of the Axed coil, a pointer 
shows on a scale the coefficient for that particular position. 

In another paper on a hot twisted strip voltmeter, Prof. Perry 
described the i)ehaviour of twisted strips subjected to axial pull, 
A small elongation is accompanied by a great rotation, that 
these strips may be employed in measuring instruments such as 
weighing-machines, aneroid barometers, testing- machines, Ac. 
For the Ayrton and Perry voltmeter a double twisted strip of 
platinum silver with its ends insulated is iDkiallyia tension inside 
a tube or frame two- thirds brass and one- third Iron, a pointer at 
the middle of the strip being visible above a dial and capable of a 
motion of nearly jw . When the current passes the pointer 
rotates because of the heating of the strip. By continuous making 
and breaking of a large current through the stripdiirin ' sevenfy- 
tvvo hours all zero and other errors seem to be eliminated. The 
highest reading of the exhibited instrument was volts, so that 
it is particularly useful in accumulator- work. The author gave 
the law of transformers generally, and found that a small trans- 
former on the base of the instrument converted it Into a voltmeter 
of any range whatsoever for alternating currents, the readings 
being independent of the frequency of alternation. The author 
exhibited twisted strips of carbon made by Messrs Wood house 
and Rawson, which ne intends to use for voltmeters of higher 
range. 

Mr. W. H. Freecc, F.R.S., read a paper on the relative effects 
of steady and alternate curre «ts on different conductors. Blr W, 
Thomson, at the Bath meeting of the British Association, stated 
that alternating currents entered a distance of only about 3 
millimetres into the heart of a thick round copper conductor, 
when the frequency was 150. This ** diffusion law,” as ho called 
it, Is dependent on the coefficient of self-induction and on the 
frequency, i.r. on the number of complete alternations of positive 
and negative currents transmitted per second. As this law hex a 
most important bearing on the commercial value of systems of dit- 
tribution dependent on alternating currents, it becomes mnit 
desirable to study the question practically. The verlAcatton of 
this law is almost bqypnd the rei^ of experiment. It occuomd 
to the author, however^ (hat if conductors of different materials 
are taken, such as iron, copper, lead, and platinoid* of eaiilly 
measurable lengths «md of convenient aectional arUaa, andt u 
measurable and variable currents, both altematiog and 
approxiinataly similar to those used in practice, are tmnamiUea 
through them, the question conld be shidM bv obsetvic^ any 
diflerenee, If such existed, in the total exMndlture of ehegb 
in the conductors under these different emnnstsmees.:^ 
general conclusion to be drawn ffrom rite experiments b 
practipnUy no serions error has been made In the fom of 0^- 
ductors so much used ibr altemaliing current systems^ mm itti# 
nothing cheaper or better 1fm« been devt«Mltbm a 
conductor coafed whh a snithble tnsulaii^omdii^ jlliu 
menu do not solvethe queriion rif 
density (hroi^ rim oettloh of llm l«ii( 

show ths[t wtihtn th^ range of practlee the total ItoW of 
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ii^ copper cox^qctora, whether it be urged by alternate 
Qr % iteady c«rrent«. 

G. Wbea, f voA Mr. W, H. Pjrcece. F.R.S,. in a 
papei:. ^ ttew ihermometric soele* suggest the joule as the 
instead of the therm or the calorie. 4*2 joulea 
wUl ^SQ the temperature of t gramme of weteir at 4*^ one degree, 
heape tp raise 1 gramme of water from freezing-point to boifing' 
raghires 420 joules ; and it is suggested tnat the difference 
of temperature between freezing- and ooiling-pointB should be 
repteaented by 420 units of temperature. 

Mr. J. T. l)otton)ley,'F.RpS., exhibited some large I«^den jars^ 
brohen during the testing of a large 'Wimshurst machine wWb 
was being constructed by Sir Archibald Campbell, Bart., of 
Blythswood, They were excellent examples of multiple fracture. 

Prof. S. P. Thompson, in a paper on sparktess electro- magnets, 
dispuased the various means ot suppressing the sparks in the 
circuits of electro- magnets. The most effective means, he finds, 
is to surround the core of the matimet with a substantial shield 
of copper. The author illustrated hi^ method. by experiments 
before the Section. 

Mr, W. W. Haldane Gee and Dr, Arthur Harden read a 
paper on stereometry. This communication relates to the 
methods used for the deternii nation of the volumes of bodies to 
which the hydrostatic method is not applicable. The authors 
have devised a convenient form of instrument, first proposed by 
Say, and aficrwa ds modified by Le lie, Kopp, RegnaoU, and 
Miller. They have also shown that the following method for 
ascertaining volumes is very generally applicable, and likely to 
l>e of considerable service in physico-chemical researches. The 
body whose volume is desired is inclosed within a vessel of known 
volume, and tlien carbon dioxide (or other dry soluble gas) is 
jiassed into it for some time. The gas is then displaced by dry 
air (or other gas), and the volume of the carbon aloxide driven 
out is ascertained fc*‘^viHUtri<aUy by absorption in bulbs con- 
taining caustic potash solution. By first filling the vessel with 
dry air and then driving it out with carbon dioxide, the volume 
of the air, and hence that of the body, may also be ascertained 
volumitmal but with less accuracy. I'he gravimetric method 
is especially applicable for accurately ascertaining the density of 
soluble gases. For this purpose it is far more convenient than 
the prooeS:t of direct weighing as used by Kegnault. 

In a paper on the nwcific heat of caoutchouc, Mr, W. W. 
Haldane Gee and Mr, Hubert L. Terry described a number of 
determinations which had been made of the specific heat of 
Para india-rubber which had been masticated, hydraulically 
compressed, and then cut into sheets from 0*22 millimetre to i "40 
mUhtnetre thick. The rubber was alternated with sheets of tin- 
foil, and heated for two hours in a steam-jacket at 100® C. A 
modification of HegnauU’s method of mixtures was employed to 
find the specific heat of the hot rubber. Owing to the non-con- 
ducting nature of the substance the time of the calorimeter atiain- 
ing Its maximum temperature is as long as ten minutes ; hence 
it ftos been necessary to apply special lormulse for the correction 
due to .cooling. Those projx>8ed by Pfaundler, Pape, and Schuster 
have l^en used, and the results calculated in accordance with 
them.' The mean of the best -conducted experiments gives for 
the Para rubber the number 0’486. The investigation is being 
extended to allied Viodies, especially the different forms of 
vulcanized rubber and gutta-percha. 

Mr. F. T, Trouton read a paper on the temporary Ihermo- 
currenis in iron. If a portion of an iron wire connected up to a 
galvanometer be heated red hot, and the heated portion be 
foMfed to travel along the wire by moving the ffame, a current 
is produced^ which is due to the fact that when iron changes its 
molecular st re at the temperature of recalesccnce this change 

a i not tak' place at the s^me temperature on heatii^ as on 
$0 that when a ffame is moven alopg an iron wire so as 
to Oontmuonsly heat it above the temperature of reealescence the 
of the aUered with the unaltered metal in front is at a 
nwhet temperature than of the junction behind the flame, 
rrot, Partett re^d a paper on reealescence of iron. 
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dOabMeiSv the nmperous chemical industries of 
# disirMt ihany of vthe papers md in, Section B at 
^it — ioOMuai to the technical Mndent 


The Presidenrs Address on **lbe Mefallurgy of Iron” was 
followed by the Report of the Committee for Investigating 
the Influence of Silicon on the rro]>er(ies of Steel. From the 
results of Mr. Had field’s experiments, it appears that silicon by 
itself does nol produce a steel that will harden by water- quench- 
ing. The briiilencs* noticed in ordinary so-called silicon Heel 
is due, not to silicon alone, but to the combined ]ntsencc of the 
two hardeners, silicon and carbon. Silicon, up to 6 per cent., 
docs not destroy the malleability of iron, nor are the* magnetic 
properties greatly affected by increasing percentages of silicon, 
as is the case with inan^nese steel. 

The Committee for Establishing an International Standard 
for the Analysis of Iron and Steel reported that they bnd made 
good prc^css with the work, and hoped before long to have the 
necessary analyses completed. 

Some curious experiments were described by Mr. J. W. Hogg, 
on the volatilisation of lead oxide and its action upon glass at 
low tempcraiurob. Tf some writing is placed upon a glass plate 
or platinum-foil, asing lead oxide as a pigment, if a polished 
plate of glass be placed o\er this as closely as possible and pre- 
vented from actual contact by suitable means, upon now heating 
up to scarcely visible lednes-, a distinct reverse of the design 
will appear upon the upper glass. The quantity of lead oxide 
which will produce this effect Is not shown by the most delicate 
balance. 

Photographers were interested in Prof. Eiveing's account of a 
new developer, “ Kikonogen,” which appears to give greater 
detail than most of those now in use. The tone of the nega- 
tive i$ also excellent. Kikonogen is the sodium sail of amido- 
ff-naphihol-fl-sulphonic acid. 

Mr. C. T. 11 ey cock and Mr. F. H. Neville rtad a paper on 
RaouU's method applied to alloys. Alloys of a number of 
metals with sodium and tin w-ere studied. The “atomic fall”^ 
of the freezing-point for aluminium was about half that of most 
other metals — pointing to twice the present number as the 
atomic weight of aluminium. Antimony produces a rise in the 
freezing-point of the alloy, for some unexidained reason. Con- 
trary to Raouli’s .so-called second law, it was found that the 
nature of the solvent is of influence ; 1 atomic weight of metal 
in 100 atomic weights of sodium not giving the same fall as i 
in 100 of tin. The method would seem to give a means for 
corffecting and verifying atomic weights ; though it does not give 
much inlormatioh as to the molecular weight. It was shown 
that, in accordance with Van ’i Hoff’s iheoricH on the nature of 
solution, each metal produces its own lowering of the freezing- 
point in presence of others. 

On the Friday morning, Prof. Dunston read the Report on* 
the present methods of teaching chemistry. 

Prof. Bedson afterwaids gave an interesting desaiption of Dr. 
Netto’s process, at w'ork on the Tyne, for the manufacture of 
aluminium from cryolite. The cryolite is first fused with salt in 
a rcvcrberatoiy furnace ; then run out into converters in which 
sodium is gradually added — about five pounds at a time. Sodium 
fluoride and metallic aluminium are formed. The sodium is 
obtained by allowing molten caustic soda to flow gradually onto 
charcoal contained in a cast-iron retort heated to dull redness, 
'i hc .sodium carbonate formed in the reaction sinks to the bottom 
of the retort* The greater concentration of the caustic soda thus 
produced enables the temperature to be kept lower than in the 
Castner process. 

An account was afterwards given, by Mr. J. H. I. Dagger, of 
the Cowles method for manufacturing aluminium alloys. 

On Monday, numerous Reports 0/ Committees were handed in,., 
the most interesting lieing that read by Dr. Richardson on the 
action of light on the bydracidv Dr. Ricltardson has found 
that, if white light is allowed to act upon water in presence of 
oxygen, a considerable quantity of hydrogen perexide is pro- 
duced. This accounts lor the lact mentioned in previous Re- 
ports, that a mixtuie of dry oxygen with dry hydrogen chloride, 
or bromide, is unaffected by light. 

Dr. Richardson also exhibited and described a new self- 
registering oclinometer, based on the fact, discovered by Budde, 
that chlorine expands in the actinic rays, contracting again in 
the dark. , , , v 

Prof. H. B. Dixon gave an account of experiments made by 
himself and Mr. J. A. Harker, on the explosion of a mixture of 
hydrogen, chlorine, and oxygen* It was found, in contradic* 
tidn to previous statemenU, that steam is produced by the explo- 
sion even wthen chlorine is in excess. It was noted that hydrogen 
and chlorine^ when exploded alone, give a sensible contraction. 
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In another paper the same workers show that hydrogen and 
do not explode when unless exposed to very 
4 ttte^ light. 

t)n A. P. l^urle gjave some results of hli remrches oh 
Artists’ colothC He is comparing the recipes given in 'the 
manuscripts of the old masters with those in modem use. 

A new ferment was described on Tuesday^ in a paper l^ Frof. 
V* F. Franklandi Miss Grace F. Franklandj and Mr. J. ‘^ox* 
From the products of its activity, ethyl alcohol and acetic acio^ It k 
termed Bacillus ethaceticus. It will cause a solution Of mantkite 
to ferment, while dulcite is una/fected by it. 

In his paper on thi» Constitution of the Aromatic Nucleus^ Mr. 
S. A. Sworn gave preference to the octahedral formula of TbomKn. 
A further development of Thomsen’s formula, he believer, afford 
a full explanation of the laws of para- and meta-substitution. ' , 

Dr. Isaac Ashe read a paper entitled **Dimidiam ; an Aitonspt 
to represent the Chumical Elements by Physical Forms.” He‘ put 
forward the view that the primordial basis is to be found in aif 
element having half the combining weight of hydrogen.^ This 
hypothetical element is named dim id mm. 'fhc relation^, of 
attraction and repulsion under the influence of polar fofce 
suggest a linear form for such a body. A series of voitiex-rfnga, 
superposed one on the other, would yield a form elongated in 
one direction and limited in the other two. Having shown 
that the primordial element may have a bar- like form of definite 
length, the author proceeds to construct models of the different 
elements, conforming in each cose to the combining weight, 
valency, ciystalline form, 8 cc. 

SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, September 30. — M. Des Cloizeaux, 
President, in the chair.— Presentation of the fourth sheet 
of the Bulletin of the International Committee for preparation 
of a map of the heavens ; meeting of Committee at Paris 
Observatory, by M. E. Mouchet. Five other Observatories 
(Vienna, Catania, Mexico, Manilla, and the Vatican) have been 
^ded to the original sis teen. Each Observatory will have to take 
about 700 photographs in the zone alloted to It, and it is hoped 
to finish the work in three or four years. A central omce 
for utilizing the results will be necessary. — Addition to the 
theory of thin weirs extending throughout the breadth of the bed 
of a water- course ; calculation of variations in the contraction of 
the outflowing sheet at its lower face, by M. J. Boussinesq. — 
On the last communication of Halphen to the Academy, by 
M. F. Brioschi.^On the denomination of the industrial unit of 
work, by M. H. Res^. He advocates the unit of 100 kilo- 
grammetres, to be call^ the quiHiahsctn . — On the application 
of high temperatures in observing the spectrum of hydrogen, 
by MM. Iv, Thomas and Ch. Ire pied. The electric arc is 
found a sure and comparatively easy way of making hydrogen 
sufficiently IttudnoUR for spectroscopic observation, even vriiK 
Urge dispersions ; (four jets of the gas were made to converge 
conically towards an aids coinciding with that of the carbons). — 
On concatenation {enchaineu^eni) of the atomic weights of the 
elements, by M. DeUuney. He shows that the atomic weights 
may be Joined together by addition in each case of the square 
root of a whole number, which is variable, but always harmonic 
(not containing any other prime factors than 1, 2, 3, and 5).— 
Combinations of cupric oxide with amylaceous matters, sugars, 
and mannites ; new reagents for proximate analysis, by M. 
Ch.-Er. Guignet. Solutions of cellulose, also dry starch, or 
inuline, give well-defined combinations with oxide of copper, when 
put in contact with its solution in ammonia. Some sugars (pure 
glucose from honey, galactose, &c.) quickly precipitate copper 
ammonio^sulphate (but not the oxide); and while inverted 
sugar does not precipitate the sulphate, a previous addition of 
glucose produces a deposit of the glucosic combination (which does 
not retmn ammonia). Mannite end dulcite, ^c., yield at once 
blue precipitates in an ammpniacal sulphate of co^r splution, 
which reagent is useful with decoctions of vegetable tnat^r^ as 
most substances in the^ are not precipitated by it— On the 
number and calibro of nerve^fibres In the common oculomotor 
nerve, in the new-born and In the adult, cat, bv M, M. Schiller. 
The number does not iheream during life (or increases very 
little) ; average 294% in the kitt^, 3035 in the cat. TheoaUbre 
U increased sTx or eight times, the preceding investlgatioa^ 


by M- Ang. Fora|. Various researches point to the atahiUty of 
the nervous eleminta during life, and this he regards as very 
important for explanation of the phenomena of memory, ^-On 
the vitality of^ti^bSss, by M. Paul Gibter. He submitted small 
pieces of lieSh.pork with numerous trichiote (which were much 
more livety wni^ , brought out of their cysts into a water- 
heated vessel itum ihose of the salt meat) to a temperature Of 
no'* to 25* below aero, for about two hours, and found the 
animals, on reheejtiog, as lively as before.— The innervaUdn of 
'thk QSpbrodium m mptlushs, by M. Paul Pelseneer. Like the 
ottmr sensorial oi^gatHi idf molluslu, the osphradium proves to be 
Innervated by the pmefbrol ganglion.— On the Sj^uffclia/narpha 
Saj^lai, a new FmfMun sp^es, by M. S. Menier. 
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THUHSDA\; OCTOBER 17, x88^ 

THE ELEAf ENTARY TEACHING OE SCIENCE, 

P erhaps the moat important event in liie Che- 
mical Section at Newcastle w 3 .s the presetita^ 
tion of a second Report (the first part Of which we 
print elsewhere) by the Committee^ appointed '‘to 
inquire into and report upon the present methods 
of teaching chemistry.^' It is a remarkable fact that 
the daily Press in general has made only the barest 
possible reference to the Repott or to the animated discus- 
sion which followed its reading ; although^ as the Times 
points out, “ there is a Committee attached to Section 
B, the professed purpose of which is to inquire into 
and report upon the teaching of chemistry; the truth 
is, however, that it involves the wide question of science 
teaching in general. The national importance of such an 
inquiry is evident, and it behoves all the Sections to take 
an interest in it." 

At the Bath meeting the Committee reported on the 
condition of chemical teaching in the principal public 
schools of Great Britain and Ireland, their Report being 
founded upon information obtained from the principals, 
head masters, and science masters of these schools. This 
Report demonstrated the existence of a most unsatisfactory 
state of things. It proved unquestionably that physical 
science still occupies a very subordinate position in most 
of our public schools, and it appears that this is the result, 
in no small measure, of the manner in which it is taught. 
The attempt to cram the minds of boys with a con- 
glomeration of chemical facts under the name of " science ” 
has reached a crisis ; and head masters, and even some 
parents, are beginning to feeh and to say in so many 
words, that science teaching, which has been on its trial 
for so many years, has failed to produce the educational 
effect which was expected from it. The teachers, while 
complaining of the various difficulties which sun^ound 
their attempts to teach chemistry, insufficient time and 
iaboratory accommodation, frankly admit that the methods 
at present employed in teaching the science are for the 
most part ineffective, and that to this circumstance may 
be attributed, in the majority of instances, the inferior 
position which U assigned to the subject in the school 
curriculunu Partly in self-justihcation, and partly as an i 
explanation of the continued existence of these abortive 
methods, teachers have drawn attention to the require- 
ments of the various examining bodies by which their 
bands are tied. It is rare to find the science master who ' 


may here be made of the syllabus of physiography issued 
by the Science and Art Department, having drawn 
up by Mr. Norman Lockyer, and of the syllabus issued by 
j the same Department for the “ Alternative First Stage In 
I Chemistry" (why should not this be made the ‘'P'irst 
Stage in Chemistry " ?), which was compiled by two 
members of the present Committee, Sir Henry Koscoc 
and Dr. RiisselL 

The Committee thought that they might be able to 
I do something towards a reorganization of elementary 
I instruction in science ; in fact several teachers had pointed 
out that the Committee were most favourably constituted 
[ for taking such action, and that they would doubtless be 
I able to induce examining Boards to reconsider their 
present regulations. 

j About the middle of the present century two schools of 
I educational authorities were actively engaged in pro* 
j pagating their views. The one school contended that 
! the object of primary education should be to teach 
‘ those subjects which can be practically applied in after 
; life, while the other asserted that its main object should 
I be to develop the faculties and not merely to store the 
mind with knowledge. Chemistry, no doubt, was ixi- 
I troduced into the school curriculum chiefly to satisfy the 
I demands of the first theory, but nevertheless it may 
I equally well serve the purposes of the second. The 
j mental discipline afforded by chemical investigation in 
developing the powers of observation and inference, and 
in teaching the correct use of hypothesis, is not less 
conspicuous than the many applications of which the 
science is susceptible both in industrial and “common” 
life. Happily, of late years, a fusion of these two theories 
has taken place, and agreement has very generally been 
reached on two important points. First, that the main 
purpose of elementary education should be to train the 
intelligence. I n this sense “ education is a high word— >it 
is nothing less than the formation of mind.” Secondly, 
it is admitted that before a man can apply science to 
practice he must be familiar with its methods, his mind 
must be able habitually to perform those logical processes 
which accurate thought demands. We are now fairly 
unanimous in the opinion that it should be the endeavour 
of elementary education to develop habits of corre(;t 
observation and reasoning, so that in later life the more 
; advanced knowledge of science, which will subsequently 
have been acquired, may be intelligently applied to the 
solution of social and industrial problems. 

In the opinion of the Committee, this training of the 
intelligence can be readily effected by a properly arranged 
course of elementary instruction in physical science. 


i$ ftee td break away from conventional lines, and to use 
ebemJatry in illustration of the scientific method of ques- 
doning Nature, instead of relating to his boys the properties 
of ail the elements from hydrogen to uranium, and by a 
sydm of laboratory drill instructing them how to ** test " 
compounds or absurdly complex mixtures. Of the 
few examinational schedules which are likely to assist the 
in making hts elementary instruction in science 
ufeful if an educational instrument, special mention 

siai&lk, And Mr, 0* 

VoLXL,— No* I04>^ 


This fact is, however, not recognized by the majority of 
! educational authorities, since chemical teaching, which 
! represents physical science in most schools, has hitherto 
been chiefly directed to the acquisition of a vast number 
i of chemical facts, But the “ learning of true proposi- 
1 tions, dogmatically delivered, is not science/* and does not 
produce any mental effect that cannot as well be reached 
by many other paths, e.g, the multiplication table and 
the facts of English history. So far, the public in this 
country have bad very few opportunities of Judging of the 
educational value of physic^ science, and it is to be 
feared that they have not yet sufficiently recognised the 
truth and significance of Herbert Spenceris definition of 
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sci^ci^ ^ “ traihtid and organized common-scnae/’ which | 
that those same mental processes whose use has ' 
led meat uientidc discoveries are also applicable to 
even me commonest affairs of life wnth equally successful 
results. In order to tnake chemistr)' subservient to the 
needs of m^tal education^ it is necessary to depart 
almost entirely from the usual method of teaching it, 
which is better adapted for the subsequent training of 
those comparatively few students who intend to follow 
chemistry as a profession. Instead of attempting to 
traverse the greater part of the science, the teaching 
must be restricted to those portions of it which best ex* 
empKfy the scientific method of investigation ; and it 
sjtouid, as far as possible, have reference to objects 
which are more or less familiar to the pupils, or which 
can be readily understood by them. 

The Committee having agreed as to the principles on 
which a scheme of elementary instruction should depend, 
Prof. Armstrong undertook to prepare a series of sugges- 
tions for an actual course of instruction in suiYicient detail 
to serve as a general guide to teachers. These sugges- 
tions form a part of the Committee’s Report, and are of 
very considerable importance. The course is divided 
into six “ stages.^ Stage I. deals with lessons on com- 
mon and familiar objects ; the classification of these 
according to their uses and origin ; elementary physio- 
graphy and Naturkunde. Stage 11., with lessons in mea- 
surement. Stage UK, with studies of heat on things in 
general ; of their behaviour when burnt. Stage IV., the 
problem stage— to determine what happens w'hen iron 
rusts ; to determine the nature of the changes wdiich take : 
place when substances are burnt in air ; to separate the 
active from the inactive constituent of air ; to determine 
the composition of chalk ; to determine what happens 
when organic substances are burnt ; to determine what 
happens when sulphur is burnt j to determine what hap- 
pens when metals are heated with acids ; to determine 
what happens when oxides are treated with acids ; to 
determine what happens when Uw gas obtained by dis- 
solviiig iron and zinc in sulphuric acid or muriatic acid 
is burnt ; to determine what happens when hydrogen and 
other combustible substances are heated with oxides ; to 
determine whether oxides, such as water and chalk gas, may 
be deprived of oxygen by means of metals ; to determine the 
composition of salt-gas and the manner m which it acts 
on metals and oxides ; to determine the composition of 
washing-soda. Stage V., the quantitative stage : study of 
the quantitative composition of some of the substances 
which have already been quiditativeiy examined. Stage 
VI,, stvidies cf the physical properties of gases in com- 
parison witli those of liquids and solids ; the molecular 
and atomic theorms, and their applkatieoa. 

Without pledging themselves to accept every detail, 
many of which would naturally be modifred by teachers 
to salt their own speeial cirumstances, the Committee 
state that Prof. Armstrong's suggestions are typical of 
the kind of instruction which they wish to Sea generally 
introduced into schoeds. They prefer to speak of it as a 
course of elementary instruction in physical science/’ 
since, although it is tnatnly chemical, physical problems 
are kigely mtrodueed, and the course, as a whole, teay be 
looked tri^m as a sultahle introduction to the suidy of aty 
of the fihysioal'SciwWet. 


% bnnging th^sj^eme under the notice of teacherr,. 
l|)is Committee nkke several recommendations as to the 
manned ill which It should be carried out, but these can 
only be briefly altuded to here. They insist that the 
instruction should be commenced with young diildroh, 
and tliat every pupil in the school should receive it In- 
order that it may be successful, a fair share of the school 
time must be devoted to the subject, and a larger number 
of teachers must be employed than is now usually the 
case. While this may lead to some extra expense, on 
. the other hand it is pointed out that the simplest labora- 
tory fitting s and apparatus acre all that will actually be 
peeded. Thus the expenditure attending the adoption of 
the hew course need not be greater than it is now in 
those schools where science teaching occupies a prominent 
place among the subjects of study. 

Space does not allow of more than a passing mention 
of the series of statistics in reference to the teaching of 
chemistry in public elementary schools which have been 
admirably collected and commented upon by Prof. 
Smithells, and which form the second part of the Report, 
As in the higher public schools, the teaching of elementary 
science in these institutions is shown to be far from* 
satisfactory, and here also a scheme of the kind suggested 
by the Committee might be introduced with very great 
advantage. 

In the discussion >vhich followed the reading of the 
Report the Committee had the satisfaction of learning that 
their recommendations receive the approval of several 
teachers of experience. A representative of Section K 
stated that those interested in the efficient teaching of 
geography felt strongly that the course of work advocated 
by the Committee was on the proper lines. The head 
master of a large elementary school complained of the 
present methods of teaching cliemistry, and stated that 
they tended so strongly towards making those who 
followed them into professional and technical chemists,, 
that he had been obliged to substitute for chemistry 
instruction in some other branch of science. A useful 
contribution to the discussion w^s made by a former 
assistant science master in one of the largest public 
schools in London, who gave a graphic account of the 
hardships which were suflered by the solitary science 
master and his assistant in their efibrts to teach practical 
chemistry ” to large classes of boys. If the comparison 
he instituted between the methods respectively adopted 
in this school in teaching ekesks and science be true, 
and if his statistics are correct as to the number of boys 
who aro taught ** sdeace, and the number of masters 
employed to teach them, they reveal a scandalous state of 
affairs, which no City Company ought to tolerate in a 
school which it endows. Finally^ Pw£ Armstrong read 
letters whkh he bed received from Prof. Huxley, the 
head master of Rugby, Sir Philip Magnus, and other 
authorities, in iutuch t^y spoke with appoval of the 
sdieme fbr science teachi^ v^idh Committee 
advocate in their Eepewu 

It seems Uktlyi fe^n, that tbrough the aetkut of tkh 
Committee a coniiderabk impetus In a new direct^ 
be given to the elementary teaching sdeftce m ints 
oounwy. whkii Mtfth Bhit^tapa 

then twenty on ithey 

and may 
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citMion. “ The dUimte between science versus cta^cs 
in plication ^ill not be Mttled on paper or by ditteoesiott. 
It will be lettied, in by the e^aMi&hfment wyme- 
M^eere or other, and in some form or other, of a system Of 
soiootHic edocationi the results of whkh will vindicate 
themselves. We may argue, and vested intemsts may 
(resist, but the tendency of things is unmistakable — the 
sciefiOes will end by conquering their place.’' 

W. R. D. 


CORRESPONDENCE OF CHRISTIAN 
HUYGENS. 

lEuvres CompiHes de Christiaan Huygens. Publides par 
la Socided Hollandaisc des Sciences. Tome Deuxi^tne : 
Corfespondance, 1657-59, (J-a Hayc : Martinas Nijhoff, 
1889.) 

'"T^HE second volume of the great edition of Huygens’s 
I works, the first volume of which was noticed last 
year in these pages (NATUke, voL xxxviii. p. 193), has 
made its appearance with creditable promptitude. The 
letters included in it range from 1657 to 1659. That they 
.are numerous and elaborate is sufficiently shown by the 
bulk of their receptacle ; their value might be taken on 
trust from the names of the writers, and can be ascer- 
tained by the somewhat laborious process of perusal. 
This, however, may be curtailed at pleasure by having 
recourae to a series of admirably-constructed indexes, 
aided by which, readers, exempted from the ignominious 
necessity for “ skipping/* are enabled to find what they 
want, and neglect what less immediately concerns them. 

’ SoientSfic correspondence was in those days of far greater 
importance than it is now. It, in fact, to a great extent, took 
the place of scientific journalism. There was then no recog- 
nised channel of public criticism. The first numbers of 
the Phihst)phi€al TramacHons and the Journal des 
appeared within a few months of each other in 
(665 ; the Acta Eruditopum began to be published at 
Leipsig only in 1682, The learned formed a cosmopolitan 
<aste, using a cosmopolitan language. They made an 
•audience “ fit and few " for each other’s communications, 
and cared little, in general, to address a wider public. 
Epistolary intercourse assumed, accordingly, proportions 
•ahd a significance which we find it difficult to realise. 
From one end of the Continent to the other, workers were, 
by means of letters nominally private, kept au courant 
ot thp progress of invention, readers of the course of 
publication ; ideas and criticisms were imerchaoged ; 
autbprs were informed of the impression produced by 
ihehr^Vrciiktt ; coettroversies were conducted oi* commented 
dpien. 

la dm correspondence now before us, iitdoed, there is 
fidftU trace of the odlttm Although often 

^^gMto«taTkd on the ddehsive against uojutil attacks 
bia originality, Huygens never lost st^ codCrol. The 
mkfvda Ifttanm ME had no place in his calm and 
tokeodaye hu His reticence ts strikingly illustrated 
bV' tbe of the feigned anagiam, Mt unfinished 

by the earlier letters, but brought tea 
condttsiOn m the present colieotfoa. The 
^ Wallis to the detectfon Of 

:wtOrn^s fint^nnwn saidilite^ proves^ to aacordame whh 


the conjecture emitted by Mr. Maunder in the OhervdEny 
for last March, to have been an infelicitous practical joke. 
It enforced, however, a designed moral by rendetii^ pkl^* 
pabte the protective incfficacy of crytographicalaimmince- 
meats j and no more was heard (that we are aware) of 
the entrenchment of discoveries or inventions behind 
Ibgogryphs. Huygens continued in a state of mystification 
on the point for above three years, the Savilian Professor's 
first explanatory letter having miscarrie J ; but he allowed 
his natural irritation only the vent of a few jottings of a 
strictly private character. 

The publication of Huygens's ** Systema Satumium " 
was the leading event of the period now under consider- 
ation. The book was long and eagerly expected, and was 
received— so far as letters acknowledging the receipt of 
complimentary copies'’ enable us to Judge — with a chorus 
of approbation. Its author, at the age of thirty — Galileo 
being already dead, and Mewton as yet unknown— found 
himself pre-eminent among the astronomers of Europe. 

Ora ha Giotto il gri do Yet the flattering assurances 
with which he was overwhelmed did not wholly exclude 
some expressions of misgiving. The physical and 
mechanical difficulties attending the existence of such a 
Saturnian system as he described were very great. The 
hypothesis of a ring was no doubt beautifully ingenious, 
and accounted for observed phenomena \vitli.the utmost 
neatness and sufficiency ; but was it true ? Was such an 
incredible structure, in point of actual and undeniable fact, 
to be found in the heavens ? Such questionings could not 
but arise, and were only finally set at rest by the predicted 
complete disappearance of the anomalous appendages as 
the earth got to the unilluminated side of them towards 
the end of 1671. 

Saturn’s ring-system has now so long held a place in 
astronomical consciousness that it costs an effort of the 
imagination to conceive the audacity of the first attempt 
to establish it there. Its author himself did not look for 
immediate and unqualified assent. All he hoped for was 
that his mode of accounting for the bizarre appearances '' 
of the “ triple planet ” should get an unprejudiced trial. 
Writing to Slusius in September 1659, he congratulated 
himself that his hypothesis had not struck him as absurd ; 
and he met the scruples of objectors with a quiet appeal to 
time. It has not failed to justify his confidence. 

An incidental paragraph in the “ Systema Saturnium " 
(p. 9), announcing the virtual discovery of the great Orion 
nebula, appears to have excited little attention. Huygens’s 
correspondents passed it over in silence ; he took no 
trouble to invite their opinions on the subject ; nor is theft 
evidence that any of his subsequent observations were 
directed towards that gap (as it were) in the crystalline 
vault through which the glimmering of empyreal fire was 
discernible. Still more singularly, Hevelius, although he 
catalogued the stars, and enumerated fourteen nebulae, did 
not include among them the Orion portent/’ upon which, 
indeed, he seems never to have had the curiosity to direct 
his teles :ope (H. SchuUr, No. 1585). The 

first intelligent observer of nebulae was Halley. 

A sidM'eel phenomenon of another sort, however, 
attracted considerable attention in the learned chterks of 
Paris and the Hague. Janson’s ^’new star,” in coiio 
Cygnif WHS again visible in 1658-59 First seen in 
1600 as of the third magnitude, it disappeared from view 
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in was re-detected, in its pristine brightnessi by 

Doiaenico Cassini at Bologna in 1655. The news seems 
to have takeji no less than three years to filter to the 
Low Countries. Golius^ of Leyden, was one of the first 
to get hold of it, and he transmitted it to Boulliau, of 
Paris, who thereupon perceived, plainly enough, a brilliant 
star shining in the place of a usually telescopic one. As 
an example of mental inertia comparable to that afforded 
by He\^lius with regard to the Orion nebula, it is worth 
noting that the object had caught his eye twelve days 
previously, but without rousing his attention. He im- 
parted to Huygens his conviction that the Milky Way 
‘‘provided the material for such generations,^^ among 
which he included comets j and judiciously wound up 
his speculations by urging the necessity for continued 
observation. 

His correspondent had anticipated the recommendation. 
His interest in the “renaissante of the Swan'* (as he 
termed it) is shown by various remarks ; but a more 
formal essay on the subject, alluded to in a letter to the 
Sicilian astronomer Hodierna, has not been preserved. 
Huygens considered the star, on November 20, 1659, to 
have lost none of its lately-acquired brilliancy. Boulliau, 
however, had already noticed a diminution in though 
not in /ustPY (a distinction to which he evidently attached 
some ixnportance), and on December 12 saw further 
symptoms of fading in its pale and languid aspect. From 
the decline which then set in, it has never completely 
recovered, but has remained, since the abortive maximum 
of 1665, undistinguished by conspicuous vicissitudes. 
“ P Cygni,” as Janson's star is called in modern nomen- 
clature, now betrays peculiarity of constitution only by 
the bright hydrogen lines photographically discovered by 
Prof. Pickering in its spectrum. 

Huygens's invention of the pendulum clock is a pro- 
minent topic in the correspondence before us. He was 
not without hope of solving, by its means, the cver- 
recurring problem of longitudes, “ if only it would bear 
transport by sea” — a prudent qualification. Of curves 
and quadratures, telescopes and lenses, chronometry, 
meteorology, mechanics, the theory of numbers, much is 
said, showing the working of thought along these various 
lines of research. There is scarcely, in fact, a branch of 
scientific history which is not usefully illustrated by these 
valuable letters. A, M. Clerk k. 


T/f£ ANATOMY OF THE HUMPBACK WHALE, 
The Anatomy of the Humpback Whale {Megaptera 

longimand). By John Struthers, M.D. (Edinburgh: 

1889.) 

'"PHERE is probably no order of Mammals which 
J- during the last twenty-five years has been more 
worked at than the Cetacea. The result has been that 
we now possess a valuable body of information on both 
the classification and anatomy of this most interesting 
group of animals. On the continent of Europe, the 
names of Eschricht, Reinhardti Lilljeborg, Van Benedcn, 
and Gervais stand out most prominently as authorities ; 
whilst in this country Sir Richard Ower, Profs. Flower, 
Struthers, and Turner, Dr, Murie, and Prof. Macalister, 
have all written valuable memoirs which have added 


largjely to our latowledge of the whales, Through the^ 
cotnbined labours of these anatomists the order has beet^ 
re^ued from the state of confusion into which it bad 
been thrown by some systematic writers, who, by regard^ 
ing almost every specimen stranded on our coasts as a 
new species, had introduced a complexity of nomenclature' 
which was most puzzling. 

The humpbacked whale, the anatomy of which forms- 
the subject of Prof. Struthers's memoir, is, from its form 
and structure, one of the most interesting of the occa- 
sional visitors to our coasts. The number of specimens 
the capture of which has been recorded in British waters, 
prior to that of the specimen dissected by Dr. Struthers, 
was only three : viz. a female cast ashore near Newcastle 
in September 1829, and described by the late Dr. George 
Johnston; another female taken in 1863 in the estuary 
of the Dee, the skeleton of which is in the Derby 
Museum, Liverpool ; and an adult towed into Wick Bay 
in March 1871, the skeleton of which was not preserved. 
This whale is, however, not uncommon in the North 
Atlantic, more especially off the coasts of Norway and 
Finniark, and in the seas of Iceland and Spitzbergen. 

The specimen described in Prof. Strulhers's memoir 
was seen in the Firth of Tay, in the month of December 
1S83. It was harpooned, but broke away from its 
captors, was ultimately found floating dead off Bervie,. 
and was towed into Stonehaven Harbour on January 8, 
1884. It is fortunate that it fell into the hands of so 
competent an anatomist and so enthusiastic a cetologist 
as the Aberdeen Professor. Thanks to his untiring 
energy and industry, he has furnished us with a monograph- 
on the external characters, the skeletal anatomy, 
muscular anatomy of the pectoral limbs, and the con- 
nections of the pelvic bones and rudimentary hind limbs- 
of this animal, far more precise and detailed than had 
been given by any previous anatomist. He has added 
also greatly to the value of his description by instituting, 
a comparison between the skeleton of Megaptera and 
that of Balcenoptera musculus. The memoir will have to- 
be studied by all cetologists who wish to have an exact 
knowledge of the anatomy of this great baleen whale# 


OUR BOOK SHELF, 

First Mathematical Course, Blackie's “ Science Texto- 
Books.” (London: Blackie and Son, 18S9,) 

This little work, comprising arithmetic, algebra (as far 
as simple equations), and the first book of Euclid, ia 
adapted to the requirements of the examinations of die 
Science and Art Department in mathematics (Subject V.),. 
first stage. The more elementary parts of arithmetic 
have been briefly treated, as the pupil will have moat 
probably reached fractions, but great attention has b^n 
paid to the examples, which are both numerous and 
judiciously chosen. The algebraical part is compl^d 
up to and includes simultaneous equations, and here, as 
in the arithmetical part> we have a great number df vrdH- 
arranged examples^ including those set for this stage in 
previous exatninatiems. Part IIL consists of the first 
book of Euclid with exercises on the various 
Preceding the answers to the examples is an ajme^x 
containing specimen examination pap^ set by the shove^ 
named Depaitment# Teadiers, who muhe a great hiathbef 
of easy examptes on these three braecms bf 
will find this book very useful V 
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to T&dhtmitf^s Integral Calculus. By H. St* J. 
nunter, M^A. (London ; Macmillan and Co., 1889.) 

Axt th« examples in Todhunter^s ** Integral Calculus*^ 
are fully worked out in this volume. In the earlier chap> 
ters. the solutions are ^exhibited with considerable detail, 
<ao mat the ** Key ** will be a valuable aid to those who are 
beginning the subject without the help of a teacher. 
Throughout the work many references are made to the 
text, the edition referred to being that of 1S86. 

7 ’A^ Hand-book af Jamaica for r 889-90. By A. C. Sinclair. 
(London: Kdward Stanford. Jamaica: Government 
Printing Establishment.) 

This is the ninth. annual issue of Mr. Sinclair's “ Hand' 
book,^’ and to those who have already had occasion to 
consult the work we need hardly say that it contains all 
the information, clearly and compactly presented, that is 
likely to be wanted by its readers. The writer provides 
a good description and historical sketch of Jamaica, and 
full details are given with regard to all the leading institu- 
tions of the ishandi The volume is published by authority, 
and has been compiled from olificial and other trustworthy 
records. 


LETTERS TO THE EDITOR. 

( Th$ Editor does not hold himself responsible for opinions ex- 
pressed by kis correspondents, pf either can he undertahe 
to reiurHj or to correspond with the writers ojt rejected 
manuscripts intended for this or any other part of Natur*, 
Plo notice is taken of anonymous communications, ] 

The Method of QuarterSquares. 

May I point out, by way of note to Mr. GlaishcrV article 
(October 10, p. 573) on the melhcd of quarter-squares, that 
the method is indicated in the second edition of Sir John 
Leslie's “Philosophy of Arithmetic'' (Edinburgh, tSao ; sec 
pp, 346-57). Leslie gives what he calls a ** specimen " table, 
extending as far as 2000, whereby any two numbers containing 
not more than three digits each cun be multiplied ; and be also 
points out the application of the table for any two numbers less 
than 2000 by using the formula — 


2 I ^ + 


4 


(a - /O® 

4 


Apparently, Leslie was an independent discoverer of the method ; 
«t least this seems to be implied in the remarks which follow his 
table in the work cited above : — **This application of a table 
of quarter-squares, as it is derived from the simplest prin* 
ciples, might have readily occurred to a mathematician ; yet I 
have nowhere seen it brought into pracdcal use till, last summer, 
I met with, at Paris, a small book by Antoine VoUin, printed 
sn 1817, It contains a table of quarter squares for the multi- 
piJeatiOn of whole numbers from 1 to 20,000, with an explanation 
of the mode of employing them." G, Carey Foster. 

Uttiversity College, London, Octolw 13. 


Marine Biological Aaaociation. 

The British Association, at the recent tneeting at Newcastle 
placed a grant of money in the Imnds of a Committee, consist 
ing of Prof. W. H. Flower, Prof. M. Foster, Prof. E. Ray 
Lahkeater, Prof. S, H. Vines* and myself (Secretary), “ for 
the purpose of nominatiag students to work at the Laboratory 
-of «» Martiie Biological Association at Plymouth,” Arrange- 
metihs OM being made with the Council of the Marine Biological 
AmodaitOn, by which vhe Committee hope to obtain the use of 
a ta^ at the Laboratory at Plymouth for twelve months. 

May l adt you to aisist, through the medium of Nature, in 
Wm|kitig this iitformatton public ? Persons who wish to take 
adm^We of the opportunity, afforded by the British Assocla- 
tioi 4 at ^he Plymouth lAboratory should addr^ 

tlwillr i^lfoatibn to me at the earliest possible date, 'fhe 
contain fun particulars as to the nature of the 
which It iR proposed to carry qn, together with a 


statement of the period of time during which the applicant would 
be able to work at Plymouth. S. K Harmer. 

King's College, Cambridge, October 15* 


Section Work at the British Association. 

The recent meeting at Newcastle has emphasired what has 
been frequently noticed before, that the British Association week 
undoes the benefit of previous holiday, and that tlie conditions 
under which the work of the Sections is carried on are preju- 
dicial to health, and have this time resulted in a considerable 
list of sick and wounded. I speak especially of Section A, but 
have no reason to suppose it difiFerent from others. 

The principal difficulty is the elementary one of food. A 
satisfactory midday meal is at present praciically unattainable, 
unless one is willing to sacrifice everything else to it. The time 
of meeting (from 11 to 3, or, for those more intimately con- 
nected with the business of the Sections, from 10 to 5) and the 
practice of non-adjournment for lunch are to blame for this ; 
and I write to raise the question, whether it may not be wise to 
reconsider the time-honoured meeting-hours both of Sections 
and of Committees. Several proposals can be made, but the one 
I wish to bring forsvard is, to postpone the Sectional Committee 
meetings tilt after the Section has sat, and to begin the Section 
work at 10 a.m. The work should begin then more freshly 
than it docs now after an occasionally tedious, though occasion- 
ally interesting, Committee meeting ; and it may go on steadily 
till 1.30, when it will usually stop for the day. At 2.30, or 
possibly, but less advaningeously, at 2, the Sectional Commit- 
tees can meet and transact their business comfortably. It will 
be ea'ticr to arrange the pa\^ers for next day when it is known 
how many stand over from the recent meeting ; and as the 
Secretaries usually have things pretty well arranged beforehand, 
there need be no difficulty or delay in getting tfie list to the 
printer in good time. The impoitant business of appointing 
CommUlces and such-like can be discussed very rationally after 
the Committee or individual has just reported to the Section, 
instead of, as at present, before such report. At 3.30 the 
General Cominiilcc and the Committee of Recommendations 
can meet, instead of nt 3. This apparent lengthening of the 
<iay’s work by half an hour will be more than compensated by 
a comfortable sit-down lunch, and one useful function of the 
Association, vir. the interchange of ideas in conversation, will 
be much assisted. It may be objected! that, if all the Sections 
rUe nt 1.30, the luncheon-room will be inconveniently crowded, 
but there are usually many clubs and private houses available ; 
and if a midday meal became a feature, there is no lack of 
hospitality. The usual difficulty is how to fit anything social 
into the crowd of engagements and evening lectures. 

My proposal curtails the Section time by half an hour. 
Whether this b regrettable or not, I am not sure : there are 
ways of avoiding it if it is. If any hard-pressed Section 
chooses, it might meet again at 3.30 on every day but Monday, 
and sit, concurrently with the Committee of Recommendations, 
for an hour or two without essential hardship. What 1 feel 
sure ought to be reconsidered, is the present health-destroying 
practice of continuous session, Oliver J. Lodge. 


Anthropometiic Measurements at Cambridge, 

I QUITE agree with your correspondent “F. M. T." that the 
head measurements are not sufficiently accurate to warrant th*r 
use as data for coming to any conclusion as to increased cranial 
capacity, much less as the foundation for the theories of Mr. 
Francis Galton. On a comparison of the head measurements of 
any one individual, they are found to be so variant that one b 
forced to conclude that the errors of observation are far great w 
than the maximum error which could exist without completely 
vitiating the irustworthioe-s of the data. The following measure- 
menu of my head during the last two years are sufficient to 


render this obvious — 

Breadth, 

l.engtli. 

Above line 
from brow 

Total. 

May 28, 1887 

V 57 • 

• 7*4 

CO ear. lobe. 

.. S '3 

»a 3 |S 

Novetnl)er 19.^887. 

• 5 ^> ■ 

.. 7*3 

.. 5 'S -- 

324-84 

June 14, 188S 

. s« 

7'4 

.. 5*5 ... 

236x6 

February 4, 1889 . 

■ 57 • 

■. 7 3 

.. 57 - 

216-37 

August 33, 1K89 . 

• s'2 • 

■. 7*5 

.. 5*4 - 

W 90 

August 30, 1889 , 

. 5 « • 

7*4 

.. 56 ... 

a 4 o- 3 S 



594 


NATUJiE 


{Oci. %7i 


1 would particularly call attention to the third and fourth 
m«(ivuretnents, as also to the last two, and venture to think that 
no one could entertain the trustwortbinesa of data that involve 
such great changes in cranial capacity in such short spaces of 
time. To wh^t, then» are these difiTerences due ? Partly, of 
course, to unavoidable errors of observation. This, however, I 
think is only a small portion of the dilTerences. The main 
difiTerence is, 1 believe, due to other causes. Anyone who has 
seen the instruments will recogni^ that they are far too rough 
and imperfect to measure small differences with any d^ree of 
accurac^, and yet it is on differences as small as one-lenin of an 
inch that Mr. Galton’a calculations are based. 

I admit it is quite possible that, even after elimination of the 
errors due to experimental causes and to the imperfection of 
the instrument, the figures would still be somewnat variable. 
These variations may, however, be readily explained, without 
the assumption of any improbable head -growth. The amount 
of hair on the head must considerably inffuence the measure- 
ments, and, occording as it is long or short at the time of mea- 
surement, so will the figures show an increase or a decrease. 1 
have tested this, and proved it to be the case. On August 30 
(,my hair not l>eing very Jong, having been cut two and a half 
weeks previously) my head was measured, the figures being as 
follows : — 

5 ' 8 , 7 * 4 , = 240 ' 35 ‘ 

T then had my hair cut fairly short, and was measured again ; 
the figures then read — ■ 

57 » 7 ‘ 4 * 5*5 = 231-99. 

Again, the scalp being, as is well known, very vascular, any 
change in the fulness of its vessels must matenally affect the 
thickness of the scalp, and so influence the measurements, and 
so any cause producing either increased blood-flow or hindering 
the return of blood from the scalp, will have some effect on the 
measurements! 

Several other similar explanations of supposed head -growth 
might be given, but I think' the measurements I Imve given will 
su^ce to %ow the uselessness of the measurements for calculat- 
ing head -growth, and, further, that such diff'c'^ences as actually 
do exist con be readily explained without having recourse to any 
such improbable assumption as the further growth of the head 
after nineteen years of acre, and without involving the unintel- 
ligible statement that the head of a man grows more 

than the head of an honour man. This would necessitate the 
supposition that a man, by bis three years’ study {">) at 

Cambridge, profits more than an honour man ! Such an hypothesis 
would need more scientific proof than has been given. 

Trinky College, Cambridge, September 3. H. J. P. 


O lories. 

CoLouitEp rings are often seen surrounding the shadow of 
the apectatoris head when (he sun is shining on a fog of water 
]:iarticles. They are known by various names, such a.s glories, 
anthelia, Ulloa's rings, &c. Can any of your readers inform 
me if they can also be seen when the fog is frozen ? J should 
also be glad of accurate accounts of their colour and angular 
dimensions. I have read those given by .Scoresby (Kaemtz, 
“Meteorology," translated by Warner); Flammarion (Glaisher’s 
“Travels in the Air”) ; Abercromby January 

1887) ; and Mohn {Naturk, February 1888). 

JAMKS C, MCCoNKIuU 

Jii otel 3 uol, Davos, Switzerland. 


Fine Slow-mov.'ng Meteor. 

Ox September 3 S» 8*** 5 ”'*i ^ “ bright first-magnitude 

meteor amongst the stars of Aquarius. It moved very slowly 
to the east, and, after a duration of about 13 secouds, dis- 
appeared at the point R.A. il®, Decl. + 8*. Its place of first 
appearance was near K. A. 332°, Deck - 7J®, so that the length 
of its observed path was about 42^, The nucleus was followed 
by a thick train of sparks, and at the end it divided into two parts. 
This nwfteor was observed nt Oxford by Mr. W. H. Robinson, 
of the Radcliffe Observatory. He writes:— “ This evening a 
fine meteor was seen slowly moving between the conslellatiops 
Aquarius arid Pe^us, at 8h. 0 . M.T. It was first seen at 

K.A. 33c*, N. P.I). 88®, disaf^aring near H*A. 35 ?*# K.P.D, 
8*® ; duration, 3 or 4 seconds/^ A comparison of these obser- 
vations shows that the radiant point was probably in R.A. a44^ 


Deck - 32 ®, and that the meteor, when first seeee wa« at w 
height of 46 miles over a point in the English Channel M ridles 
south of the Isle of Wight. It disappeam near E^taplehnrst, iib 
Kent, at the same hekht. Length of path, roo miles. At 
Qxfo^, the early part of the meteor’s flight was not seen. The 
Rristol observer watched the meteor through 91 miles of its 
course, and the duration rif 13 secorids would give a velocity of 
7 miles per second. At Oxfm, 35 miles of the terminal section 
of tlie flight was seen in 3 or 4 seconds, which gives a velocity 
of lb miles pm* second. 

Further observations of this body would be valuable to cor- 
roborate these results. The meteor was an exoemional one, 
both as regards its slow speed and the position of its radiant 
point. No meteor-shower has hitherto b^n recognised at this^ 
epoch in the region of Scorpio. Isolated slow- moving meteors 
of this description are of great Value as givii^ lus indications of 
Jbeble systems not otherwise di&cove«able,.;|^b^ as allowing good 
determinations to be made of their heights *od velocities. 

Bristol, October 4. W. F. Dsnnixg. 


A Brilliant Meteor. 

At yh. fiiD.d: p.m. G.M.T., on October lO, a brilliant meteor 
was observed here, about lo'" south-west of a Pegaai, and travel- 
ling from thence to near Jupiter, being apparently three times 
the size and brilliancy of that planet. Its colour was of a 
bluish-white, and it possessed a fine train, disappearing after six 
seconds, having burst into a number of pieces. W. Hu(iO. 

Kew Observatory, Richmond. 


The Shining Night-Clouds— An Appeal for 
Observations. 

The following is the substance of an appeal for observations 
made by Herr O. Jesse in the spring. The time of year ix> 
which the clouds appear in these latitudes has now elapsed ; 1 
have seen no sign of them this summer, cither in this couAUy 
or while travelling in the Alps. But ns Mr. D. J. Rowan saw 
them (see Naturk, June 13, p. 151) it Is very desirable that 
they should be looked for in all parts of the world. I see Mr. 
Le Conte- assumes (October 3, p. 544) that Mr. Rowan is correct 
in calling these clouds self-luminous— which conclusion 1 agree 
with Herr JeiMtc in considering highly improbable, 

Sunderland, October 12. T. W. Backiiovse. 

The lime of year has again arrived when the lustrous silvery 
clouds, which have appeared annually in June and July frotts 
1885 to 1888, may be expected to again become visible to 
observers throughout Europe. 

These c) juds arc not only of high mcteorol<^ical Interest, but 
may be of an almost greater astr>momicat on for, from their 
so decidedly pronounced periodicity, joined to their extra- 
ordinary height, it may perhaps be inferred that they am of 
extra- terrestrial origin. 

As there is entire lack of prevlons record of these ctoadK 
and they may disappear soon for an indefinite period, 1 would 
earnestly ask for suqh early observaitioas as may be likely to 
detcrinine their origin, nature, and periodic motion. Speeftro* 
scope examination of their light would be valaabte. Vrof 
Gafle and others have cotwtdered that the clouds in question 
are phosphorescent, hut this Is very improbable, and I hold they 
are scarcely, if at all, risible allies the sun shines directly upon 
their substance. On this assum|Hion, their height in 1805 was 
found to be ftom to 54 kUottetres ; but, by photographic 
observations in 1888; It csutie out as ^eat as 75 kilometres. 

Prof. Kohlrausch advances the opmion that these clouds have- 
in some way been formed by the etuprtouof Kra 4 catxCh# aHh«|1^ 
they were not generally seen until nearly two years a^ 
event. Frpm this hypothesis I suggest that they may be oauped 
by the condensation of gases from chat volcano,, am thal the 
process of condensalbn occupied the intervening time, Oofi 
observer^ however, stateathm he saw them in 1884* 


mres. 

We deeply rogtel to have to xeeord tbe daath of 
cott Joule, one 6f the .greatest nrM of the 
Friday last at his mridanec at Ss^# ge^ Manchcaiec. V V ' 
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PlttoiF, H. O* SjttttEY, who has recehlly returned from a a 
^ex(>editloii to So&th Africa, has obtained fvona the Karroo, 
atsonj^ a lati^ number of other (reasures, a complete specimen 
•of the nmch-diieussed J^ar/eajtaurus, 

Tke Ordinary general meeting of the Institutioii of MecHanioai 
EogUieers will be Held on Wednesday, October 30, and Thurs- 
'day, October 31, at 25 Great George Street, Wesminater. The 
<dkair will be taken at half-past seven p.m,, on each evening, by 
I he President, Mr. Charles Cochrane. 1 'he following papers 
will be read and discussed, as far as time permits : — On the 
resaits of blast-furnace practice with lime instead of limestone as 
Ifliuc, by the President ; description of a rotary machine for 
making block-bottomed paper bags, by Mr. Job Uuerden, of 
Zlumley, communicated through Mr. Henry Chapman ; further 
experiments on condensation and re 'evaporation of steam in a ^ 
jacketed cylinder, by Major Thomas English, R,E., Superin- i 
tendent, Koyal Carriage Department, Woolwich. i 

The Government of Victoria has definitely deputed Mr. James i 
■Stirling, Assistant Geological Surveyor in the aerviceof the Govern- , 
iiient, to make a thorough and systematic survey and mapping of I 
the coal districts in the colony. ThU step has been taken in oonse- , 
qucnceof the suggestions of Sir James Hector, the Director of 1 
the Geological Survey of New Zealand, who, during a recent | 
visit to Victoria, examined the supposed coal- bearing reams, and i 
reported favourably on them. The great drawback to Victorian ! 
prosperity so for has been the absence of coal deposits. { 


number. There is also a view of Salisbury Cathedral from the 
Bishop's garden. 

The Pilot Chari of the North Atlantic Ocean for the month 
of October shows that September was veiy stormy, especially 
off the American coast and in the West Indies. Dow barometer, 
accompanied by gales, prevailed along the transatlantic routes 
from the 4th to the J5th inclusive. The most notable disturb- 
ance was the West India hurricane, which seems to have 
originated east of the Windward Islands at the end of August, 
reaching Antigua and Martin ifiue on September 2, and con- 
tinuing with unabated force in a west- north-west direction until 
the J 2th. The large area and the severity of this hurricane make 
it one of the most notable on record, and it is the subject of n 
I Bt^ecial appendix, with charts, showing its beliaviour over the 
ocean during each of ten days. The rapidity with which these 
charts have been published U, we believe, une4ualled in mari- 
time meteorology, and indicates, as stated in the rciiiark«^, the 
cordial support that the Washington Office receives from masters 
of vessels in its efforts to collect, and utilize maritime data. 
There was a marked diminution of fog during the month, and 
an unusually large amount of ice as far as the 49th meridian, 
and even south of the 50th parallel. 

The appendix to the Bulletin of the New England Meteoro- 
logical Society for the year i 815 S, shows that the number of 
stations constituting that weather service amounts to 172. The 
year was, on the whole, cool and wet, and some of live cyclones, 


The Cwil ami Military Gazette of Lahore says that Mr. 
Dauvergne has succeeded in erecting a monument to the memory 
of Mr. Dalgleish, where the latter was murdered at the foot of 
the Karakoram Pass two years ago. 

Dr. A. ALcock, of the Indian Marine, has been deputed to 
examine and classify the collections which the Indian Marine 
Survey has made over to the Imperial Museum, Calcutta, during 
the past few years. 

The cultivation of the Egyptian date-palm in India ts to he 
tried on a large scale, and Otn order for over 700 off-sets and 
three maunds of seed has been sent to Egypt. It is intended 
that the consignment shall be distributed in the Punjab, Bombay, j 
Madras, Rajputana, and Coorg, for experiment. 

The Ke^v BulUtin for October opens with a paper on a valu- 
flble fibre, largely used in this country under the name of Bahia 
piassAva. This fibre is obtained from the leaf-stalks of a Brazilian 
palm known as AttaUa funifera^ Mart., and is used in the 
midring of brushes and l^ootns. Some interesting remarks on 
the condition of the industry in Brazil, by Mr. W. S. Booth, 
are presented in the paper. In another paper there is a letter, 
addressed by Mr. D, Morris to the Colonial Office, on the 
treatment of seedling sugar ciiuies at Barbados, and of any that 
shay be found in other sugar-producing colonies in the West 
lilies. The remaining subjects dealt with are cinchona in 
.Jamaica; the commercial product called gambler, used by 
taniiers ; and the fibote industry at the Bahamas. 

TMe BhMa^raphic QmrUrfy^ if we may judge from the first 
nuhther, U ylrafy to he of great service to all who interest them- 
iseMs in the etudy of photographic methods. It opens with a 
eeiiev lOif hlnte, by the Rev. T. Ferkias, on the production of 
by |diDtogra|^y. Among the other articles are ** Che* 
and C, H. Boihamley; “Thelnflu- 

Fhotbgraphy on Art, and its Consequences," by A. M. 
ttfcttiid J Flea for Photogravure," by Major J, F, Nott ; 

by J* HaM-fidwaKls ; and ** New 
in in Lantern Slides/' by Uonel 

, A pattimit of Mr, James Glai^err F. K. President of 
/tfto Society of Great Britain, ac^panlei the first 


I of which 88 are classified according to the direction of their 
■ paths, were of great violence. Thunderstorms tfrere very nume- 
rous, and in some cases destructive. A marked peculiarity of 
the year was the heavy rair* falls which occurred in the last six 
months. In the fi\e months August to December the excess 
was nearly 1 1 inches. Tlie greatest and least movements of the 
wind, as shown by unemomctrical records, were in March and 
June respectively ; the largest totals for the year were at Blue 
Hill Observatory. 

At the meeting of the Linnean Society of New South Wales 
on August 20, Mr. J. H. Maiden read an interesting paper on 
I spinifex resin. The resin examined was a sample obtained by 
Mr. W, Froggall near Derby, North-West Australia, last )car, 
and presented by Sir William Macleay to Mr. Maiden. It is in 
flat cakes, about 3 inches in diameter, has a dirty bronze-green 
appearance, and a persistent disagreeable odour not easily 
described. It consists of vegetable ^ 3 ns (which may prove to 
behmg to a grass) cemented with a yellowish* brown icsin, and 
containing about 3 per cent, of fat. Mr. Froggatt slates that it 
is employed by the natives as a cement for spear- heads, Ofcc. * 
and the consistent testimony of the natives, as well as of the 
J Europeans, is that it is obtained from the roots of spinifex 
grass [Triatlia irritant^ R.Br,). As far as the author knows, 

! the extraction of resin from a grass has never previously been 
! recorded. The resin isolated bears no resemblance to jmy 
other Australian resin known to the author. 

A SCHEME is now being matured to establish regular training 
schools for surveyors in the Straits Settlements. The demand 
for surveyors is very great on the part both of the Government 
and of private individuals, and this demand is sure to increase 
with the rapid development of the Malay Peninsula. 

Techs instruction U receiving a good deal of atten- 
tion in the Central Provinces of India, Under the new acholar- 
sbip rules, high school scholarships are tenable in the engineering 
and agricultural classes which were opened last year at Nagpore, 
and College scholarships have also been reserved for engineer- 
ing students who desire to study in some Engineering College, 
or in any Superior School of Forestry. At pre.sent, the clashes 
at Nagpote are not well attended. In the engineering das?, thirty 
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students enlered, but only eleven passed the first year's course. 
It is, however, expected that a large number will enter during 
the coining session. There was an average of twenty-five 
students in th^aghcultural class. In connection with the latter 
class^ the students are compelled to work with their own hands 
at all the ordinary agricultural processes, and each receives a 
plot of land, which he is expected to till as directed. Besides 
practical agriculture, the students are taught mechanical and 
chemical analyses of soils and practical field'surveying. Garden* 
ing and carpentry are also taught. One of the greatest hin- 
drances to the progress of this and similar institutions in India 
is the dislike of the Brahmins to any manual labour ; but 
the authorities do not despair of overcoming this difficulty. 

Some Italian observers have been recently testing the senses 
of criminals ; and they find these duller than in the average of 
people. Signor Ottolenghi, in Turin, found, last year, a less 
acute sense of smell in criminals ; and he now affirms the same 
for taste, which he tested by applying bitter and sweet substances 
(strychnine and saccharine) in dilute solution to the tongue. He 
finds also the taste of the habitual criminal less acute than that of 
the casual offender, and a slightly more acute taste in male than 
in female criminals. Experiments a ith regard to hearing were 
made by Signor Gradenigo (also in Turin) ; and of 83 criminals 
he found 55 (or 67*3 per cent.) to have less than the normal 
acuteness, the greatest inferiority being in the oldest. In female 
criminals the relations were somewhat better : 15 out of 2S had 
hearing under the average. The limits of variations in acute- 
ness also &p]>eared to be much wider in criminals than in normal 
persons. Ear disease was common. Signor Gradenigo at- 
tributes these things to hygienic conditions of life, and 
vicious habits. 

Messrs, Macmillan and Co. have issued Part 2, compris- 
ing Book 11 ., of the fifth edition of Prof. M. Poster’s “Text- 
book of Physiology." The woik has l>ecn largely revised. 

The sixth edition of the well-known “ Treatise on Dynamics 
of a Particle," by Prof. Tail and the late Mr. W. J. Steele 
(Macmillan), has been issued. The work was begun by Prof. 
Tait and Mr. Steele towards the end of 1853, and first appeared 
in 1856. At Mr. Steele’s early death,” says Prof. Tait in the 
preface, ** his allotted share of the work was uncompleted, and 
1 had to undertake the final arrangement of the whole. In the 
subsequent editions it has derived much benefit from revision : 
first by Mr. Stirling of Trinity in 1865, then by Mr. W. D. 
Niven of Trinity in 1871, and by Prof. Greenhill of Emmanuel 
in 1878. It last appeared after a general revision by myself, 
with the assistance of Dr. C. G. Knott and of my colleague 
Prof. Chrystab The present edition has been prepared by me, 
with the a.ssistance of Dr. W. Peddic," 

The second volume of the “ Geological Record " for 1880-84 
(inclusive) has been issued, h is edited by Mr. \V. Topley, , 
F.ft.S,, and Mr. C. D. Sherborn. The subjects to which the , 
lists of publications relate are physical and applied geolog}% | 
petrology, meteorites, mineralogy, mineral waters, and paloeonto- 
Ingy. There is also a division entitled “ General," and another 
deals with maps and sections. A carefully compiled index adds 
to the value of the work, Mr. Topley and Mr. Sherborn ap- 
peal to editors, publishers, and authors to aid them in future 
labours by forwarding copies of their publicatians, especially 
pamphlets separately pubUsl^d, and new series. 

Messrs. Dulau and Co. will publish, in December, a 
"Catalogue of British Eosail Vertebrnta,” by Arthur Smith 
Woodward and Charles Dkvles Sherborn. The volume will 
consist of about 350 pages, and will tabulate the results of re- 
searches upon the British fossil Vertebrata since the time of 
Unnieus. llie nature of the type specimen in each case is 


stated, and, whenever traceable, the museum or collection 
which it is now preserved is mentioned. Special attention haa 
been given to the distribution of the Pleistocene MammaUa. 

We have received from Napier, New Zealand, a copy of iV 
pamphlet containing some papers on Maori folk-lore read before 
the Hawke's Bay Philosophical Institute by Mr. William 
Colenso. The first is emUlecl “Ancient Tide-lore and Tales 
of the Sea," and gives the Maori lore on the cause of the tides, 
on the sounding, or, as it is styled in Cornwall, the “ callixtg," 
of the sra. These are followed by other Maori stories from the 
east coast of New Zealand, translated with explanatory notes.. 
The whole forms one of the most charming contributions to 
folk-lore that have ever come under our notice i 

Ik his last Report to the Foreign O/fice on the agriculturaJ 
condition of Colombia, the British Consul at Bogota says that 
the potato is the chief food of the people of the cold part of 
that country. Two principal varieties are known— namely, the 
criollns, which are red- skinned and orange coloured inside, and 
the ordinary white potatoes. In 1865 the potato* disease, which 
was unknown till that year, attacked the crops, and they have 
decreased very much in quantity since then. It is worthy of 
remark that the greater the altitude at which jx>tatoes are 
planted (they are sometimes planted at a height of above 9000 
feet on the mountains) the less tendency is there for the disease to 
break out, and at the greatest altitudes the disease is almost, if 
not quite, unknown. With regard to the cinchona industry, the 
Consul reports that in 1884 the Government of the Republic 
passed a Jaw for the purpose of promoting the plantation of 
cinchona, india-rubber, and eucalyptus trees, and tlie President 
was authorized to award valuable prizes to the most successful 
growers of cinchona trees. The trees to be planted were to be 
of four species, C, Udgtriana^ C, officinalis^ C. lanciffiHa^ and 
C, filaytnsist but, though the distribution of trees was free, the 
law has remained a dead letter ; no new plantations have been 
made under its provisions. 

A NEW series of experiments upon the vapour- density of 
aluminium chloride have been made by Profs. NiUon and 
IVitcrsson, with the view of deciding the somewhat vexed 
question of the valency of aluminium. Former experiments of 
the .Swedish chemists led them to the conclusion that aluminium 
chloride docs not become completely vaporized until a tempera^ 
ture of about 800'’ C. is attained, when the density of the vapour 
corresponds to the formula AtCl^, this value (4*6) remahxing 
constant until over looo® C. On the other hand, Messr*. Friedel 
and Crafts, emplojing the method of Dumas, found that between 
218'' and 433" C. the density remains constant at a value (9^a) 
corresponding to the formula AlgCl,,. In older to render their 
experiments as unimpeachable as possible, Profs. Nikon and 
Pettersson have made their tedeterminations at the lower tem- 
peratures by Pettersson and Ekst rand's modification of Dumaa 
method, and have also been enabled by taking advantage of 
recent improvements in the construction of the Perrot fiimape^ 
to extend their observations to a white heal of 1600*' C. Taking 
the higher temperature determinations by Victor Meyeris method 
first, the platinum apparatus used in the former experiments was 
dkcardetl for glass and porcelain, as k has been shown fhat 
heated platinum has a slightly injurious effect upon the stability 
of aluminium chloride. Using glass apparatus heated in sulphor 
vapour (440'' C.) the density was found to be 7*5. Heated stQI 
further in vapour of phosphorus pentasulphide (5l8°) the dealdi^ 
diminished to 7*16. In stannous chloride vapour at 60^*' il 
became reduced to 5'‘34. The former resulu with the plat^jixk 
apparatus at temperatures ftbm Soo* to 1000’ showed that tb* 
denaby remains constant at about 4*^, correspoudlag to 
Uring the new Perrot ibrnace and a porcelain apparatus atf 
(he density Is still found to be ndt much reduced, 4'ad 4.1^ at 
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f6oo^ th« higb«f(t t«inp«nUQfe attainedf the value 4*08 wai 
obtained* It therefore appears that for 603“ over 1000*" a very 
iBial] amount of dissooiation occurs, probably owing to the 
influence of a smaU platinum tube in which the chloride was 
introduced t as a minute quantity of an alloy of aluminium and 
pUtinum was aflerwards found. Hence the molecules of AlCl^ 
molt be remarkably stable. The first of the experiments by the 
method of Dumas was conducted at the temperature of boiling 
nitrobenzene, 2ogf ; at this temperature the density was 9 9. 
At the temperature of boiling eugenol, 250"", 9*62. At 301^ in 
vapour of dipbenylamine, 9‘55. In mercury vapour, at 357”, 
9*34. In volatilized antimony tri-iodide, at 401% 9 02 ; white at 
the temperature of boiling sulphur, the density, according to 
this method, had diminished to 879. From these results the 
Swedish experimenters conclude that the vapoupdensity of 
aluminium chloride decreases continuously and almost regularly 
up to 800', when it becomes practically constant for four or hve 
hundred degrees of temperature, and that although the value 
9*a is found somewhere between 200® and 400% yet this value 
does not remain constant for a sufficient interval of tempera- 
ture to enable us to assert the existence of molecules of the 
composition Al^Ct^* 

T»e additions to the Zoological Society's Gardens during the 
past week include two Common Marmosets {Hapah jauhuP^ 
from South-East Brazil,' presented by Mr. Stanley Gibson; a 
Canadian Beaver \Casior canadensis) from North America, pre- 
sented by Mr. J. R. Politzer ; a Palm Squirrel (Sciurus pal' 
fuarum) from India, presented by Mr. W. Tweed ie ; a Green 
Monkey {Cercopithecus callitrichus) from West Africa, presented 
by Mrs. E. Reeves ; a Centipede, presented by Dr. C. H. 
Jiouafield j a Rhesus Monkey {Matacus rhesus) from India, two 
Black-headed Lemurs {Lemur brunneus) from Madagascar, two 
Spur- winged Geese {Viictropierus gambensis) from We.st Africa, 
a Red and Yellow Macaw (Jra chhroptera) from South Ame- 
rica, deposited ; two Black Storks {Cicoma nigra)^ European, 
two Mantchurian Crossoptilons {Crossoplilmt manickurkum) 
from Northern China, purchased ; a Puma {Felis €omclor\ born 
in the Gardens. 


which met at Paris during the past month, have not yet been re- 
ceived. The following, however, are some of the points decided 
by the Permanent Committee : — 

The centre of the plate is to be pointed not more than 5^ distant 
from the selected point in the heavens, the size of the plate to 
be 160 millimetres square. The site of the held adopted was 
2** square, whilst the riseau is to be 130 millimetres square, with 
lines 5 millimetres apart. 

The amount of overlapping decided upon was 5'. Vogel has 
undertaken the construction and verificaiion of the rheau. H'he 
distribution of the work among the co-opcraling Observatories 
has been completed, and to Greenwich is allotted that from 
Declination -f 48 to + 40. 

Plate glass oi*]y must be used for the plates ; the chemical 
formula, however, is left open. The ^ensitiveness for the Chart 
and for the Catalogue Ls to be the same. Heseau to be used 
in both series. 

A scries of standard plates will be prepared by the Paris Ob- 
servatory, and the lime of expo^ure must he adjusted so as to 
compare properly wiilj these standards. 'Pherc will be one 
or more tmreuus established for such Observatories ns cannot 
measure their own plates. 

Intfrnationai. Congress on Cfxestial Photography. 
— There was a preliminary meeting of this Congresh at Meiidon 
on September 20, to consider the programme that had been 
drawn up by the Provisional Committee. A few slight altera- 
tions were made in the original scheme, but the details of the 
work were not entered into. It was, however, decided that the 
greatest latitude should be allowed in the choice of instruments, 
and that each observer should employ that instrument to which 
he was accustomed, having no regard to uniformity. 

In order to indicate the spectroscopic work included in the 
programme, a change in the style of the Congress was agreed 
to. It is henceforth to be the ** International Congress on 
Celestial Photography and Spectroscopy." 

A LARGE detailed drawing of the Milky Way — the result of 
five years’ labour- ts now on view at the r<»oms of the Royal 
Astronomical Society, Burlington Hou.se. An explanatory note 
will be read at the next (November) meeting of the Society. 


ASTRONOMICAL PHENOMENA FOR THE 
WEP:K 1889 OCTOBER 20-26. 


OUR ASTRONOMICAL COLUMN ^ 


Astronomical Observatories.— A list of the astronomical 
observatories of the world, by George H. Boehmer, has just been 
reprinted from the Smithsonian Report for 1886 ((Government 
Printing Office, Washington, 1889). The work is the outcome 
of the pieliminaiY account published by Prof. Holden, in 1879, 
a lofge amount of material haying since been collected by edrre- 
sponoence. The various observatories are arranged under two 
nms-^(t) American, (2) foreign->an alplrabetical arrangement 
t^ing adopted in each case. Keferences are made to 78 Ame- 
ricati and upwards of 200 foreign observatories, including private 
observatories. In many cases the particulars arc incomplete, 
bat it is hoped that the publication will induce the directors of 
ohservatorles to communicate to the author any further accounts 
and correcUona which (hey may demn desirable. Latitudes and 
lOfkitude^ ure jriven in nearly evety cose, and also a list of past 
and present qlrectOFS. Descriptions of the more important 
bbscTYOtories and their instrumental equipments are given. 


A $pitcTRtl3SC0Ptc Survey of Southern Stars.— I n a 
^Yate letter, Mr. R. L, J, EUcry, F.R.S.i writes:— We 
nave been making a spectroscopic rt^mnaissame of southern 
atarii iFifh a ' Maclean ' spectroscope on our 8-iiich refractor as a 
* list (br the great reflector, with which wc intend 
to m4lte a tpectttMWSopic survey of stars between 

iS^, and the Semfh Pole. 1 ath sending to the Royal Astro- 
hfclBleal ScNdsty the flrat list bf lop stars,*' This is a most 
ehitp, and a gap whidi has been a disgrace to 

^^toFtfOtOGtAFpiC Ct^NFEREKCEi— The C<w;//rr/ 
thae fall proceedings of the above Congress, 


/T7OR the reckoning of time the civil day, commencing at 
' ^ (Greenwich mean midnight, counting the hours on to 24, 
is here employed.) 

At Greenwich on October 20 


Sun rises, 6h. 35m. ; souths, llh. 44m, 47'56. ; daily decrease 
of southing, 9*88. ; sett, i6h. 55m. i right asc. on meridian, 
ith. 41*3111. ; decl. 10® 31' S. Sidereal Time at Sunset, 
i8h. 52m. 

Moon (New on October 24, I4h.) rises, ih. 3m. ; souths, 
8h. 35m. i sets, I5h. 52m. : right asc, on meridian, 
loh, 3r5m, ; decl. 13" 56' N. 


Plinst. 

Mercury. < 
Venus .. 
Mars .. 
Jupiter .. 
Saturn 
Uranus.. 
Neptune.. 


Rims. 
h. B). 

5 42 ...* 

3 46 ... 
2 42 .M 
12 24 ... 
1 12 ... 

6 7 ... 
18 26*.. 


Soothi. 
b. m. 

II 10 

10 O . 
9 18 . 
16 16 . 

8 19 - 

11 28 . 

2 15 .. 


S«tt. 
b. n. 
16 38 
16 14 

15 54 
20 8 
K 16 

16 49 
10 4 


Right asc, and declinadoa 
on mvndiaa. « 
h. 


13 d '8 

II 56*2 

II 137 
18 13*4 
10 15 I 
13 24*8 
4 97 


7 I S. 
2 4 N. 
6 26 N. 

23 30 s. 
12 14 N. 

8 18 S. 
19 19 N, 


* Indicates that the rittng Is that of the preceding even Eng, 


t>cl. h. 

20 ... I 

21 6 

22 ... 6 

24 *** II 

24 ... 19 


Saturn in conjunction with and 3 ® i' south 
of t! e Mood. 

Mars in conjunction with and 3^ 43" south 
of the Moon, 

Venus in conjunction with and 3® 48* south 
of the Moon. 

Mercury stationary. 

Mercury at least distance from the Sun, 
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X'anMe Stars, 

IStoi R.A. liccl 


ID Caphel ,0^ ... 

h 

0 

m. 

5»'5 

.81 

17 

N, . 

.. Oct 

ao, 

h. 

2 

m. 

25 

m 





N. . 

tt 

25. 

2 

i 

m 

\ Tauri 

3 

54 5 

. 12 

11 

•• 11 

20, 


28 

m 







II 

34i 

T9 
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24. 

2 
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M 
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48 
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tJ Aquilse 

19 
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16 
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II 
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20 

0 
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e Aquilm 

19 

46*5 

0 

43 

N. 
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*9 
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20 
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• II 
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0 

tH 
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20 
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^ Cygni 

20 

39 0 

■ 35 

11 

N. .. 

. II 

20, 

2 

0 

m 

8 Cephei ... ... 

22 

251 .. 

• 57 

5 * 

N, .. 

• II 


21 

0 

M 

U Cassiopeim 

23 

52*8 .. 

• SO 

46 

N. . 

11 

26, 



M 


ilf lignlfiM Bftximuai; m miniinu<B. 


K.A. DecK 

Near $ Tauri 78 ... 32 N. ... Swift. 

„ r Orionis 90 ... 15 N. ... The Orimids, 

t, 8 Gemmonim ... 106 ... 22 N. ... Swift. 

,, ir Ursse Majoris ... 135 ••• iSwift. 


GEOGRAPHICAL NOTES, 

Dr. Mohn pQTitribates to the Scottish GtographUal Magazine 
A uaeful nummary of our knowledge of the Barents Sea, between 
Spitsbergen and Kovaya Zcnilya. The depths of the Barents 
Sea contrast in a marked degree with those of the Norwegian 
ahd Oreentand Seas. Between Jan Mayen and Norway, and 
between 'Greenland and Spitzbergen, there are depths of upwards 
of aooo fathoms, but the bottom of the Barents Sea is found at 
depths under 300 fathoms. The transition from the great depths 
in the western part of the Northern Ocean to the shallows of the 
Barents Sea is marked by an imaginary line drawn between 
Western Spitabergen and Tromsb. Here is a submarine plateau, 
having on its western wall a sleep declivity towards the depths 
of the Northern Ocean, and on its eastern wall a relatively dat 
sea-bottom rising slowly towards the coasts of Norway, Russia, 
Novaya Zemlya, and Spitzbergen, and conthmin^ towards the 
north-east, with only 100 fathoms of water, to between Bpitz- 
bergen and Novaya Zkimlya. The adjacent Siberian Sea is also 
characteriaed by slight di^hs. 'flte Barents Sea is therefore 
deepest in its western part. A depreesion of upwards^ of joo 
fathoms In depth projects from here into the middle of the sea 
eastwards as far as the longitude of Varclb, the part of the 
bottom lying further east having depths vmyine between zoo 
and 100 fathoms, but more generally averaging tne latter. The 
too- fathom line runs very near the Norwegian coast ; here the 
bottom consequently descends rather quickly from the coalt^line. 
Bat from Kola, on the Murman coast, (be loo-fatbom line 
atretches direct to Novaya Zc ulya, and continues in a siituous 
direction to the north of ihis twin island. Further on we find it 
again in higher latitudes. It incloses Bear Island, and reaches 
tSe banks of Western Spitsbergen. On the eastern plain of the 
Barents Sea, where the depths are mostly a little over 100 
fathomSi are found some slight elevations add depressions ; the 
form of the sea- bottom is slightly undulating. As r^rds the 
material deposited on the bottom of the Barents Sea, we have 
acquired some know]ed|[e from the researches of the Norwegian 
North Atlantic Expedition. The specimens consist of a peculiar 
son of clay, different In description from that lying ob the 
bottom of the deep Northern Ocean. Its chief constituent ta 
silica (quartz) ; it is very pemr in carbonate of lime» end is cha- 
racterized by the existence ii} it bf the shells of a small animal 
belonging to the Foraminifera, from which our zoologists have 
given it the name Of the Rhabdamntiaa clay. Ifd colour ii daffe 
green. It U probable that this material is derived from Ihb 
quartz rocks or the surrounding countries, which, by mcatu df 
the dvers, tides, currents, and otm-lee, have been spread over 
the sea-bottom. The salinity of the water of Barents Sea it 
olightly lower than that of the l^orwegian Sea, psrticuUiiy U 
cfae surface. The tern peraiure of the water in the Barents 
exhibits some contrast in its southern tti its northern part. The 


mean Aiinual temperature of the surface is 5* C. at the NoKh 
Cape, 4** on the Murman coast, from a"* 10 on the woat*ooaSt 
of Novaya Zetalya, and C. at BeUr Island, In the month of 
Angusi— (he wannest for KUrfacc temperaturesr— ihe ik0rh»4i 
temperatiure of the sea is 9* C. at Soioen (Hammerfest), 
and lower on ihe Mum an coast, 5* to at Novaj^a 
2^ at Beat Island, and at the South Cape of Spttzbergen. In 
March— the coldest month for surface temperUI tins— the tempera- 
ture of tihe sea is 2**4 C. at the North Cape, i*‘4 at Vatdo, o* to 
- 2"* at Novaya Zemlys, a little above o® at Bear Isknd, 
and 1^ at the South Cape of Spitzbotgen. For the whole year 
as well as for the warmest and the emdest months, the surface 
water is consequently warmest at the coast of Ftnmarken, and 
coldest in the sea between Novsya 2 !eml) n and Spltzbcrgen. At 
the depth of too fathoms we have 4® C. olf Mammerfest, 3® off 
the Tana Fjord, 2“ off the Fisher Peninsula (Ryhatsebi Ostrow), 
t® off Kola, and o® along a line running south to north from the 
70th to the 751)1 parallels of latitude, and east to west along the 
ia^t-namei paiallel. Similar curves show the other isotherms 
for to 4®. In the above-named bay, bordered by the zoo- 
fathom line, arc found temperatures of from i'’ to 3® above zero. 
At the ftea- bottom, irrespective of its depth, the temperature 
is distributed in the following degrees. C)ff and near the coast 
of Finmarken it is upwards of 4® from Vardo to off Hammerfest, 
and 5“ further west. From here the temt>crature decreases 
towards the east and towards the north. The current runs in 
the Barents Ses as a rule along the coast of F'inmarken and the 
Murman coast eastwards, in tne eastern part of the sea north- 
wards, and in the northern part, between Novaya Zemlya and 
Spitsbergen, westward. Along the east coavt of Spitsbergen 
the current sets southwards. The warm Atlantic current, a 
branch of the Gulf Stream (this name being taken in its widest 
sense) runs along the coast of h'^inmarken, curves on leaving 
the Murman coast towards the north, and turns then to the west 
toiA ards Bear Island. It fills the sea down to the bottom with 
its temperate water. This is wavmtat in the southern branch 
running castwarrls ; and tl becomes by and by, further on, cooled 
down by the neighbouring ice-cold water with which it mixes, 
and which from the northern regions is driven southwards and 
westwards. The surface of the sea between Spitzbergeh and 
Novaya Zemlya is always covered with drifting ice, The larger 
animals in the sea being the objects of capture, live on smauer 
animals. The development and presence of these small organ- 
isms is greatly dependent on the temperature of the v ater. But 
their presence in a certain place, and to a certain time, depends 
upon the oceanic currents, these being os a rule so strong, and 
the locomotive powen of the ^maJl anImaJa so small, that these 
must follow the movements of the currents. The animals living 
at or on the bottom get their food brought to them by means of 
the currents. 

Dr. Julius Rt')LL, of Dirmstodt, in the course of a tnis^n 
of b.>taQical eKplorXtion in the rionh-west of America, Mode an 
ascent in Jane of a summit in the Cai>cade Mountains, 
hitherto unnamed on our maps^ The peak in question is aituated 
under long. lai® 15' W., and lat, 47* ai' N., betvreeti two (Whall 
lakes, and about zo miles north of Easton on the Northern 
Pacific Railroad. The following is taken from a short account 
of bis excursion contributed by Dt Hdli to the current number 
of PeittmannU Mitttilmgtn, On June 19, in company le'hU 
Herr Purpus, be made his way through the prlmeeval and 
o ver thing i^und to the foot of the mountain, pitchiUjj; hla teni 
at an akttAe of 5500 foot, The next morning the adhiAl 
summit wsa ascend^. It is composed of tnela^yr, and many 
pieces of agite and rook crystal were found. The steep mpas 
are overgrown with ceanmhus buehes, maples, and jaliies, 
between which bloom yellowish-red UBes \l 4 Hnm 
phieum)f Bzid speefos of datk^red pentstemons. l^ree sncseml^^ 
summits v^ere eumbed. The highest was oatitnafo^ at 7590 font ; 
tittfonuiiately the eaaet althtide could not be asecrtainedi as the 
traveler's bardmeter bad become useless. Tfm zocky crest of 
the mountfidn a covered with the SeiagimU^ 
mons, phlox^ pedMa^h, eeveml saxifrages, and some low 
ambeBiferoos |»anis» &C. of heaiSf iimii 

tain sheep wAm observed.. following day ahiotbei ebbent 
was nmd^ and a ihjji^eent view of tlm spbw^yeit 4 11 ^ 
i Tacoma obtained. wedits lafoT> bodhtg ihsN: 
had ascended was nnii^ted, Bir. RbU dO^nated It 
Rigl/* from the to the Swiss ihodtdidjs 

name. 
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, Tkic question of the Influence of wind and «in in valley 
formation U discussed by Herr Kuckta^chel in a short meotoir 
cbntributed to the curt^nt number of Pettf mmn^s MUteilungen^ 
nbitiracted in the Proceedings of the Royal Geographical Society. 
i*Fbe author, who has been pursuing hU ftndie i in Saxony and 
diaawbere, ascribes the ** one^sidedaess ** which is observaole in 
op many of the river valleys of Saxony to the action of rainy 
Winde, m the absence of considerations arising from the con- 
fligaration or composition of the soil. It has been observed that, 
In the case of most streams in thh region (lowing through soft 
sandstone, oonglonnerate, and diluvial soils, the east, nortn-east, 
or soqth'east bank presents a steep slope, while the opposite 
ahore is dat* The cause is, according to Herr Rucktaschel, to 
be found in the action of the prevailing south-wei^t, west, and 
horth*west winds, which, heavily changed with rain, precrpitare 
themselves almost at right angles the eastern sloping bank 
of a stream, washing away wie soil in much greater quantity 
than from the western bank, and thus pnxiucing the one- 
SfdednesK referred to. Similar phenomena nave been observed 
in some of the river valleys of Prussia and Bavaria. The author 
lays down the following conditions as necessary for the pro- 
duction of these eftects by the westerly rain winds : (1) the 
ootl must be composetl of some loose or soft substance, (2) the 
vallcy^must be eroded to a certain depth, (3) the volume of 
water in the stream must not be loo great in proportion to that 
washed down the banks. Per these reasons the phenomena can 
occur, as a rule, only along the smaller rivers, a large river : by 
the force of its own current, shapes its banks, and the inftuence 
of the prevailing rain winds is not so noticeable. Herr Ruck- 
taschel visited England last summer to carry out researches there, 
but was unalde to find any rivei*' valleys suited for his purpose. 

It is reported from Hong Kong that the expedition of Mr. 
Rosset in the as yet unexplored districts of Annam, Cochin 
Ch'na, Cambodia, Siam, and the Laos States has been concluded. 
Much danger and many difficulties were encountered, but the 
rMult has been excellent, and Mr, Rosset will take back with 
him to Europe a valuable collection illustrative of the ethnology 
of the regions he has traversed. The journey was divided into 
three sections. I'he first comprised the Mekong River, the Chane 
and Bang-Came Rivers, to Stung-lreng, in Siam, 104” to lo5“ 
and 13" to 14" lat. In this section the tribes of the Brouns 
or Bruns, the Koi^s^and the Uennongs were visited and studied. 
The second section of the journey as projected was from the 
mouth of the River Dongnai in Cochin China up to the frontier, 
covering the country between 104" and 106* long., and 11“ and 
13 ** lat,, the special object of study being the ethnology of 
the Mots trilies. It was found, however, that the route was 
impracticable, the heavy rains and thickness of the jtingle pre- 
venting the progress of the caravan, and the expedition was 
obliged to make a detour into the mountains of Binthuan. The 
third section of the journey again followed the Mekong River to 
Kratse, from thence branching east and north -east to the coast 
of Annam. Approaching Bung U the expedition followed a 
north-easterly direction t> 13“ lat. About 25 kilometres south- 
east of Kratsc the River Bree Sd was passed, and the same river 
WM crossed three times in the journey north-east to the coast * 
aUm a tributary river called the Sala. In this section the tribes 
of the Beonongs, Slieogs, Nhongs, and Ahongs were studied. 


THE TEACHING OF SCIENCE.^ 

TV a Report presented to the Bath meeting the Committee 
* l^ave.ap acootmt of the replies they bad received to a letter 
imdreesed to the head masters of schools in widch elementary 
O^miHtry U taught. In this letter the Committee had asked for 
on th^ chemical teaching, and also for a statement as to 
the methods which had been found to render the teaching moat 
effsetlye as mental training. Jn commencing on these replies 
the pointed oot that the evidence whitdi had been 

Otiiltocted wan coSttclusive in showing that nwich of the teaching 
of <o<^eiHaty chetnistry is (kr fioom satisfactory, ^^d needs to be 
fla(im4eV;tdb4y uplifiod If it is to efTect that valuable i»e;ital 
whit^ sdenoe teaching can idTord. 

Mytep^ Proi ftWWula. Mmir, Sk 

Bv^W* J. ItmWlI (Chatmaa). Mr. W. A. $hen*t9ne. fivf, 

I Mt* SMIsrdi aspdiatcd dU ps^m at inquiring mto aw) 

S '<hs preiaAb mWMdi of Seackiog CfiiMiUtry. 


The Committee are convinced that the high educational val 10 
of instruction in physical science has never been exhibited to its full 
advantage in most of our educational inni tut ions. NeverlheUsa 
there exists already a considerable body of experience which 
proves that there is no more effective and attractive method 
of training the logical faculties than that which is afforded by a 
properly amujged course of instruction in physical science j by 
no other means are the powei's of accurately ascertaining facts, 
and of drawfitg correct inferences from them, so surely developed 
as they are by the study of this subject. 

Kince the last meeting the Committee have been actively 
engaged in discussing the lines which a course of ejemenlary 
instruction in chemistry should follow. The C'oniiniw^ were 
the more inclined to offer suggestion! of their own, Iwice tliey 
had learnt from the replies made to their letter of last year, by 
teachers in many of our well-known schoiiU, that not only is the 
necessity for the adoption of improved methods fully recognized, 
but that teachers are anxious to receive advice and assistance 
in introducing them. 

It cannot be too strongly insisted that elementary physical 
science should be taught from the first as a branch of mental 
education, and not mainly as useful knowledge. It is a subject, 
which when taught with this object in view, is capable of 
developing mental qualities that are not aroused, and indeed are 
frequently doaden^, by the exclusive study of languages, 
history, and mathematics. In order that the study of physical 
science may effect this mental education, it U necessarjf that it 
should be emploj'ed to illustrate the scientific method of investi- 
cfating Nature, by means of obaervntiun, experiment, and reason- 
ing with tlw aid of hypothesis ; the learners should be put in 
the attitude of discoverers, and should themselves be made to 
j*ei*form many of the experiments. The lessons ought to have 
reference to subjects which can be readily understood by children, 
and illustrations should l>e selected from olijecls and operations 
that arc familiar to them in every-day life. Chemistry is particu- 
larly well adapted for affording this kind of instruction, and the 
Committee are of opinion that a course which is mainly chemical 
will be most useful in developing logical habits of thought. 

Chemical inquiry involves, however, the use of various physical 
processes, and these are themselves of great value from the 
point of view from which the instruction is being given. It i» 
also of great importance that the learners should l>ecome ac- 
quainted with the characteristic instrument of physical science, 
viz. measurement, and therefore quantilaiive proces.se$ should 
be largely made use of. 

Having agreed as to the general principles on which a scheme 
of elementary instruction in chemistry should depend, the Com- 
mittee gladly accepted the offer of Prof. Armstrong t i dmw up 
an account of lucn a scheme in sufficient detail to serve as a 
guide to tbo-se who have to provide such teaching. Without 
pledging tbcnosclves to accept all its details the Committee 
consider that the scheme which Prof. Armstrong has pre- 
pared is in general accordance with their views as to what 
should constitute a course of elementary insl ruction in physical 
science. 

With regard to the manner in which the scheme should be 
carried out, the Committee wish to lay stress on the following 
points. In order that the plan shall produce its full educational 
effect, the instruction should be commenced at an early age, and 
be extended to every child in the school. They do not <le?iire to 
bring forward physical science as a substitute for any of the 
other priiicipal subjects of study, but they ask that like th^e 
subiects it should be looked upon everywhere as a necessary 
part of education, and that it should receive a due share of the 
time devoted to school work. It is well krtown that at present 
science teaching does not generally receive as much time and 
attention as Is given to pthor studies. This was made clear in 
the Report of Uie Committee laat year. It will be necessary to 
allot more time to the subject, and to employ a greater numtw 
of teachers. A teacher should not be required to give practical 
instruction to more than from fifteen to twenty pupils at one 
time, although the clasaes at lectures and demotrttrations might 
be somewhat larger. 

While the stdieme now proposed may involve the employment 
of a laigar iKtttnber of teachers of naiurai science, on the other 
hand ^uings aod apparatus of the simplest descriptiem are ‘ alt 
that will be absolutely needed, and the cost of maintenance will 
be relatively small. 

The Committee ore aware that the course of instruction now 
suggested is not In confomRy with the present requhements of 
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aiE»wiftu»g bodies* Its general adopdon must tbetefore depend 
Ob their ca*operat;on* 

j/im4 C 0 ursf of EUmentary Instruction in PhyskeU 

Scitncc^ drawn up by Prof Armstrongs 

A^ltbough the Committee is ostensibly charged to report as to 
methods of teaching chemisity^ chemistry pure and simple is 
not what is requir^ in schools generally, and therefore the 
Committee must be prepared to take into consideration and 
make recommendations as to a course of instruction preliminary 
to the natural science course prwcr, which in their opinion 
alfords the most suitable and efficient preparation for later 
natural science studies. 

After the most careful consideration of the question during at 
least ten years past, and after long holding the opinion that 
chemist^ as usually understood is not the most suitable science 
subject for school purposes, I am now of opinion that a course 
which is mainly chemical is not only the best but also the only 
one ppesible if we are to secure all the o^ects aimed at in 
introducing science teaching into schools. Those objects are 
essentially : to train boys and girls to use their biain^t ; to train 
their intelHgcnce ; to make them observing and reasoning beings, 
accurate observers, and accurate thinkers \ to teach them to 
experiment, and that, too, always with an object — more fre- 
quently than not with what may l)e termed a logical object — not 
for mere descriptive purposes ; to gradually inculcate the power 
of *Moing," on which Charles Kingsley has laid so much 
stress, and which undoubtedly is the main factor of success in 
life. It can scarcely be gainsaid that through chemistry more 
than through any other branch of natural science it is possible 
to give precisetv that kind of ^'practical*’ training so requisite 
at the present day, because the student is able to ascertain by 
experiment what are the exact facts, and thus to arrive in- 
dependently at an expidnation, whereas in the case of other 
sciences more often than not the explanation of necessity has to 
be given by the teacher. 

Chemistry as usually taught loses greatly in e<lucational value 
because'pupils are told, more often than not, that **$o and so is 
the case,” instead of l^ing taught bow it has been found out 
chat such is the eSm ; indeed, that which has to be proved is 
usually taken for granted. Practical chemistry has hitherto, as 
fi rule, been interpreted to mean the preparation of a few gases, 
&C., and the analysis of simple salts. Much useful information 
may be and is occasionally imparled during the performance of 
exercises of this kind, bat the tendency undoubtedly is for 
analysis to degenerate into a mechanical drill, and, looking at 
the question from the practical point of view, and considering 
what is the general outcome of such teaching, probably we are 
bound to agree that the results thus far obtained are usually uu- 
satisfaciovy. The difficulty, however, is to devise a course 
suflidentlv simple both in conception and when carried into 
practice ttie cost of which is not too great ; but with respect to 
this item of cost the Committee has to make clear to parents 
and teachers the claim of natural science to a fair and propor- 
tionate share of the total expenditure, which certainly has never 
yet been granted to it. By the introduction of such studies into 
the school course, a set of faculties are trained which it is all- 
important to develop, but which hitherto have been allowed to 
remain dormant, if not to atrophy, through neglect, and which, 
it is admitted by all competent authorities, cannot possibly be 
developed by an^ amount of attention paid to Ilteraiyr and 
raathematical studies. It is often not sufficiently clearly stated 
or understood that the advocates of natural science studies have 
no desire to displace any of the traditional subjects from the 
school course, and that all that they ask for is a fair share of the 
child's time, attention, and brains— a share proportionate to the 
effect which such studies can demonstrably produce in developing 
the mental faculties of the individual : that, in fact, natural 
science daims to co-operate and in no sense puts in an 
appearance as a rival* 

Stags I. — Lessons on emnson and familiar objects. 

The first stage of iostmetion must be one of simple object- 
lessons, but these should have an intimate relation to the child's 
surroundings and should be m^e the pegs on which to hat% 
many a tale. Probably the most satisfactory and practictl mode 
of commendng is to get children to draw up lists of fiimtllar and 
common objects under various heads, such as 

Natural objects. 

Things used in building construction* 



The difldren should be induced to describe these from aboer- 
vation as far as posellde $ to classify them according to tMr 
origin into mineral and animal and vegetable or oiganic ; and 
occasion should be taken at this stage to give by meai^ of 
readme lessons and demonstrations as much ioforrnation as 
possible about the different things, their origin, how made, and 
their uses. It is obvious that in this way a great deal of 
geography and natural bistc^ {Naturkunde) might be taimht in 
an attractive manner. Geikie’s ** Science Primer on Pnystooil 
Geography *’ is the type of book which may be worked through 
with great advaniage at this stage. 

Stage II , — Lessons in measurement. 

This stage should be entered upon as soon as children have 
learnt the simple rules of arithmetic, and ore able to add, sub- 
tract, multiply, and divide, and to use dedmals. 

Lineal measurements may be first made, using both an 
English foot-rule with the inch subdivided in various ways and 
a metric rule subdivided into millimetres. In this way the 
relation of the two scales is soon insensibly learnt. 

Measurements of rectangular figures and the calculation of 
their areas may then be made. 

After this the use of the t>aUnce may be taught, and the rela- 
tion between the English and French systems may be leamt by 
weighing the same objects with the two kinds of weights. Use 
may then be made of the balance in determining the areas 
of irregular figures by catting out rectangular and irregular 
figures from the same cardboard or thin sheet metal, and 
weighing these, &c. 

Solid figures are next studied ; a number of cubes made from 
the same wood having been measured, their volumes are then 
calculated, and the results thus obtained are compared with 
those which are obtained on weighing the cubes. I'he dimen- 
sions and weights of cQl>e$ made from different woods or other 
materials are then ascertained, and thus it is observed that 
different materials differ in density. The study of the relative 
density of things generally is then entered upon. The ordinary 
method is easily learnt and used by children, a suitable bottle 
being provided by filing a nick down the stopper of a common 
two* ounce narrow-mouth bottle ; it may then be shown that the 
same results are obtained by the h^rostatic method of weigh- 
ing in air and water, and it is not difficult to lead children to 
understand this latter method after they have determined the 
heights of balancing columns of liquids, such as turpentine, 
water and saturated brine, of which they have previously 
ascertained the relative density. These hydrostatic ex(>erimcDts 
are of value at a later stage in considering the effects of atmo' 
spheric pressure. 

By determining the dimensions of a cube and the weight of 
(he water which it will displace, an opportunity is afforded to 
point out that if the results are expressed in cubic centimetres 
and grammes respectively there is a practical agreement between 
the numbers, and hence, to explain the ori^n of the metric 
system of weights and the relationship between its measures and 
weights ; the irrationality of the Ehglish system may Ibeaa be 
explained. 

The relative densities of a large number of common substances 
having being ascertained, the results may be tabulated and then 
the value of the data as criteria may be insisted on; aa an 
illustration of their value, quartz, flint, sand, and gravel pebbles 
may be selected. The children havii^ dertermined their relative 
densities, the agreement between the results may be pointed out 
and the identity of the material explained* By drawing 
l^endiculars cOirespondhig in height to the densities of 
substances; a graphic representation h obtained which 
bring out (he value of the graphic method of represontatioit 

A very valuable exercise to introduce at thU stage, {« basted on 
the well-known fact that in oeriam cofiditiem* of the atldoifPbtfre 
things appear moist ; a mutlm bag full of seaweed may be%uhg 
up under cover but freely exposed, ahd may then l;^e 
daily at a given time ; sitnuUaneously the state df the wdwher, 
direction of the wind, the height pf the barometer^ and thp 9^et 
and dry bulb theimosneter be noted ; bn tabuladuf 
results, and: especially if the gn^ilo mofhod. be «mj|doyW ^ 
variations and their relatiicmahip wUi bi noticeable.^ ; ;; 1 

The thermometer, having thus become % fhmitiar 
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be lued to exemtoe mctting ice aiul boiling water ; the con* 
etmction of both the Centigrade and Fahrenheit thermometer 
foay then be explained, and the effect of heat on bodies made 
•deat. The density of ice and of water at various temperatures 
then be determined, a Sptet^el tube — which is easily made 
*^eii^ used for warm water ; tne bursting of pipes in winter, 
the formation of ice on the surface of water, &c., may then be 
explained. Afterwards simple determinations of the heat capacity 
of a ikietals, &c., and of the latent heat of water and steam, 
tnay be made in accordance with the directions given in a book 
such as Worthington's Practical Physics/’ 

StaO^ of the effect of heat on things gtnerally ; 

of their behaviour when burnt. 

As it is a matter of common observation that heat alters most 
things, the effects of heat on things generally should be studied ; 
in the first instance cjualitatively, but subsequently, and as early 
ns possible, quantitatively. Bits of the common metals may be 
heated in the 1k>w1 of an ordinary day pii>e plunged into a clear 
place in any ordinary fire, or in such a pi|>e or a small iron spoon 
over a gas Ha me. '’1 he difference in fusibility is at once apparent, 
and in the case of metals like iron and copper it is noticeable 
that although fusion does not take place, a superficial change is 
produced ; the gradual formation of a skin on the surface of 
fused lead and tin is also easily perceived. Observations like 
this become of great importance at a later stage, and indeed 
serve to suggest further experiments : this is a point of special 
importance, and from the beginning of (his stage great attention 
ahould be paid to inculcating habits of correct observation ; the 
effect should first be recorded by the pupil, the notes should theo 
be discussed and their incompleteness pointed out, and they 
should afterwards be re-written. 'I’hc fusibility of substances 
which are not affected when heated in the tobacco pipe may be 
tested by healing them with a Fletcher gas blow-pipe on charcoal; 
and by neating little bits of wire or foil in such a flame it is easy 
for children to discover the changes which metals undergo when 
burnt, especially in cases such as that of zinc or copper or iron. 
The further study of the effects of heat should be quantitative, 
and may well commence with water. It being observed that 
water disappears on heating, water rnay be put into a clock gliiss 
or glass dish placed on a water bath (small saucepan) ; it evapo- 
rates, and it is then observed that something is left. A known 
quantity of water by weight or volume is therefore evaporated 
and the residue weighed. This leads to the discovery that water 
contains something in solution. The question then naturally 
arises, What about the water that escapes ? so the steam is con- 
densed and the distilled water evaporated. The conception of 
pure water is thus acquired. An experiment or two on dissolution 
— using salt and sugar— may then be introduced, a water oven or 
even an air oven (a small Fletcher oven) kept at a known tem- 
perature being used, and the residue dried until the weight is 
constant. Uam and Bca-water may next be examined ; the 
muUs afford an opportunity of explaining the origin of rain ami 
of accounting for the presence of such a large quantity of dis* 
«olv«d matter in sea-water. Then tlie various common food 
materiafa may be systematically studied, commencing wilh milk ; 
they should first be dried in the oven, then carbonized and the 
Amount of char determined, then burnt and the percentage of 
ashes determined. A small platinum dish, 15 to 20 grammes in 
Weight, U required for these experiments, and a gas mullle 
furnace is of the greatest use in burning the char and in oxidizing 
metals. In addition to the discipline afforded by such cxiierb 
ments a large amount of valuable ihfonnation is acquired, and 
the aibbnportani fact » established that food materials generally 
ans combustible substances. Afterwards mineral substances arc 
^amlned in a similar manner, such as sand, clay, chalk, sulphur, 
4c. I ahd then metals such as lead, cop{)er, tin, and iron may be 
athdied ; their inorensa in weight is in striking contrast to the 
iihdterabUity of substances like sand and ualt, and the destruction 
of v^eUble and animal substances* Chalk, from which lime is 
m^e by burning, U found to occuuy. a middle positioo, losing 
iomimrnat m when strongly heated. The exception^ 

of coal among mineral substances, and of salt am6ng 
, l(ma miteriidi, U shbwn to be capable of explanation, inasmuch 
in reality a vegetable and salt a mineral substance ; bat 
inwbur .r^mhins an instane of exeeptif'mal behaviour requiring 
. (maMtldh, It is naif exceptional in being Combustible, as 
and sine are combustible, but in affording 
hlimuot* the smell of buruing sulphur, however, 

: to suggest that perhapSi after aft, qm is a something 


. . . .. . 11.1 ■ ■ ' — . . ■ ■ - , 

formed which is an invisible substance possessed of an odour, 
and then follows quite naturally the suggestion that perhaps in 
other cases where no visible or perceptime product U obtain ed-r 
as on burning charcoal, for instance— there may nevertheless be 
a product. Whereas, therefore, in Stage I. the pupil will have 
learnt to appreciate the existence of a great variety of substances, 
and will have gained the power of describing their outward 
appearance more or leiw fully ; and in Stage It. having learnt 
how to measure and weigh, will acquire the habit of determining 
by measurement certain properties of substances, and will thus 
be in a position to express in exact terms the kind of differences 
o>>served ; in Stage III. the pupil will be led to see that profound 
changes take place on burning substances, and that thet;e changes 
involve something more than the destruction of the things burnt. 
The foundation is thus kid for the study of change, Le. chemical 
studies proper. 

Stage IV. — The prot^iem stage. 

Many of the changes observed in the course of the experi- 
ments made in Stage III. might be examined and their nature 
detennined, but the i)est to take first is a very familiar case, that 
of the rusting of iron. 

PROBLKM 1. To determine what happens when iron rusts , — 
The pupil must be led in the first instance to realize that a 
problem is to be solved, and that the detective's method must be 
adopted and a clue sought for. It is a familiar observation that 
iron rusts, especially when wet ; what happens to the iron, why 
docs it rust, is the iron alone concerned in the change ? No 
information can be gained by looking at it — perhaps the balance 
which has brought to light so much in Stage III. may be of 
service, so the iron is allowed to rust in such a manner that any 
change in weight can be observed. A few grammes of iron filings 
or borings are put on to a weighed saucer or clock glass along 
w’ith a bit of stiff brass or copper wire to be use'd as a stirrer ; 
the iron is weighed, then moistened and exposed under a paper 
cover to keep off dust, preferably in a warm place ; it is kept 
moist and occasionally stitTed. After a few days it is dried in 
the oven and then weighed. The weight is greater. Something 
from somnohere has been added to the iron. Thus the clue is 
gained. Where did this something come from ? The fact that 
when a tumbler, for instance, is plunged mouth downwards into 
water the water does not enter, and mat on gradually tilting the 
tumbler to one side something escapes— viz. air— at once affords 
a demonstration of the presence of air in the space around us. 
The iron rusted in this air, but was kept moist, so it may have 
taken up the something from either the air or the water. ^ To 
ascertain whether the air takes part in the rusting, some iron 
borings are tied up in a bit of muslin and the bag is hung from 
a wire stand placed in a (jam) pot full of water and a so-called 
empty (pickle) bottle, which in reality is full of air, is inverted 
over the iron ; in the course of a few hours, as the iron rusts, 
the water is observed to rise until it occupies about one-fifth of 
the jar (determined by measuring or weighing the water) ; the 
something added to the iron during rusting appears therefore 
to come from the air, and the all-imporlant fact is thus dis- 
covered that the rusting is a change in which not the iron alone, 
but also the air, is concerned. The experiment is several times 
reiHjatcd, fresh iron being used with the same air and the same 
iron put in succession into fresh portions of air, but the same 
result is always obtained ; witence it follows that whatever it is 
in the air which takes part in the nisting, the air as a whole is 
not active. The changes previously observed to take place 
when iron, copper lead, zinc, &c., were healed in air, arc tflen 
recalled; as tne metals were found to increase in weight, it 
would appear probable that in these coses of change also the air 
was concerned. . . o 

These results at once suggest the question, What is air ? bo 
much having been learnt by studying the change which iron 
undergoes in rusting, other changes which happen in air there- 
fore are next studied, , 

ProblkH II. To detef^uine the nature of the ehan^s whteh 
take place on burntftg substances in air. — The use of phosphorus 
is introduced by reference to a match. Phosphorus is then 
burnt under a bell jar over water and the result noted ; the 
disappearance of some of the air again shows that the air is 
concerned. The fact that phosphorus smokes when taken out 
of the water in which it is always kept suggests that smne 
change is going on, so a stick of phosphorus is ezi^ised in air as 
ip the previous experiment with iron : soon one fifth has dis- 
appeaixsd, and the phosphorus then ceases to smoke. The 
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simtUn'^ of t^e itro rmtlt^ Mggfifts tfuU jtwt snd 
pfocM^thon^ beliKveafi^f Air, aitd ifk^^versd^ and adrws 

io «pfH^ the idea tibat some conaiituent of the ztr present only 
io thtf eatent^f j^baot ooe-^/rh k acrive. Bnt Qothiofi: Is to he 
lahan for mated, so is exposed in the phosphorns-alr 
residue aod phos^oitui in the iron-atr residuiQ : as no change < 
occurs, there is no loom ieft for doubt Recalling the experi' 
meats in which varioiu meUls were burnt in air, in order to 
determine whether in these cases the same constituent of the air 
was conenroed in the chan^ air from which the active con* 
stituent has bern removed by means of phosphorus is passed 
through a heated tube containing hits of the metals : no change 
is obsinwed, so it is evident that as a rule, if not always, one 
and the same constituent of air is concerned. The experiments 
with iron , and phosphorus, although they show th'it the air is 
concerned' in the changes which are observed to take place, do 
not afford any information whether or no the water which is also 
present is concerned in the change. Phosphorus is therefore 
burnt in n ** Florence” fla‘'k closed with a rubber stopper: on 
removing the stopper under water some water enters, and bv 
measuring this and the amount of water which will 511 the 5ask 
the same result is obtained as in the previous cases. To be 
certain whether in this case anvthing enters or escapes from the 
flask it is weighed before and after the phosphonis is burnt. 
There is no change in weight. Bui docs nothing escape ? Yes, 
much heat; whence it follows that heat is not material— that, 
although some of the air disappears, it is merely because it has 
become aflSxed to or absorbed by something else. This has 
been Droved in the case of the rusting iron and the burnt metals. 
To obtain indisputable evidence in the case of the phosphorus 
this ia burnt in a current of air^in a tube loosely hiled with 
asbestos to retain the smoke : the weight is found to increase. 
The observation that the phosphorus ceases to burn after a time 
suggests the introduction of a burning taper into the residue left 
by iron, &c. ; it is found to be extinguished. I'hen a candle 
rnd subsequently n gas flame may be burnt in a bell jar full of 
Air over water. Reversed combustion may then be dcmonstralal 
in order ia fully illustrate the reciprocal character of the pheno- 
mena, Thus it is ascertained that all ordinary cases of com- 
buation are changes in a^hioh the air, and not the air as a whole 
but a particular constituent, Is concerned, and no doubt remains 
that the same constituent 1$ always active, hut active under 
different conditions; it is realised aU-) that the production of 
heat i* the consequence of the union of the substance burnt with 
the active substance in air. The experiment of exposing phos- 
phorus in air affords the opportunity of demonstrating the 
evolution of heat even in a case where no visible combustion 
occurs, as the phosphorus is alwayi observed to melt. At this 
st^ careful note should be taken of the appearance of the 
different products of combustion, and of a change such as that 
which occurs when the product from phosphorus is exposed to 
the air. 

Fhobikh 111 . To s(^>'aU ikt activt from the itnuiive eon- 
sHtuent of tfi?*.— It now has become of importance to get this 
active constituent of the air by itself, and the question arises 
whether it cannot be si^aratfd from one of the metals or other 
sabetances with which it has been found to combine. The pupil 
is therefore told to collect information about the different 
aubstanci^ fofnacd by burning metals, &c. .--whether they can be 
obtained in sufficient quantity to work with, &c. Iron rust and 
iron scale are easily obtainable, and so is copper scale ; rinr is 
burnt to produce tine y^hite, which is used as paint ; lead is also 
buAOt on a large scale, and In this case it appears that one or 
other of two substances is forin^— litharge at a high temperature* 
red lead at a lower temperature, This pecuKarity of lead 
suggests the study of the two products in the hope of discovering 
the clue to a method. Weighed quantities of the litharge and 
red lead are heated ; it Is observed that only the Utter changes 
in appearance and that ft loses weight- But what does U loie ? 
It was formed by merely iroasttng lead tn the air, and the some- 
thing which it loses must therefore have been derived from the 
air. If the ted lead is heated In a tube a gas is given off which 
is oollecttd and tested — bow ?* With a tsper or glowing splinter 
as it is to be supposed tb^ the gaawUl sirpport combustion if, as 
i« to be expected, it is the active constituent of air* The 
diupttfyt of the active constituent of aU is thus made I If air 
consist of this gas and that which remains after exp'^sing 
phw^fdxmus or trim in air, then by adtling to such residual air as 
much of the gas frpm red lead as was withdrawn, air should be 
ih obtained } this is fbund to be ^eease^ the names of the iwo 


I gases a*e now fa/' the firu iimt staled, and an eafy method oF 
f preparing oxygen h dcrooo 4 >ated, inch is (hat of heating 
chlorate^ hut without any expianation. The conchition pre- 
Tionsly arrived at, that probably in all Ihe cases preriowly 
studied of changes occurring in air, the oxygen is the active 
substance, may now be verified hy burning of heating In oi^ygen 
the substances which had been burnt in air. 

Bo much having been learnt of the chemistry of air, the study 
of the ;>ressure exerci^ by air may next l>e taken up, and the 
common pump, the force pump, the barometer, and air current n. 
may be discuaaed and explain^, blowadays the charts given 
in the daily papers, and the Ben Nevis and glycerine barometev 
readings quoted in the 7»>w make it particumly easy to explain 
the barometer. The pupils should w led to make barometer 
curves. 

Problem IV. To deUnnine the «mfo%Uion of ehodk . — ^The 
discovery of the compotition of the air m the course of experi- 
ments made with the object of determining the nature of certain 
changes naturally suggests that the attempt be made to ascertain 
the composition of other things by studying the change -5 which 
they undergo. Chalk is known to give lime when burnt, and 
experiments made in Stage III, have Indicated that chalk loses 
something when burnt — the idea that an invisible something h 
given off is especially probable after the experiments with red 
tead have been made ; so it is decided to ])eat chalk strongly, 
but before doing this chalk and lime art examined comparatively. 
Chalk is not observed to be altered by water ; on shaking it up 
with distilled water and evnp >raling some of the Altered liquid 
in a weighed dish, very little residue is obtained— so it i*4 
established that it is but very slightly soluble in water Lime is 
slaked, weighed quantities of lime and water l^eing used ; the 
retention of 1 consideraide amount of wate’, even after exposing 
the slaked lime in a drying oven, shows that the slaking involves 
a deflnite change in com t^osiiion— that slaked lime is lime oml 
water. The solubility of the Ume is next determined, and found 
to be considerably greater than that of the chalk. It U found 
that chalk is but very slightly altered in weight when heated 
over a gas ffame, and that it is only when it Is strongly heated 
that it is converted into lime : so the chalk is strongly heated in 
an iron tube in a Fletcher blow-pipe furnace, when gas is freely 
given off. This is tested with a ta|?er, which it extinguishes, so 
it cannot be oxygen, but may be nitrogen ; if it be nitrogen, when 
mixed with oxygen In the proportion of i to 4, it should 
give air, but this is found not to he the case ; so evidently it is a 
peculiar gas, and may be called chalk gas. If chalk consist of 
this gas and lime it should be posalble to reproduce chalk from 
them ; so the gas is passed through a small weighed tube 
containing Ume, and the tube U found to get heavier. But Ume 
and chalk are so much alike that it is difficult to say that chalk 
is formed ; perhatM dissolved Ume wiU act stmilarly ; the gas is 
therefore passed into or shaken up with lime water. The 
precipitate which forms looks like chalk and probably is, but 
this remains to be decided. The discovery of this behavloar of 
chalk gas, however. Is important as affording a means of agdiin 
comparing the gas fr^m cbalk with nitrogen. In working with 
lime water it is scarcely possible to avoid noticing that a film 
forms on its surface j by exposing a quantity of the Ume water a 
considerable amount of the precipitate is obt^ned ; Its resemblance 
to chalk is noted, and the possible presence of chalk gas in air 
is thus SQjpested ; but in view of the Absence of proof of the 
identity of the precipitates with chalk a decision is reserved. 
The discovery is made, however, that air contains something, 
besides oxygen and nitrogen. 

It being thus e«tab)i-lH»l that chalk consists of two things, 
lime and chalk gas, at this stage it is pointed out how firmly 
these two constituents hold to each other in the chs^kii The 
absorption of the gait by the Ihne-^iu entire disappearance in 
fact'— is commented on. Accurate detertnhmtiotis of tbeJo|i of • 
weight on heating crystallUed chalk (calc-spar) should at this 
stage he $^ed out before the cUas, if not by the pupflo* that; 
the numberit may be nutted Ohd that it iw become IrapmsM, 0»- 
them that the propoitwnf Ip nvhich the time and chMk ate 
present Is constant Their attention m«y be recalled to m*' 
Oxides Seriously sfodiedi it htim pointed odt that 00 htapeclioh 
these afford no Indication that tboy aontOiih oaym ; tw 
again the gas entirely loses Its IndiridealRy mC 
union or combining. Thatoxbi^ boitumn oieir 
fixed proportions be 
oxidising nnely^vhiea copper irnd dhtermiaiiigithe 
weight, Ume being uM drytog/ogant^ In ^ 
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of c0mpoHmit art elucidated. Then the com- 
IMmtooa Wi0f be mde whh air and the fact made clear that it 
wbavfe Iks a mere miKture. Still no reference should be made 
toeWmeats* 

.PaOVUtM Y, TV daiertnint tukai happens when organic 
fUhstmm are W/rr.-^The experiments thus for mode have 
fthoa'n that j^osphonts and a number of metah twirn In the air 
beosUlst they combine u ith the oxygen « forming oxidesi heat 
beihg giwh out as a eonsOifnenee ; but that chalk when burnt Is 
apUt up or doeompofttd into Ume atid chalk gasi tfaU result being 
a consequence of the heating alone^ the air having nothing to do 
with it. It remains to ascertain what happens when organic 
SubsiUoces are bumti as these give no visible product beyond 
a little ashes. As in all cases when vegetable or animal sub- 
stances are burnt a certain amount of *^cnar’^ is obtained, which 
then gnsdtirany bums away, charcoal or coke is drst studied. It 
having been discovered that the oxygen in air is the active cause 
of burning in many cases, it appears prol^able that the air is 
conmmed in the burning of charcoal, coat, &c. As when once 
Mt hte to, these continue to burn, the charcoal is at once heated 
in oxygen : it bumsi but no visibie product U formed ; it therefore 
fonpws that if the charcoal is oxidised the oxide must be an 
invisible gas. How is this to be tested for? VVhat gases are 
alreudy known to the pupil? How are these distinguished? 
■Oxygen is excluded. Is it perhaps nitrogen, and Is not perhaps 
the nitrogen in air merely used-up oxygen as it were, pro- 
duced by the burning of organic substaoce^^ ? Or is it perbaps that 
gas which was found in the air along with oxygen and nitrogen, 
and which turned lime water turbid ? This last being an easy 
lest to apply is at once tried ; the lime Water U rendered turbid, 
and so to leave no doUbl a sufficient amount of the gas is pre- 
pared and pasHCd into lime water, the precipitate is collected, 
and the loss it suffiers on heating is determined and found to agree 
wjtli that suffered by the precipitate prepared from chalk gas. 
Finally, to oacertain whether the product is really heavier than 
the charcml burnt, as in the case of the metaU previously 
studied, the charcoul is burnt in oxygen in a tube connected to 
a. flask containing milk of lime with a lime-drying tube attached 
to it ; the lube is weighed before and after burning. Thus the 
discovery is made that chalk gas is an oxide of carbon, and that 
cholic con'Jists of at least three things. 

It may be objected that to make the experiment In this manner 
fakes too much time ; but to this it may be answered that such 
'experiments are ptecisely of the kind of those made in actual 
practice, and that they exercise a most important induence in 
teaching the pupils to take noihing for granted, never to jump at 
conclusions, and to rest satisfied If they progress surely, however 
slow the advance may be, 

^ A number of otganie Substances may now be burnt, lyid the 
gas passed emo lime water ; chalk gas is found in every case to 
be n product, and hence the presence of a common constituent — 
•carbra-^in ^1 is established. In making these experiments the 
formation of a liquid product U observed, so it is evident that 
*ohaIk gas is not the only product, or carbon their only constituent. 

Food maierials generally having been found to contain 
“carbon/* as they are obviously In some way destroyed within 
the body* and it is known that air is necessary for life, the 
question arises, what becomes of food, and why is air necessary 
for life ? Is tb« feed, perhaps, in large part “ burnt up*' within 
iht body, thus accniHiting for ihe fact that our bodies are always 
Warm 7 The characteristic product of combnstion of carbon- 
^aceohs subitances is therefore tested for by breathing into lime 
"water. The discovery thus mode affords an opportunity for a 
•dlgifesiiiMi and for explaitung bow pJams derive ihelr carbon 
fowtt Uie air, 

^ Vf. jTu def ermine whai happens tithen sn/pAnr is 

ttko results of the experiments with carbon, it 
t;hat the dUappearaoce of *u}phur when burnt 
ixSfeo'AW due fo its ctmverdon into a ga^us oxide, so it U 
kfodfed sUM ilKrodiiced infonxyip^ if it be burnt over water in 
a bettojnf in a wopii passing tMugh the stopper (a rubber cork), 
dsfo feiiW 1* rise ; ff, nh the other hand, it be burnt in a 

4^ Aask by a rubber cork oartyihg a gauge-tube, sus 

NjymM the Vofome is seen to be idixmst un- 

, afoSr comb^ it folUws, therefore, that the sulphur 

and formaepfobfo prodocL Sulphur is next 

i tewiilag in thh’ way « mw elfocilyo dvmwwimtte" *• 

Khat US &» m gain of wm wr aneoUi dw aaU 
AretSo^E ^ twlphuf 

ritWnsiliatns ptnkust< gcstouaaad iavUible. 


burnt in a tube in a current of oxygen, and the gss is passed Into 
water ; a solution is thus obtained having the odour of the gas 
snd sour (acid) to the taste. The foot that carbou and sulphur 
—'both non metals— behave alike in yielding gaseous oxides 
suggests that a comparison be made of their oxides ; so the acid 
solution is added to lime water \ a precipitate Is formed, which 
redissolves on adding more of the sntpKur gas solutloti ; on the 
other hand, on adding the lime water to the acid liquid, this 
latter after a dme loses its characteristic smell. There can be no 
doubt, therefore, that the sulphur gas doe 4 in some way act upon 
the lime. The experiment is then mode of burning the sulpWr 
in a weighed tube containing lime ; the weight increases, so that 
no doubt remains that sulphur, like carbon, forms an oxide when 
burnt. The discovery that the addition of more of the sulphur 
oxide leads to the dissolution of the precipitate which it first 
forma in lime water, suggests trying the effect of excess of the 
carbon oxide on the Hme water precipitate ; this is done, and the 
discovery is roaile that the precipitate gradually dissolve 4 . The 
solubility of the new substance may then lie determined by 
passing the gas into water containing chalk in suspension, 
filtering, and evaporating. This leads to the observation that a 
precipitate is formed on heating the liquid, and this is soon found 
to be chalk. An opportunity is thus afforded of explaining the 
presence of 90 much “ chslk *' in water ; of demonstrating its 
removal by boiling and by lime water ; and the effect it ha* on 

SOflJp. 

The observation that the oxides of both carbon and sulphur 
combine with lime suggests trying whether the one will turn out 
the other ; so the solution of the sulphur oxide is poured on to 
chalk : effervescence is ol?served, and on passing the gas into lime 
water a precipitate is obtained. The production of this effect by 
the solution suggests trying common vinegar — a well-known 
acid substance. This also is found to liberate chalk gas, and the 
discovery of an easy method of preparing chalk gas is thus 
made. The oxide formed on burning ph )$phoru«, having pre- 
viouxiy bren found to give an acid solution, U tried, and it is 
found that it also liberates chalk gas. As a good deal of vinegar 
is found to give very little chalk gas, the question arises, Are 
there not acids to be bought which will have the same effect and 
are stronger and cheaper ? On inquiry it is found that sulphuric 
acid or oil of vitriol, muriatic acid or spirit* of salts, and nitric 
acid or aquafortis may be bought, and that these all act on chalk. 
The behaviour of chalk with acids affords a means of testing the 
lime water precipitate obtained in working out Problems IV. 
and V. In this manner the pupil is led to realize that certain 
agents may very readily prwluce effects which are only with diffi- 
culty produced by heating —that the chemical agent may produce 
very powerful effects. The ready expulsion of the carbon oxide 
of chalk auggcBls that other substances not yet studied, such as 
the metals, when treated with acids may behave in a special 
manner which will afford infonnation as to their nature. At 
this point, prior to making the experiments with the acidv, an 
explanation may be given of the names oil oj vitriol^ spirils oj 
scuts, and (Kfua/orlis ; the processes by which they are made 
may be described and illustrated, without, however, any attempt 
being made to explain them from the chemical point of view. 
The sulphuric acid should be made from green vitriol, and its 
behaviour on dilution should be demonstrated as well as its use 
as a drying agent. 

PROBLRW Vll. To deter mine xohU happens when metals are 
heated with acids. --Iton, zinc, lead, tin, copper, and silver may 
be taken, On pouring diluted oU of vitriol on to iron or zinc, 
the metal dissolves with efferveBoence ; the go* is collected, and 
when tested is found to burn. Thus a new gaa is discovered, 
di^rihg from all which have previously been studied, inasmuch 
ax it is combufitible ; in order not to interrupt the study of the 
action of acids on metals, however, its further examination is 
postponed for a while. Roxuming the experiments with metals, 
lead, tin, copper, and silver are found not to be acted upon by 
diluted oil oF vitriol. , 

Muriatic acid, in like manner, dinsolves iron and rinc and also 
tin with effervescence, and the gas which is given off in each cose 
exhtbita the aame behaviour as that obtained from iron or zioo 
and diluted oil of vUrioU Uad, copper, and silver are not 

found to dissolve not only iron and ainc bat also 
copper, Icid, and silver, and to oonvart tm into a white subxtanw 
—to attack all the metals In fact, thus justifying its name. ll» 
gas ^ch la given off os the metal dissolves is observei to bo 
coloured ; when it is collected over water, however, it is seen to 
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be colourleMj and to become cpioqred on coming into eoi^lact 
with air— oxygen and nitrogen are, thererore, adcM to portions 
of ilie gas over water. In this manner, not only is a new gas 
discovered, also a teat for oxygen ; and opportunity is 
afforded of here calling attention to the fact that air behaves 
exactly as oxygen, that the oxygen in air appears to be unaffected 
^ its association with nitrogen—^that, in fact, it is uncombined^ 
From these experiments it is obvious that metals and acids inter- 
act in a varied of ways. Finally, the dissolution of gold and 
platinum by aqua rena may be demonstrated. 

FrobI-EM VITI, Ta determine tt/hai happens when oxides ai'e 
treated with aeids ^ — In the cotftXe of the ^evious experiments 
a number of oxides have been prepared by burning various 
metals in air ; these are found to be unchanged by water. The 
discovery that acids act on metals suggests a trial of the effect 
which adds will have on their oxides ; so the oxides of sine, 
iron, copper, and lead are submitted to the action of the three 
acids previously used, Sulphuric acid is found to dissolve zinc 
oxide, iron rust, and copper oxide, but no gas is evolved ; excess 
of the oxide ma^ be used, and the hUered liquid concentrated ; 
the crystals which separate may be examinei;] and compared 
with those obtained by dissolving the metal in sulphuric acid, 
&c. Litharge apparently is not changed by sulphuric acid, but 
red lead is, although not dissolved. Muriatic acid being used, 
all the oxides are found to dissolve, and in the case of red 
lead a greenish -yellow gas is given off possessing a most dis- 
agreeable smell : this is noted as a case for study. The product 
from the lead oxides is observed to crystallize out from the hot 
liquid on standing, so the undissolved original product is boiled 
up with water, and the solution is Bltered, &c. Attention is thus 
directed to the difference in solubility of the products. Next, 
aquafortis is used again all are dissolved, except the red lead, 
which, however, is obviously altered, In the case of the lead 
oxides the product is again less soluble than those afforded by 
the other oxides, but more soluble than the product obtained on 
using muriatic acid. The pupil has already been led to realize 
that of two substances capable of acting on a third, such as chalk 
gas and sulphur gas, which both combine with lime, one may be 
the stronger, and may turn out the other, sulphur gas turning 
out chalk gas from chalk. A comparison of the three acids with 
the object of ascertaining which is the strongest is therefore 
su^ested ; the metal or oxide is dissolved in one of the acids, 
onothe othen are then added. No positive result is obtained in 
case of zinc, iron, or copper, but the solution of lead in nitric 
acid ia precipitated by muriatic and by sulphuric acid ; the former 
precipitate is found to dissolve in boiling water and to crystallize 
out in exactly the same way as the substance obtained from lead 
oxide and muriatic acid, The sulphuric acid product is found to 
lie almost insoluble in water, and also in muriatic and nitric 
acids ; tKpse observations make it possible, by examining the 
behaviour {owards muriatic and nitric acids of the products of the 
action of sulphuric acid on the lead oxides, to establish the fact 
that the product is the tame whether lead be dissolved in nitric 
acid and sulphuric acid be then added, or whether either of the 
oxides be treated wUh sulphuric acid. It is further evident that 
those acids which give difficultly soluble or insoluble products 
act with difficulty ifat all on the metal. Other metals besides 
those mentioned may be now studied, and, a solvent being found, 
the acids which do not dissolve the metal may be added to the 
solution. In this way, for example, the chloride test for silver 
is discovered. 

In experimenting with acids the pupils can hardly fail to stain 
thdtr clothes and tnoir fingers. The observation that acids alter 
colours serves to suggest experiments on the action of acids on 
colours, especially those of leaves and flowers. The use of 
litmus, methyl-orange, cochineal, &c., may then be explained. 
As various oxides have been found to ** neutralize ’* acids, the 
study of their effect on the colours altered by acids is suggested. 
LastVi a few experiments with vegetable and animal substances, 
sugar, &c., may be made, wbi^ demonstrate the corrosive 
action of oil of vitriol and aquafortU. 

pROBtEM IX. determine what happens when th^ ^as ob- 
tained by dissolving is on or £ihe in sn/pAurie or mw iatie eteid is 
diir/r/.— The gas has been observed to bum with a smokeless, 
odourless flame. To ascertain whether, os in all other coses of 
combustion previously studied, the oxygen of the air is con- 
cerned in the combustion, a burning jtt of the gas is plunged 
into a dry cylinder fuU of oxjrgen, m which it is not only 
seen to continue burning, but it Is also noticed that drops of 
liquid condense on the cylinder above the fUtne ; this im^ 


mediately^ suggests that the product is a liquid. The jet is fovmd 
to be extinguished in nitrogen, so evidently when the gas burna 
it forms an oxide. The experiment is repeated, and the gas 
burnt in a bell jar full of oxygen over water : the water rma 
as the combustion proceeds* proving that the oxygen is used up. 
To collect a sufficient quantity of the pre^uct for examination* 
the dried ^ gas » burnt at a jet underneath a Florence flush 
through which a stream of cold water is allowed to circulate t 
the neck of the flask is passed through the neck of a bell jar and 
the flask and bell Ur are clamped up in an Inclined position, so 
that the liquid which condenses may drop into a small beaker 
placed below the rim of the jar. What is the liquid ? It looks 
very like water, and is without taste or smell. Is it water? 
How is this to be ascertained? M^bat are the properties of 
water? The knowledge previously gained here becomes of 
importance. It has Ix^n observed that frozen water melts at 
V C,, that water boils at loo*, and that one cubic centimetre 
weighs one gramme at 4 *" C. ; so the liquid is frozen by the ice- 
makeris mixture of ice and salt, a thermometer being plunged 
into it so that the solid ice forms on the bulb : the melting-point 
is then observed. Subsequently the boiling-point is determined, 
a little cotton-wool being wrapped around the bulb of the 
ihermometer. Lastly, the density of the liquid may bo deter- 
mined. It is thus established that the gas yields water when 
burnt, and the name of the gw may now for the first tinu be 
mentioned and explained. The results thus obtained leave little 
doulH that water is an oxide of hydrogen ; hut in order to place 
this beyond doubt it is necessary to exclude nitrogen altogether. 
How is this to be done ? Red lead is known to consist of lead 
and oxygen only, and readily parts with a portion at least of its. 
oxygen ; so dried oxygen is passed over red lead, which is then 
gently heated. Again a liquid is obtained which behaves as 
water, so there can be no doubt that water is an oxide of hydro - 
en. Water is not obtained on merely mixing oxygen Und 
ydrogen ; it is only produced when combustion takes place. 
To start the combustion a flame is applied to a small quantity 
of a mixture of the two gases : a violent explosion takes place. 
An opportunity is here again afforded of catling attention to 
Ibc entire change in properties which lakes place when the com- 
pound is formed. On heating red lead in hydrogen, lead ia 
obtained, although on beating it atone it loses only a portion of 
its oxygen, and the ** reduction ” takes place very readily ; 
evidently, therefore, hydrogen is a powerful agent. Thla obser- 
vation suggests further ex|>erimenis. Will it not be possible to 
remove oxygen by means of hydrogen from other oxides which 
are not altered on heating? and will not other combustible 
substances besides hydrogen remove oxygen from oxides ? 

Problem X. To deterfnine what happens when hydrogen and , 
other combustible substances afY heated with oxides* — Zinc oxide, 
iron rust, and copper oxide are now heated in a current of hydro • 
gen i the first reipains unaltered, the other two are seen to 
change, a liquid being formed which it cannot be doubted ia 
water ; the copper oxide evidently becomes reduced to copper. 
Is the iron rust similarly reduced to the metallic state ? HoW 
is iron to be tested for? Iron is attracted by the magnet, and 
dissolves in diluted oil of vitriol with evolution of l^dr^en. 
Applying these tests, no doubt remains that the iron rust » 
deprived of its oxygen. 

Litharge and ei^per oxide may then be mixed with soot or 
finely powdered Charcoal and heated in tubes : gas is given 
which renders lime water turbid, and metallic lead or coppet » 
obviously obtained. It is thus established that some but not all 
j oxides may be deprived of their oxygen by means cither of 
j hydrogen or carbon* Opportunity is here afforded of expbdniz^ 
the manufacture of iron. 

Several dried combustible organic substances, sugar, hr^ad* 
and meat, may now be bprat with Copper oxide in a tube t|ko 
fore part of which is clean and is kept cool 1 liquid U to* 
ednd^se, .While chalk gas is given off ; the liquid has the 
appearance of water* and sufficient may earily be phtaiuod to 
ascertain whether it U water. The presence of hydrogen To 
organic substances is thus discovered ; its origin ftom widOr may 
now be explained* and the doubU function of water in the plapt 
and antmo! economy may be yefmted to— viz* that it both amOff 
into the composition of tike animal and plant structure Odd dhm 
acts as a st^vent. The combustion or omnoiy 004!, 
alcohol* of petroleum, of oil and of candles* may tSmt ^ 

*■ Tha imiHivsaqos ef th* h riefised wUhoiri 

prarimis ohMivaifUns obvvn that |h# olr » ssqisti and pasha fas m 
glvtu off in prosatac* of watsf^ Uma maybt and. 
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ftiid the presence of hydrogen in all of these 

noted. 

PKOBliVM XI* To ih$eT^in€ whether oxides such xs wafer 
and cm(k gas may be deprived of oxy^tt by means of metals,-^ 
It being found that hydre^en and catbon withdraw the oxygen 
from tome but not from all metals, it follows that some metals 
have A stronger, othenj a weaker, hold upon or affinity to 
oxygen than has either hydrogen or carbon ; the question arises 
whether any and which metals have so much greater an affinity 
to ox 3 rgen that they will withdraw it from hydrogen and carbon. 
Cw>er and iron have been found to part with oxygen, but zinc 
and magnesium did not, so these four metals may be studied 
comparatively. Steam is passed through a red-hot copper tube 
full of copper tacks : no change is observed. Tlte experiment 
is repeated with an iron tube charged with bright iron naus ; a gas 
is obtained whi^ is soon recc^nized to be hydre^en, and ort 
emptying out the nails they are found to be coated with black 
scale. Zinc and then magnesium are tried, and, like iron, are 
found to liberate hydrogen. Chalk gas is next passed over redo 
hot copper, and is found to remain unchanged, but on passing 
it over red-hot iron or sine a gas is obtained which bums with a 
clear blue smokeless flame : this gas is not absorbed by milk of 
lime, but on combustion yields chalk gas, so it evidently contains 
carbon, and is a new combustible gas. Like hydrogen, it t$ 
found to afford an explosive mixture with oxygen. Finally, 
magnesium is heated in chalk gas : it is observea to burn, and 
the magnesium to become converted into a blackish substance 
unlike the white oxide formed on burning it in air. But it U to 
be expected that this oxide is produced, and to remove it, as it 
is known from previous experiments to be soluble in muriatic 
acid, this acid is added ; a black residue is obtained. What is 
this? Is it not probable that it is carbon? If so, it will burn 
in oxygen yielding chalk gas. So the experiment is made. 
These experiments in which hydrogen is obtained from water 
and carbon from chalk gas afford the most complete “analytic*' 
proof of the correctness of the conclusions previously arrived 
at regarding water and chalk gas, and which were based on 
* synthetic *' evidence ; taken together, they illustrate very clearly 
the two methods by wliich chemists determine composition. 

As hydrogen and carlion form oxides from which oxygen may 
be removed by means of some metals but not by all, the qiics- 
tlon arises, Which has the greater hold upon or affinity to oxygen 
^carbon or hydrogen ? As it is the ca&iest experiment to per- 
form, steam is passed over red-hot charcoal ; a combustible gas 
is obtained which yields water and chalk gas when burnt, so 
evidently the hydrogen is deprived of its oxygen, and this 
latter combines with the carbon, forming the combustible oxide 
of carbtxn* Will not carbon partly deprive chalk gas of its 
oxygen ? The experiment is made and it is found that it will. 
These results afford an opportunity of calling attention to and 
explaining the changes which go on in ordinary fires and in a 
furnace. 

PkoBi.KM XT I. 7o determine the composition of saU gas^ and 
the manner in which it acts on tnetah and oxides, — It has 
previously been demonstrated that spirits of salt or muriatic 
acid is prepared by acting on salt with oil of vitriol and jMtssing 
the gas which is given off into water; the folulion has been 
mnd capable of dissolving various metaU and oxides, chalk, 
Ijme, &c., and as water alone does not dissolve these substances 
the effect is apparently attributable to the dissolved gas, so it 
bewmes of interest to leam more of this gas in order that its 
action be understood. It is first prepared ; its extreme 
^iubuity m water » observed, and olfio the fact that as it 
dlMolVofl much heat is given out ; and it is noted that although 
colOOTlm and transporeht ft fumes in the air. How is Us com- 
Mition to be determined? Is there any clue which can be 
foBowed up ? Keferenoe is made to the previous observations, 
antlit is noted that iu solution dusolves various metoJs with 
evobldon of hydrogen ; water alone has no such effect, fs this 
hydrogen derived IVom the water Or from the dissolved gas? 
The gas ^ne is passed over heated Iron turnings, and the 
^^fnng M fa collected over water ; It proves to w hydrogen, 

So evidently salt gas is a compound of hydrogen with something 
elto. How is this something else to bo separated from the 
hyoro^? po not previous experiments suggest a method? 

have proved that hydf^en has a marked affinity to 
rngpetr, and iiow U is recollected that on treating muriatic acid 
wo red !ead-*-a substance rich in oxygen-^-a greenUh-yeilow 

w^ldped. The etjMment is related on a larger scale 
gde is examined* If it Is contained tojgeiher with 


hydrogen in salt gas, perhaps sidt gas will be obtained on apply- 
ing a flame to a mixture of the two gases just as water 1 $ from 
mixture of oxygen and hydrogen ; the mixture is made and fired, 
and the rtault leaves little doubt that salt gas does consist of 
hydrogen in combination with the greenish-yellow gas— .chlorine^ 
Whence is this chlorine derived — ^from the salt or the sulphuric 
acid? 

The notes are again consulted, and it is seen that a solulioiv 
of silver in nitric acid gave a characteristic piecipitate with 
muriatic acid but not with sulphuric, so salt solution is added to 
the silver solution, and a precisely similar precipitate is ob- 
tained, leaving little doubt that the chlorine is derived from the 
salt. It is now easily realized that the iron and zinc displace 
the hydrogen of the dissolved hydrogen chloride. What 
happens wrien the oxides Are acted on? In addition to the 
metal they contain oxygen, which is known to combine readily 
with hydrogen, forming water ; is water formed ? Lime oxide 
is therefore ncaled in hydrogen chloride ; a liquid is obtained 
which behaves exactly as a solution of hydrogen chloride in. 
water. When the action is complete, after driving off ail that 
is volatile, a solid remains very like fused common salt — 
doubtless zinc chloride, as it is to be supposed that a# the 
hydrogen has taken the place of the zinc the chlorine has taken 
the place of the oxygen. What, then, is the action of hydrogen 
chloride on chalk ? It evidently not only separates the chalk 
gas from the lime, but al-o dissolves this latter. What is 
formed? Pry (unslakcd) lime is therefore heated in a current of 
hydrogen chloride. It behaves just as zinc oxide, yielding a 
liquid product — evidently a solution of hydrogen chloride in 
water, as it dissolves zinc with evolution of hydrogen, and the 
residue is like that of zinc chloride. The important discovery 
is thus made that lime also is an oxide — that chalk, in fact, is a 
compound of two oxides ; the resemblance of lime to zinc oxide 
and magnesium oxide is so striking that the conclusion is almost 
sclf-cviacnt that lime is probably a metallic oxide, and it may be 
here pointed out that this actually is the case. The gradual 
discovery of the composition of chalk in the manner indicated 
is an especially valuable illustration of chem'cal method, and 
serves to show how chemists are often obliged to pause in their 
disenveries and to await the discovery of new facts and method<» 
of attack before they are able to completely solve many of the 
problcnw which are submitted to them. The solids obtained on 
dissolving zinc oxide and lime in muriatic add and boiling down 
the solution, when all the water is driven off, are white solids 
I like fused salt, but on exposure they gradually become liquid* 
In 50 doing they increase tn weight, and evidently liehave like 
sulphuric acid. Probably water is al>sorbed from the air : no 
change takes place when they arc kept over sulphuric acid or 
dry lime. In this way two new desiccating agents are incidentally 
discovered. 

Tnom.EM XTII. To determine the composition of waskingsoda^ 
— The study of this substance is of importance as introducing 
the conception of an alkali. The preparation from salt is fir-t 
described. On heating the crystals they melt and give oft’ 

“ steam ” ; the experiment is made in such a way that a quantity 
of the liquid is obtained sufficient to place beyond doubt that it 
is water. The water is found to be easily driven off on heating 
the crystals in the oven, and to constitute a very large proportion 
of the weight of the crystals. The conception of water of 
crystallization i« thus gained. On heating the dried substance 
to full redness in the platinum dish, no loss occurs. The residue- 
dissolves in water, and “soda crystals*’ may again be obtained 
from the solution, so that heat does not affect it. Perhaps acida 
which have been found to act so powerfully in other cases will 
afford Some clue. On trial this is found to be the case : a colour- 
less, odourless gas is given off, which extinguishes a burning 
taper. Is this perhaps nitrogen or chalk gas ? The lime water 
test at once decides ifiat it is the latter. So it is determined that 
washing-soda, like chalk, is a compound of chalk gas— but with 
what? With an oxide? The dried substance is heated in 
hydrogen chloride r chalk gas is given off' as before, and a 
liquid which is soon recognized as water saturated with hydrogen 
chloride* The residue dissolves in water, and separates from 
the concentrated solution in crystals exactly like salt, *and, in 
fact, is soon rec^oized to be salt ; evidently, therefore, that 
which is present in salt along with chlorine is present in soda 
crystals along with oxygen, chalk gas, and water. The prepara- 
tion of the metal sodium from soda is then explained. Ac- 
quaintance being thus made with compounds of chalk gas with 
two different oxides, the question arises, which oxide has the 
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.•gnater to the chatk gas ? Will Utns di 8 |>liioc solmtn 

oticlo from soda or vic^ p^rsd ? O4 adding Urns vriter to *oda 
■glutton, a precipitate of cHoik i« format Waat da&a tlae 
-eoiiuioQ contain? Lime irater contains Urns in eonbinitio') 
with water ; is the sodium oxide present in cottiSination with 
water? Soda U bnled with milk of lims (in an iron sahee* 
pan to avoid breakage) until it no longer affects lime water ; 
afterwards the Uf:iuid is poured off and boiled down. The 
product is very unlike soda: it is very caustic* and when 
•exposed to the air becomes liquid. If it is an, analogous sub* 
stance to nUked lims, it ahould combine with chUk gas and bo 
reconverted into soda ; this is f amtl to be the ease. Caustic soda 
is thus discovered. Chalk and lime are known to neutralUe 
acids ; both soda and caustic soda arS found to do so* and their 
•effect on vegetable col oars is found to be the reverse of that of 
•acids. At this stage the origin of the name alkali is explained* 
and it is pointed out that the oxides wliich have been studied 
may be arranged in two groups of alkaii-Uke or aJkyiic and acid- 
forming or acidic oxides* the formir being derive i from metals, 
'the latter from non-metals. The production of stiUs by the 
union of an oxide of the one class with the oxide of the other 
• class is then illustrated by reference to earlier experiments. 

The point is now reached at which the results thus hit 
•obtained may be reconsidered. The student has been led in 
many cases to make discoveries precisely in the manner in whibh 
they were originally made ; and it is desirable that at this 
stage* if not earlier, the history of the discovery of the compo- 
sition of air and water, &c., should be briefly recited. Ic is 
then pointed out that a variety of substances have been 
analyzed and resolved into simpler substances — air into oxygen 
and nitrogen* water into oxygen and hydrogen, &c. ; and 
that these simpler substances thus far have resisted all 
attempts to further simplify them* and are hence regarded as 
-elements. A list of the known elements having been given, the 
•diverse properties of the elements miy twj illustrated from the 
knowledge gained in the course of the ex|>efiinents. The fact 
that when elements combine compounds altogether different in 
properties from the constituents are formed aUo meets with 
manifold illustration. Too little has been ascertained to admit 
of any general conclusion being arrived at with regard to the 
proportions in which elements combine, but it is dezr that they 
may combine in more than one proportion since two oxhfes of 
carbon have been disoovored, and in the only cases studied— 
viz. copper oxide and chalk— the composition has been found 
not to vary. The existence of various types of compoands has 
'been recognized, and a good deal has been learnt with reference 
to the nature of chamical change. B,«, above all, the method 
-of arriving at a knowledge of facts has been illustrated time after 
time in such a manner as to influence in a mist important degree 
'the habitFpf mind of the careful student. New facts Have been 
discovered by the logical application of previously discovered 
facta : the logical use of facts* and the habit of using facts have 
been inculcated. This is all-important. Tt has become so 
customary to teach the facts without teaching how they have 
been discovered that the ^eat majority of chemical students 
never truly leara the use of facts ; they consequently pursue their 
dally avocation i in a perfunctoij manner, and only in excep' 
Xtonal cases manifest those qualities which are required of the 
^investigator ; their enthusiasm is not awakeneth and they have 
little desire or inclination to add to the stock of facts. It must 
>not for one moment be supposed that the object of teaching 
chemistry in schools is to make all chemUts. Habits m 
rej^lated inquisitiveness* such as muU gradually be acquired by 
Ail who intelligently follow a course such as has been sketched 
out, arc, however, of value in every walk of life ; an I certainly 
•the desire to an lerstand all that comes under observation should 

far as possible be implanted in everyone. 

Stage V.— f • tpaiMpc 

The quantitatm composition of many of the substtances Which 
ituve previously been stuiied qualitatively should now hc 
determined— in some cases by the taaoher in face of the pupils, 
•so that Avery detail may Ife obaewed and all the results rc» 
•^rded ; in other cases by the pupils. 

The oompositioin of water is flfst determined by DastiAS* 
vnethod ; thU may easily be do m, and fairly aeeutate reaulti 
unay be obtained in the course 6 f a couple of hoars. The 
iresults obtained by Dumas and subsequent workers should dien 
^ be cited; and, attention having been drawn to the extent to 
evhich such expeHments are necessarily subject to error, the 


evidence which the resulU afford that hydrogen and oxy^^ 
combine in certain /.vrif and invariable pr&pot'ticns to form water 
U espeoiaUy insisieo upon. 

Tw eompobition of chalk gas is next detennined ; ibis alto is 
easily done, a^^ impure cairbm (lattr}>black) be bomt and 
the hydrogen allowed for. Again, attention » directed to the 
resuHs obtained by skilled workers, and ^ evidenoe which they 
afford that chalk gas never varies in oomposKkm. 

The composition of copper oxide has already been aacer- 
tataed ; it mi^ be re-determined by reducli^ the oxide in 
hydrogen : in ^t, in determining the composition of water. 

The lead oxides may be reduced in a similar manner, the 
oxide obtained by igniting white lead as well as red lead and 
tire brown oxide obtained by treating red lead with nitric acid 
being used, la this way it is ascertained that the brown oxide 
is the highest oxide ; the loss in weight whi^h this oxUle suffers 
when ignited may then be determined. 

Tabulating the results thus obtained, after calculating with 
what amount of the particular element that quantity of oxygen 
is associated which in water is combined with one part by 
weight (ifHiV weight) of hydrogen, numbers such as the following 
are obtained : — 

1 part of hydrogen is combined with S parts of oxygen in 
water. 

3 parts of carbon are combined with 8 parts of oxygen in chalk 
gas. 

jrs parts of copper are oomhined with 8 parts of oxygen in 
copper oxide. 

103*5 parts of lead is combined with 8 parts of oxygen in lead 
oxide (Litharge). 

5 1 '8 pans of lead are combined with 8 parts of oxygen in lead 
oxide (brown). 

These clearly illustrate the fact that elements combine in very 
different proportions* and the results obtained with the lead 
oxides afford also an illustration of combination in multiple 
proportion. 

The amounts of silver and lead nitrates formed on dUsoIving 
silver and lead in nitric acid are next determined by evaporating 
the solutions of known weights of the metals in porcelain 
crucibles on the water-bath, and then drying until the weight is 
constant ; accurate results may )>e easily obtained, and these 
two exercises afford most valuable trainitm. The nitrates are 
subsequently evaprxrated with muriatic acid and the weights of 
the products determined. What are these producU ? Does the 
metal simply take the place of the hydrogen in hydrogen chloride 
as zinc does when it dissolves in muriatic acid ? If so, the products 
are silver and lead chlorides, and it may be expected that the 
same substances will be obtained— chat the same increase in 
weight will be observed, when, say, silver is combined directly 
with chlorine as when it is dissolved, in nitric acid and the 
solution « precipi^ed with muriatic acid or laU. Silver is, 
therefore, heated in chlorine, and is found to increase in weight 
to the same extent as when it is dissolved in nitric aokl, &c. ; a 
given weight of sUver precipitated by salt is also found to 
increase to the same extent as when it is directly combined with 
chlorine. The compoeition of silver chloride having thus been 
ascertained, the amount of chlorine in salt is determined. 
The composUron of salt being ascertained, purlded dried 
washing-s<m Is converted into salt* and also the amount 
of chalk gas whitdi it contakts » determined ; from the data, the 
compositloo of sodium oxide ma}{be calculated, tn like manner 
the composition of lime may be ascertained by converting chalk 
into chloride by siting it in hydrogetl emoeide, and then 
determinii^ the ohMne m the chloride ; the same method m^y 
be applied to the determination of the composkicn of the oxides 
and odorides of zinc, magnesium, and cop^. 

Oiscuming these various results, and comparing th« quantities 
of oxygen w of ebbrine which oombtne wkh «qy oite cf tlje 
wietals examined, it U seen that ia every core abo^35'4 {terts 
of chioriiM take the place of 8 purls of ox7|$en» CombiDa- 
tioD in recipratal prqpvrliam U thus iffttitmte4 nod by cbtuider* 
ing the compoaitiim of chalk and washing-soda tt may be abown 
that this applies equidly to compounds ox two and to eompomnds 
of throe tjmeiiti. As JS 4 parts of diLorine Ate foknd in every 
case to corresp^ to 8 ptiia Of paygeii, it is to ha 
that tkydiogen cblorida ooktsisui am part of th 

oonbiossidn wUk M *4 parts of ohiotifte i a sobtiOn oowmlog 
a known wel^t oThydfogen chkmde is, ibotelbre, 
p^ing the gas Mo a tared Maisk obaukibg wisilor idd 
thlotiite U tim doterteined<t , ^ \ 
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Tt b^ng tbas clearly established whal are equivait^tt weights 
01 denutttts, the conception of equivalents may be further deve- 

K by e^cerdses in aeidimetrv carried out by the pupiU them- 
The proportions in which washing-st^a and hydrogen 
ehloHde hUeract inay be determined by mixing solutions of 
hxiown strength until neutraiittation is enected ; if the solution 
^ evaporated and the chlonde weighed, the results may be used 
in calculating the composition of hydrogen chloride ; they serve, 
in fact, as a check on the conclusions previously arrived at as 
to tl^ composition of washing-soda and hydrogen chloride. 
Solultons of sulphuric and nitric acid may be similarly neutralized, 
and, the amounts of sulphate and nitrate formed having been 
ascertained, the equivalents of the acids may lie calculated on 
the assumption that the action is of the same kind as takes place in 
the case of hydrogen chloride. Determinations of the strengths 
of acids, Scc.f may then be made. In a similar manner the volu- 
metric estimation of silver may be taught, ami the percentage of 
silver in coinage and other alloys determined. 

Such a series of quantitative exercises as the foregoing, when 
carried out /fifore and to a considerable extent the pvt pits, 
undoubtedly afforils menial cUscipline of the very highest order, 
and is effective of good in so many ways that the value of such 
teaching cannot he over-estimated. The failure to grasp ouan- 
fitotivc relationships which examiners have so frequently to 
deplore is without question largely, if not alone, due to students’ 
entire ignorance of the manner in which such relationship'* have 
been determined. Moreover, the appreciation by the general 
public of the principles on which quantitative analysis is founded 
would undoubtedly be directly productive of good io a 
multiplicity of cases. 

Stag 15 of Ihf physical properties of gases in 

comparison ~jnlh those of liqntds and soiuU. 7 he moiecu/ar 
and atomic theories and their applicahon, 

A series of quantitative experiments on the effect of heat on 
solids, liquids, and ga«es should now be made, and these should 
be followed by riinilar experiments on the eflect of pressure ; the 
similar behaviour of gases, and the di>similar behaviour of liquids 
and solids, is thus made clear The condensation of gasess is 
then demonstrated and explained, and also the conversion of 
solids and liquids into gases, and the dependence of boiling- 
point on pressure and temperature. K^nault's method of 
determining gaseous densities 18 studied, and the method of 
determining vapour densities is illustrated. 'I'hc molecular 
OonatituiioD of a gas is now discussed ; the phenomena of 
gaseous and liquid diffusion- are studied, and a brief reference is 
made to the kinetic theory of gases ; then Av^dro’s theorem 
ia expounded and applied to the deierminaiion of molecular 
weights ; and eventually the atomic theory is explained, and the 
manner in which atomic weights are ascertained is brought home 
to the pupils. The use of symbols must then be taught. Finally, 
the cUastfication of the elements in accordance with the periodic 
Jaw should be explained. 

It is all-important that at least a large proportion of the 
experiments in each of the stages should t>e made by the pupils ; 
but even if this were not done, and the lessons took the form of 
demonstrations, much valuable instrucrion might still be given. 

The majority of pupils probably would not proceed to the 
firth and sixth stages ; but those who perforce must terminate 
their studies without gaming any knowledge of chemical 
philosophy should unfailingly be Jed to make a few simple 
quanrifative expert oients : for example, to determine silver 
volun^tricolly, and the method of dt^emiining the composition 
of water and t^alk gas should be demonstrated in their presence : 
and ft may be added that, if only the examples in Stages I. and 
II, and FrobJems I. to V, of Stage UI. were thorough)^ worked 
out^ motit important educational training wouM be given, and 
maoh valuame information $» to the nature of common 
pheiukmeiia would he gained. 

course would undoubtedly take up considerable 
riine, but fo dims a satisfactory matfaemaUcal or claasical oourae 
of 4imdy« and k U absurd tosuppoae that useM Sramiii^ln science 
ia he bo« IfMArted in a few montna^ If instruction be given in the 
nkuiner lu&esled at alt generalW, ft will be necessary, however, 
tq TS® bmeettt syriem « testing reauUs. Pupils could 

ttwiW eapechla to paf*s at an ear^ ag(C examinalions such jw 
pmenf held, und awmds would have to he based chwfly 
of the dasses ai work and of notebooks and on 
49f«d eo^ ^[UetHkinine. Hat all are agreed that the peewnt 1 
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is a most unhealthy one, and that a more rational system mmr 
he substituted for it. I may suggest that if memWs of the siaA 
of science colleges, such as are now established in so many townx^ 
could bo appointed inspectors ^ whofedutyit would 

be to adviae teachers in schools and oerasionatiy to inspect the 
teaching in company with the permanent inspector, it nould be 
possible to secure the assistance of a body of men who are ii> 
touch with scientihe progress and conversant with the improve- 
ments which are being effected. A man who once an inspector 
t-t always an inspector^' of necessity must get into a rut, and will 
escape from the wholesome leavening and rousing Influence 
which is always more or less felt by those whose othce it is to 
follow the march of sclentiflc progress. 

It should also here be pointed out that the great majority of the 
experiments and exercises described may lie carried out with very 
simple apparatus, and with slight provision in the way of special 
laboratory accommodation. In but very few cases is there any 
production of unpleasant smells or noxious fumes. It is, in fact, 
a mistake to suppose that an elaborately fitted laboratory is itt< 
every case essential for aoccesshil teaching : much might be done- 
in an ordinary schoolroom provided with a demon^it ration bench 
for the use of the teacher, a draught closet over the fire-place, 
a sink, a raised table for balances (raned so that the teacher 
might see what was going on), a cupboard for apparatus, and a 
long narrow bench provided with gas-burners at which, say^ 
twenty pupils might stand, ten a-side. At present the Science 
and Art Department will not recognize “practical chemist ly ” 
unless it be taught in a laboratory fitted up in a certain spccineil 
manner, and their regulations are such as to enforce the provisiorv 
of expensive laboratories in all cases where it is desired to obtain- 
the grant. If greater latitude in fittings were allowed, more 
attention being paid to the character of the work done and less, 
to the tools with which it is accomplished, probably much less 
money would be wasted by inexperienced school authorities in 
providing special lalwratories, and there would be much greater 
readines.s ciwplnyed to enter on the teaching of experimental 
science. The course which ha.s been sketche*! out is one which 
doubtless might well be modified in a variety of ways according 
to circumstances. Thus many simple exercises in mechanics, in 
addition to those directly mentioned, inight be introduced into 
Siaee 11., and the mechanical properties of common mnlerUla 
might be somewhat fully studied at this .stage in districts where^ 
engineering trades are largely e^tablished, and where such- 
know le<1ge would be specially valuable. Jn like manner the 
physical effects of heat on substsnees might be studied in 
Stage 111. instead of Stage VI. And there arc other chemicnl 
problems and simple exercises besides those described which 
might be substituted for some of them, or included in the 
course. 

Frobaldy, however, it would be found undesirable, if not 
impossible, ns a rule, to continue the teaching of chemistry 
proper much, if at all, beyond the stage indicated in this scheme. 
Other subjects will have a prior claim should it ever lie deemed 
CHsential to include in a comprehensive scheme of school education, 
the elements of the chief physical and physiological sciences v 
it certainly is of primary importance to introduce at as early a 
period as poisibJe the conception of energy, and to explain the 
mechanical theory of beat, so that later on it may be possible to 
discuss the efficiency of heat and other engines; and, until the 
laws of the electric current are understood, the subject of chemical 
change can never be pro^rly considered. 

In many cases, where it is convenient or desirable to continue 
the chemical studies, it pr<^bly will be advantageous as a xule 
that they have reference to specific (local) requirements— e.g, to- 
agriculture io schools in agricultural districts ; to food maieriala 
and physiology in the case of girls especially, But in any 
case more consideration roust be paid in the future in schools ^ 
where chemistry Is taught to educational requircincnts—lhe 
leaching must have reference to the requirements of the general 
public ; and it must he remembered that the college, not the: 
school, is the place for the complete study of a subject. 


With the object of presenting io an available form infbrmatioiv 
os to the position occuiued by chemistry in Board and other 
public elementaty sdiools, which are controlled either by the 
Education Department, Whitehall, or the Science and Art 
Deparlirent, South Kcnsingion, the Committee how nreaehl «- 
report on the subject which has l>cen prepared by FroC 
Smithdl*. A consideration of this stoicmciH will show that, an- 
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iu t)i« higher grade public schools, with which the Report of the 
CointDittee last year was chiefly coocefo^i the condition of the 
leaohlog in public elementary Schoels is far from satisfactory* 
As a 'rule chemiehty is not taught on the proper lines. The 
pupils frequently receive the same kind of instmctmn in chemistry 
OS they would at a Inter stage if they were preparing for a 
professional or technical career; consequently the subject has 
fisUed to provide that menial education which it should be the 
main object of eletnentary teaching to develop. It appears, too, 
chat in many of these Achools physical science has not hitherto 
been regarded as a necessary part of the educational scheme. It 
ie essential that this atate of affairs should be altered, and that 
physical science should occupy a more favourable position in the 
^ucation Code, and that its teaching should be more thoroughly 
controlled. 

It is to be hoped also that the Education Department, as well 
at the Science and Art Department, South kensington, will 
take steps to arrange a more efficient mode of inspecting science 
teaching than that at present in vogue, which can only be 
regardtn as satisfactory from a purely statistical standpoint. 
Under the present system little or no control can be exercised 
over the science teaching, since the Whitehall inspectors are, as 
a rule, not qualified to form an opinion as to its value. There 
would seem to be no difEcuity in obtaining the services of 
properly qualified persons to act as additional inspectors for the 
purpose of reporting on the character of the science teaching. 
It IS probable that many of the professors and lecturers ui 
University Colleges, and other educational institutions, might lie 
willing to take part in such inspection, and it woula thus 
become possible to maintain a high standard of excellence in the 
teaching. 


THE GEOLOGICAL PAPERS AT THE 
BRITISH ASSOCIATION. 

Thursday morning the first busincfs of Section C was 
to hear Prof. Milne"s ninth Report on the earthquake and 
volcanic phenomena of Japan, m which a list of seventy-nine 
earthquakes occurring between June 1888 and March 1889 is 
given. After a paper by Dr, Naumann, which will be referred 
CO later on, Mr. T. P, Barkas read a paper on footprints of four-, 
three-, and Iwo-toed animals, discovered in Lower Carboniferous 
sandstones near Otterburn, of which he exhibited specimens. A 
paper by Mr. Mellard Keade reviewed the chief theories ad- 
vanced to account for the Lower I'riassic rocks, and advocates 
their formation by tidal action in straits, seas, and ba;^ from 
Che denudation of the, roc^s of the Channel, Mendips, Belgian 
coal-field, Pennine, and the Old Red of Herefordshire, 

Friday's silting opened with Dr. A, Geikie’s paper on the age 
and origin of the crystalline schists of Norway. In the Trond- 
hjem region ordinary sedimentary rocks, much disturbed, contain 
Lower and Upper Silurian fossils, and are underlain by basic lavas 
and tuffs, succeeded by grits, slates, and schists with Idack 
pyritous and carbonaceous l>eds. Traced southwards, the whole 
series becomes progressively more crumpled and crystalline until 
it passes into a group of twisted mica schists, in which, however, 
the pyrilous shales, although converted into mica schists, are 
still recognizable. Specimens were exhibited to show every 
step of metamorphism from an amorphous igneous rock to a 
l>erfect schist, the change being sometimes visible in a hand 
specimen In Bergen the author confirmed the discovery of 
fosjMls by Dr. Reusch in a frilled mica schist or phyllUe, proving 
that the regonial metamorphism in this area was of post- Silurian 
date. Mr. Man: followed with a description of the Skiddaw 
slates on the ea 
intruded l>otwe< 
and converted 

secondary quartz, and exhibiting dusw^k/tun^si'/iva^ift in fact a 
mica schist. Prof. Bonne^ contributed a paper showing that the 
limestone? associated with crystalline rocks were coarsely 
crystalline as a rule, but tliat pj^simre often obliterated th» 
coarse texture by crushing, and thus could only be appealed to 
as a minor agent in producing crystallization ; a further paper by 
the same author dealt with the^ fossils obtained amongst th« 
crystalline schists in the Vat Canirla, Val Flora, Nufenen pass, and 
Lukmanier Pass ; he concluded that in the ffrst two localities the 
relations of the rocks hod been misunderstood, while in the last 
two the fossils were in a rock whose minerals were In a very 
lifferent state from those in the older crystalline schisu. Mr, 


aide of Brownber, where quartz veins have been 
I the bedding planes, the rock has been contorted, 
into a rock composed largely of mica and 
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Watu exhibited a collection of Belemnites from the rocks of the 
Lukmanier Pass. Dr. Hatch described potash and soda felshes 
from the Lower SBurfan of Ireland^ which were andent equiva- 
lents of the rhyolites and pontellerttes of lo-day ; and Mr. A. R, 
Hunt brought forward a view that the granites of Dartmoor and 
of the Channel were of pre^Devonian and probably Archsean 
age. Mr. Teall sent an interesting communication on the 
smygdaloidsof the Tynemouth dyke, in which he summarized the 
history of the rock os follows t (i) development of granular 
aggregates of felspar allied to onorthite under plutonic condition^ ; 
(2) addition of new felspar substance to these, giving them 
outward crystalline form ; (3) formation of lath-shaped felspars ; 
(4) separation of augite t (5) formation of vesides probably due 
to relief of pressure when the magma rose into a fissure ; 
(6) filling of s>ome of these vesicles with interstitial matter which 
probably oozed into them from the surrounding liquid magma, as 
they are seen in all stages offfliing ; (7) coufoTidation of interstt^ 
tial matter ; (S) fiUmg up of the rest of the vesicles with 
carbonates. Mr. Swan exhibited specimens of marble from 
Paros, and described the new and old quarries; and then the Section 
listened to an account from Dr. Fridtjof Nansen of the geological 
bearings of hU journey across Greenland. 

Greenland is covered by a shield of ice rising to a height of 
9000 or 10,000 feet in the centre, where it probably covers an area 
of moutitains and valleys, and not a table land, reduced 10 a 
gently sloping surface, and even polished, by the wind. I'he 
only evidence of ice melting on the surface in the interior con- 
sists of thin ice crusts at varying depths. The enormous pres- 
sure of the ice mass forces it out partly a$ ice and partly as 
water melted by friction, thus giving rise to the rivers, which 
flow even in winter. The great rate at which the ice flows out 
into the fjords makes the author an advocate for the agency of 
ice in forming these features. 

On Saturday, Prof. W, C. Williamson read a paper in which 
he acknowledged the help he had received from all parts of the 
world in acquiring specimens and slides of coal and mineral 
charcoal from many English, Welsh, and Scotch localities, as 
well as from Japan, New Zealand, America, Europe, Asia, and 
Australia. The inquiry was still proceeding, with a view to 
ascertain the nature and origin of this mineral charcoal, and to 
estimate the extent to which cryptogam ic spores contributed to 
coal formation. Prof, Williamson lurther stated that in Lygino- 
iitntlnm Oldhamium^ he added a fern to the other cryptogams 
in which exogenous growth took place, and announced what he 
termed anotlier botanical heresy, that in the Carboniferous 
Lycopcjds the vascular bundle enlarged into a ring indosing a 
medulla which enl.arged pari passu with the ring. Prof, T. R. 
Jones reviewed the advancement mnde by himself and others to 
our knowledge of the Palteozoic Phyllopoda ; and Dr. Johnston- 
La vis’s Report onVesuvius was presented, This Report announces 
that Messrs. Philip and Son will shortly publish the map of 
Vesuvius ; it further gives a diagram of the cone in 1887 and 
1886 (? 1888), and three taken in January, May, and Aupist, 
1889, so as to show the changes resultant on overflows of fava« 
formation of fissurrs, and building of new cones. The Report 
concludes with a further account of the new railway tunnels in 
the Phlegrscan Fields. 

Further specimens of the peculiar corai-ltke structures from 
the limestone of Culdaff have been obtained by the Geological 
Survey, and some of these, with photographs, were exhibited to 
(he .Section by Prof. Hull. Some foreign palseontologists, 
judging from the photographs, regarded them as organic, and 
referred them to Favistefla, but English palaeontologists give 
onlv a hesitaiing assent to this view. Mr. Cameron described 
Kellaway's sand and doggers from exposures near Bedford, btid 
Mr. Vine described sixteen species ofStomatopora and Froboscina 
from the llunstanton Red Chalk. 

On Monday, Mr. Ussheris paper on the Devonian rocks Of 
Britain was presented. He divided the rocks into three typical 
areas, in eaCh of which they presented peculiar characters, lb 
I North Devon there are arenaceous deposits Indicating ritool 
witer; in South . Devon the rocks lure variable, with sm^bdic 
volcanic and coral deposits ; while in CornwMl and D«!rQb» 
west of Dartmoor, the succession, (hough much disturbed wnd 
faulted, consists chiefly of mud and slates: A table is iglveb* : 
corrdaiing the principal divUions in these three oreah With tludf 
Franco' Belgian and German equivalents, An hnportant 
. by ProL Lebonr abd Mr. Marley, on the South Ddthafo wdit 
indtist^ and the extehsion of the Dhiham eoal-fletd^ 

The area of proved sdlt amounted toot Mast twenty equate 
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imd Although It hftd been found not to extend to Seftton Carcw, 
there was no doubt that the eastern and northern borings at 
South Bank and North Ormesbv did not mark the limits of the 
salt In those directions. The tnin coals found in the Seaton 
boring were regarded by Prof, Leboiir as being of gannister or 
millstone-grit age» and hence of little value except in giving an 
idea of the structure of the Carboniferous rocks tMstow Their red* 
rock covering. Mr. De Kance’s Underground-water Report gave 
Ihe details of some of these boringf^, as well as others from 
Devon, Worcester, Leicester, Lincoln, Lancashire, Hertford- 
shire, and the south of England* Dr. Kmbleton contributed a 
description of Loxomma AUmanii from the Northumberland 
coahneld ; Dr. Traquair, of Devonian fishcp from Scanmenae 
Bay and Campbellton, in Canada ; and Mr. Smith Woodward, 
of Onychodm from Spitsbergen^ and of six new species and two 
new genera of Liassic fishes. Dr. R. Laing read a paper on a 
Ncolfthic interment in Robin Hood Cave, and on the discovery of 
FelU brevirosttis in a Pleistocene deposit in the same cavern. 

The Section then joined with Section A to hear a joint paper 
by Profs, ThorpjC and R ticker, on the relation between the gco« 
lopcal constitution and magnetic stale of the British Isles. In 
this the authors recorded that the magnetic elements had been 
determined at 200 stations in the United Kin^om, with 
the result that the declination was found to be subject to local 
or regional disturbing causes centred in a comparatively small 
number of spots or lines distributed in various parts of England. 
The regions mentioned are : (1) the fault-line of the Caledonian 
Canal ; (2) the basalt of the Inner Hebrides ; (3) the coal-field of 
South Scotland ; (4)thejegionof South-East Yorkshire, where the 
Jurassic rocks arc thin ; (5) the basalt of Mid- Wales and Shrojv 
shire ; (6) the line of the ** London Palaeozoic Ridge'* ; (7) the 
basalt of Antrim ; (8) the igneous rocks of Connemara, All the 
principal uiasseg of basalt, and those spots where geologists know 
or suspect the older rocks to be near the surface, form centres or 
lines of attraction. As the result of this and of the following 
rcosons, the authors are strongly of opinion that the disturbance 
is due, not to earth ‘currents, but to local magnetic rocks, such 
as basalt, or others like the Malvern diorite, which, though not 
strongly magnetic in the laboratory, produces a deviation of 20' 
of arc even at a distance of a mile from the axis. Only small 
earth-currents, or none, were detected at such places as Melton 
Mowbray ; and near Reading and Windsor, where the disturb- 
ance was great, the earth-currents must circulate round the 
disturbed districts in a manner for which It would be difficult to 
find an adequate physical cause, w’hile, if the currents are deep- 
seated, it is not easy to understand the extreme localization of 
their action. In connection with this pa|>er we may note the 
exhibition, by Prof. Hull, of a piece of magnetically polar 
diorite, and a paper by Dr, Edward Naumonn, in which he 
advocated a magnetic survey of the globe, and brought for- 
ward a set of results from Japan and elsewhere to show the 
del>endence of magnetic lines on lines of fault, fissure, and ele- 
vation. He, however, attributed the magnetic disturbance to 
the deflection of earth-currents by the great lines of fissure apd 
tectonic disturbance* 

Tuesday was chiefly devoted lo Pleistocene papers, opened by 
Dr. CrossKcy. who exhibited a latgc map showing the distribu- 
tion of Welsh, Lake Country, Scotch, and local erratics. His 
report described erratics reported by the Yorkshire Boulder Com- 
mittee and by Mr. Bucknill in Lancashire, and dreiv attention 
to (I) the grouping of erratics from special localities ; (2) the 
occasional mingling of groups : (3) the occurrence of high and 
low level erratics ; and (4) the distribution of trails of the latter 
in accordance with existing physical features, Mr* Whitaker 
described a deep and steep-aioed channel filled with drift in the 
Cam Valley ; Mr. Lam^ngh, a new locality for the Arctic 
sbeU bed in the boulder clay on FJamborough Head \ and Mr. 
Ho Worth contributed two pa)iers on which there was considerable 
discussion. In the first he combated the theory of an ice-cap, on 
the jEtounds that many northern lands had no drift, that the 
southm glaciation was contcmporaticouM and not alternate with 
Uw noribern. and that in New iSeidand and Australia there is 
nothing corresponding to the drift phenomena of the northern 
Batnisphere, that there is little or no evidence of other earlier 
glai;^iu periods, that p^dasontot^cal evidence is against such a 
and Chat the advance of iPe-sheets over hundreds of 
plain without my vh f is a pbyskial impotsibility ; 
in ^le eeoond, after showing that there > evidence of a oonnec- 
in fltdatocene times between Siberia and America, not by 
df |apAn^ but probably through the ahedlow Arctio seas to 


the north, he considers that the necessary elevation of 25 or 30 
fathoms would make the great Siberian rivers flow southward, 
and terminate in an inland sea stretching east from the Caspian, 
just as the principal rivers of Russia (Siberia in Europe) now flow 
Into the Black Sea and Caspian. In the discussion it was, 
however, pointed out that many of the rivers flowed far too 
rapidly to have their directions thus reversed. 

Among the other papers were : one by Prof. Haddon, describing 
the volcanic and coral deposits of the islands in Torrc.s Straits, 
where no proof of elevation or of subsidence was to be obtained 
one I’ty Mr. Dorsey, on the Witwalersrande Gold-fields ; a Report 
iw Mr. Bell, on the manure gravels of Wexford ; and one by Dr. 
F. Clowes, describing rocks at Bmmeote and Stapleford cemented 
by barium sulphate, and the occurrence of the same substance 
deposited in pipes and water-boxes connected with the pumps of 
Duiham collieries. 

On Saturday Mr. Stark ie Gardner's report on the Osborne 
and Bembridge floras of the Isle of Wight and the correlation 
of the Bovey beds with beds of about Bracklesham age was read, 
followed by a short paper of Prof. Green's on the concretionarv 
nodules formed by molecular rearrangement into radial crystal- 
line groups of the tufaceous deposits ot the magnesian limestone. 
Mr. Topiey next gave an admmable rhum^ of the work of the 
Geological Survey in Northumberland and Durham, which have 
been mapped on the 6- inch scale, and published in two sets of 
“drift maps" and “solid maps" on the x-inch. He noted 
the whole sedimentary scries from the Silurian to the Trias, the 
glacial beds, and the numerous intrusive and interbedded igneous 
rocks. The last paper was an extremely interesting one by Mr, 
R. H. Tiddeman on concurrent faulting and deposit in Carboni- 
ferous times. The author describes three branches of the 
Craven group of faults, and then shows that there are vast differ- 
ences between the quality of the Pendleside grits and Bowland 
shales on one side of the fault and the corresiwhding Yoredale 
series on the other, while the sjoofeet of Carboniferous limestone 
on the north side of the faults is in strong contrast to the 800 feet 
on the other side, suggesting great differences in the conditions 
of deposit. As the faults form the boundaiy betwefen the two 
types of rocks, as there is no trace of transition there, and as the 
thickest beds arc on the down-throw side, the author suggests that 
faulting must have gone on contemporaneously with the deposit. 
A note was appended describing knolls of crystalline limestone 
full of fossils and bordered by limestone breccias, which were 
regarded os reefs growing in the Carboniferous ocean. 

Reviewing this list of papers, it is obvious that, though many 
of them were not of a class lo interest the somewhat popular 
audience which listened to them, there are a large number of 
great scientific interest which mark a very considerable advance- 
made in our knowledge during the past year. 


THE BIOLOGJCAL PAPERS A T THE BRITISH 
ASSOCIATION. 

has been the custom for the last few years, a good deal of 
time was devoted to the discussion of topics of general' 
biological ini crest. The subjects selected for these discussions 
were, “The Transmission of Acquired Characters" and “The 
Utility of Specific Characters," which were respectively ojicned 
by Mr. E. B. Poulion, F.R.S., and Prof, Romanes, F.R.S. 
H jicre were also an extremely large number of botanical and 
zoological papers, but no physiological papers, owing to die 
absence of most of the physiologists, who were attending The 
Physiological Congress at Basle. In the following account 
only a few of these papers are abstracted, as it would be im- 
possible to do justice to all in a limited apace. 

Mr. Romanes opened a discussion on specific characters as 
useful and indifferent* The question to be debated was, whether 
aii characters were adaptive, and had been brou;?ht about by 
natural selection, or whether there were not specific characters 
which had no utilitarian significance ? 'Hie naturalists who hold 
the former view were apt to beg the question by assuming that, 
if a given character could not be explained as due to utilitarian 
prinmples, it was simply due to a failure to see the need for it ; 
this way of dealing with the question is really unscientific dog- 
matism, The author had selected pertain groups, and tabulated 
the various specific characters, placing on one side those which 
were coflceivably of advantage, and on the other side those which 
were apparently useless ; the latter were found to preponderate. 
This was especially clear in the coloration of birds i to lake oins 



6i6 


NATURE 


[Oct. 17, 


SdiUnoie^ br«a^ and Abdomen of woodpeekfit« ore variouslf any Oii've inherited/ Th^ evidence fbrauch tranemiinion mtgittt; 
<?«AQttrodi uidyet thebe p tru of tbe body ate babihuHv con- be direct or iadireot ; to former oate^ty woold liiel^ 
smiled ; here It U mO(« difficult to coaceive bow oatural eeleotkin trananiliiblon of motiUtiotie wbMt wooid be iiAdoubtedly im- 
^caa hmee bmt lUe caaoe of tbe^adous modiftcatioAs. It must, pressed m>on the b^videa) body by exteroal iiKItieAcee the 
ia bet, be adm^tbd that caber bdoebces besidee netttiml sebctloii evidence might also be indirect t if it could be shown that 
have M to the prodeetiem of spetMc ebavaotere which are not evointieiri has infpowible without aoee^lnS this prind^ we 
in any way usefat as soch^ ^earnal setoctlon, in the lim place, should have to aseept it, Tim evidence of bsmamjasioO of 
ulthcMgb Mn WaUaoe reieots h, most bs considered as import- mutnationa is not strong, and f^roC Wint^e bps atwiied very 
ijutt. Thew is an enormous amount of evidence that dlUnate-- ; forcibly that monstraelties were due to pecaliarities of m ovum 
os we nMSMsittae a vast wunlMr of ettemal ccmiMiiofn of life— 1 and not to eKtenial forces. The suppom berediiary e{f)^ of 
has a nlnforso mid perouidimiit infUience upon specific dharacters. j use and disase were unffttppotted by any proof that the tnodifica- 
A sulking evidence of ttds induimce U seen in the fknnas of j tbns of organs nSbeted by use or danse had beertmKecomplfttn 
-caves ; heve we see a tow of coloration and other pecaliariUet 1 or more rapid than that of organs not so aflected. . With r^td 
in the most di^reat groups of animals. U has been attempted to hutinct, Dr. Romanes had sugeeWad a diffiouby— that was, 
to explain ^s change as nue to natural selection acting directly { the instinct of certain wasps to wing and pamlyse the nerve 
upon their physiological constitutions, and so indirectly upon | centres of their prey. Bat it must be remembmd that the 
their oolours. This explanation would be reaaooable if only one | benefits arising from tbU instiact were ^tt not by the wasps 
-olam ef animals were concerned ; but to asMOie that repre- ] themselves, but by their progeny. 

-seatadves of the most diverse dassca of animiUi are acted upon The subject was continued by Mr. , Francis OalLoa, who read 
in an ideadcol fashion by natural selection is to assume too a paper entitled, “ Feasible Experiments on the Possibility of 
■much ; the ohat^eii must due to the direct infiuenoe of the transmitting Acquired Habits by means of InberUonce,’* in the 
-enviroament. Weismann's use of ^Vpanmixia,** or negative course of which he said that feasible experiments have yet to he 
natural aeloctiou, lo account for such changes, falls, inasmuch as designed that shall N accepted as crucial tests of the posHibtUly 
it ^ouid also Mlow that the fauna of the deep sea, Which U of a parent transmitting a aptitude to his children, 

exposed to identical conditions as regards darfeoess, and even which he himself |>ossess^, nat cwgwi/i/fy, but merely through 
temperature, i^uld show an absence of coloration ; bat it is long and distasteful practice under some sort of compulsion. The 
fiotorioosthw the reverse is the case. Again, the rabbits of the ret^uiremenu are to eliminate all possibility of ^rental or social 
island of IVsrto Santo, near Madeira, whM are the pfogeny of teaching, to bring up all the descendants in the same way, to 
ra few paift intreittoed in the fifteenth century, diffier is certain make simultaneous experiawnts on many broods during many 
wecttlUritias of coloration which cannot be regarded os adaptive t generations, and, lastly, to economise time, money, and labour. 
in so sWt a time as four years some of utese rabbits, wheu This list of requirements pomes with emphasis to experimenting 
brought to Ei^land, reverted to the original type ; this seems to on creatures that are neared from eggs, as fowls, fishes, end 
lie dm blearest case of the direct induenoe of dim ate. F^>od is moths. The hugely extending practice of hatching eggs 

known to have a direct mfiuence on coloration, but as yet there in incubators finr oommerw purpose^ end the varied aptnuoes 
is not very much definitely known about these influences ; for in- of poultry^ make them very suitable subjecu. Birds are said to 
-statioa, tlk) bullfiach turns black wheu fed upon hempseM, and have an instinctive dread of various insects ; hence mimetic 
'OtkOT birds change |heir colour when fied with esyenne pepper ; insects, that are really good for food, are avoided by them. Do 
xbere can* be no doubt that various substances exist in nature wmch such insects exist, and could they be easily reared, which poultry 

have a similijr direct effect upon the plumage of birds which feed would avoid at first, thoi^b et^rience would soon teach them 

ttpoa them. Isolation is another cause of non-beneficUl change, to like and to eat greedify ? Similarly as regards sounds and 

60 mqoh, then, fi>r specific charaocer.4. If the theory of astural cries, which would frighten at fint, but afterwards be welcomed 

selection is gim as a theory of the origin of species, it m.i4t as signals for food, fire. Would the stocks of two breeds* onv 

tikewiae be good as a theory of the origin of genera; and if of whom adopted such .experiments as these and the other did 

specific diaractem must neoessarily all “uiefiil,’* so muit not, diflferio iiuthuct after many generalions? —The ex- 

^tieric chavactera If the doctrine of utility as universal be c m- periment (quoted by Darwin) of Mdblus with the pike, using a 
.ceded to fail as regards genera and all the higher taxonomic trough of water divided by a glass plate into two compartments, 

diviriotts, it i^peam inOonsistent to maintain that it must neces- in one of which was the pike and in the other were minnows, 

^rily hold as t^arcUs|)ecMe : It U not sapposed to hold as reg^s was mentioned as an example. The pi^ after dashit^^ at the 
varieties. This seems to be a most illogical position, minnows many tim«4, and each time being checkefl and hurt by 

InapapCrontheantherosoldsofCrypiogams, byMr. Alfred W. the glass plate, dttring some woeks, finally abandoned all at- 
Bemtett, the object of the author was to bring out the difference tempts to seize them, so that when the plate was removed the 
Between the two modes in which the ciliated fertilizing organs of p^ never afterwards ventured to attack the minnows. The 
•Cryptogams aw formed, the first type being that whiem occurs in question, then^ wheihet fish veared for somedpaeredons under 
Vascular Cry^ogams, Muscinem, and Characese, the second in conditions which compelled them to adopt habits not conform** 
Algpe {excluding Characeee). The essential character of able to their natures would show any corresponding change of 
iint type is that the antherozoki is formed from the nucleus only instinct. Of Course each generation would be reared m a 
of its mother-caB, the whole of the rest of its prot^laam bdim i^^pxrate tank ftom its parents, Afitrfi^.^EaperimenU hare been 
.oottmEted in rirerievelopu^ of the antherozold. The vibratile tnode for the anCbot oy Mv. Frederk Merrifield with 
<illa which give to the mature antheroznid its power of rapid illMs/rat'ia, which has two broods yearly. They are being made 
movement proceed from a peripheral layer of hyaline protoplasm for quite another purpose, but hare already shown (the ease of 
belonging to the nucleus In ferns and other voscolsa' crypto* breediiig hardy moths on a large scale #hen the art of doing so 
^Mns theee qUla are very Duineroiu, focmi^ a tuft attatfoed to is well ondersSood* All larvis am lautidiotts in theiir di«L but It 
iuoPasderior end of the ahthen^d. The aiRherozoiihi of may weU be thu ceitafo food whkh they woeld obt toackat ficit 
Musoinese (Musci and Kepaiicae) and those of Charaoem have would after a whHe be grepdfly eated, a«d be foimd perfootly 
<»nly two very long and slender cilia attached in the same posi- wholesome. Ez{>erlm«itt8 on the Bnes hare svm^ted ought ip 
tkm. The structure end mode of devefopmem of three organs e^w the proportioA of cases in whteh imuWw Aptltaoel re 
is almost ideatfotU in theee two classes. In the Fttoaoem* on the several kinds are ere khretAed. Trey^ might also, Mtr 

other hand, which may be takenre the hkhest type of Aksc wkb haps, show that in a amalt proportion of cases they 
cifiated antherozedds, the structure of the anthreoeokl ts alto* Thus limks would be fixed wHhin whidh doubt remained 
gather different* D is a naked cell, net inclosed in a oelluioae* missible. The Ofa^ Of this paper is re invhq es^rntti 
walh irich eyfopfosm, oecleiu, ai^ pigment-spot ; the two plba ihe details ol the most af#o|Mifite expetimema 
both spring from a spot in dose .proximity to the eye-spoti, aV Trof. F. O. Bower read a paper oh the orerktremi of fores aC 
though one of them is actadoed to the body of the ai^hiworeid a eAbdy in pkyiogeny* The amhor hse foetid at the resvd# pi 
for a portion of its iengtla The importance of the above examtiiatimi of the i^revfot points of rodb stem, leaf, and ed^lhe 
was pointed out |a support oi the view that the Omimeew ape sporeugfom In a otMildervAfo trnmm foresn that 
snore nerekv^uMfo the Mareuwmthire to Ore true Am tieh of foiiretttre^ fbfoaa jfotwNd 

Mr, Pomtod read a paper On the Supposed TrausaMSBioo of starting from the filmy foms^ which are lire sfosplretf affd 
A^mkred Chavaeters.’’ The posftioQ taken up fay WeUmatnn is deeding thtauifo rifo Mypmreiem and Owmmdeeare 
that eequked characters, characrers produced fay the itt*^ M^Sas r fo im Iforeir the whede street^ 

«^dence of eidereal forces upon the tnlividual b:fjy are not fo wcli as bf the mature of^gma of t|;te Is bvdhy^bii) 
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auumlve, a charactn in^hich i« well suited to growth in subaerial 
tMd Atf tittuitiom ; while ut the former the whole stmctore is 
T^tiirehr delicate^ amS less complex, and suited rather to tx seb^ 
tquatk nahitat. A paratlel pro(rrci$ion from the simpler to the 


tquatk nahitat. A parallel progreasion from the simpler to the j 
more complex is to he traced aUo in the prothaUus or oophyte ^ 
of these planta, and the geoeral conclusion is dtawn from these 
ohaervatioos that the series of the Filicione iUustrates-^nerhaps 
more eteariy than any other phyhim--the rise of a race of plants 
from the atjuatic to the subaerial habit. Nevertheless th^ still j 
retain in the mode of fertilization the trace of the aquatic habit, 
which la only lost in the higher Phanerogamic plants, where the 
poUen*tube renders uimecesaary the presence of fluid water at the 
moment of fertilization. 

The paper by Prof. Hartog, on Ihe structure of 
contain^ an account of the xtrocture of the nucleus and 
of its divixion, and also of some remarkable facts conceming 
fertilization ; careful observation showed that nothing whatever 
passed from the nntheridium into the oosphere or the oospor- 
angium during fertilization. 

in the paper entitled Contributions to our Knowledge of the 
P'resh- Water Oligochaeta,'* by Mr. F. E. Ileddard, tM most 
important new point was (be description of the sexual organs 
of JJfiv, which have not yet been deacribeil ; they were slated 
to agree entirely with those of JVaiSf except that there wete no 
genital seta*. 

Mr. Robert Irvine and Dr. G. Rims Woodhead, in ihetr 
paper on the secretion of carlronate of lime by animals, 
stated that bens supplied with any salt of lime produce normal j 
egg-shells composed of carlx>nate of lime. They cannot make ; 
shells from ma^csium or strontium carbonate. Crustacea, such ! 
as cral)ft, cannot assimilate sulphate of lime from the sea- water | 
to form their exo-skeleton. They can form their .shells from : 
calcium chloride, In the egg-shell, the organic and inorganic 1 
material art both secreted by celts separated from the epithelial ! 
cells. In the crab-shell, the organic material (chiiin) remains : 
attached to the epithelial celts, ami in this the lime salts are | 
depositcrl, pr ibobly by a process of dialysis, while in the case of j 
bone, the cells are not epitbetial in character, the matrix, 1 
though separate, U closely associated with the cells, especially ] 
during its formatton, and the lime is deposited in the matrix, ! 
appareiuly by a process of dial^s. Phosphoric acid, combined 
with alkalies and alkaline earths, acts as tne carrier of the hme 
salt to the secreting cells. Whife in (he blood, the lime salt is 
as a phosphate, it may be thrown out mostly a< carbonate on 
meeting nascent carbonic acid at the secret tug cells. Lime 
salts,, <» whatever form, are deposited only in vitally maciive 
tissue, »ucb as bone matrix, chiiin^ or tissues that have under- 
gone degciieraiion. Ahhoujjh the tissue be dead, deposition 
may go on. Carbonate of Imie may be formed in sea-water as 
follows : the carbonate of ammonia poduced by the dttconn]K>$i- 
tion of the effete products of animals, urea« 4cc., docomp^s a 
portion of the sulphalc of lime in the sea- water with the forma- 
tion of carbonate of lime equivalent in amount to the carbonate 
of ammonia thus formed. 

Sir John Lubbock read a paper on (be shape of the oak deaf 
and ttee leaves of the CueMcr roses. The leaf of the evergreen 
oak is small in comparison with that of the English oak, and its 
ihargfo is entire. Uuriag winter the leaf is protected by scales, 
wfaidi are not proportionately larger in the Eiwlish oak ; hence 
the must ik more folded in the bud, and the pepuliar shape 
of t))e iaqf be shown by models bo he dna to the shortness 
of the him fo comparison with the kngth of the leaf ; moreover, 
the two 4des of the leal are diirastly curved, henoe the asym- 
metry. With rqgard to the Gualdar roacs, thm are two species 
In this country wnicli have very dissimilar leaves : in one form 
they are oval and very hairy when you«tg ; in the other they are 
triloba^, smoerth. and furnished with a^palm. In the former 
the hairy .poveri^ protects the yaapg leaves^ hut in the 
:^tr the outer leaves become tot^ and foatlteryi a^ encircle 
asnl t’roteet the yoongcT leaves; ibis hehMsaJmeta close fkick- 
% of the yewag leaves, which are fiMm eo » ip he mowed 
hmy m a small space ; hence their tfidd tomu The prasenee of 
w tHways assotiafcd with a lobad form of the kaf> and 
appaVehlty assume their thread-Uke form to fill tfpa i^ce 
VWch would otherwise be Isifi empty in the hod. 

. The G^eet of the paper on the ^oeatatioh of the dngoiigt 
te iillr W« Turner, was to pat on Teeosd tiie foot that ihe 
of the dugonif is senary and Aifi>»«d4oidhafo ; k di^un, 
pini^ the elephant^ and in the 


LTAWMI^S/TV ylNn EDUCATIONAL 
INTELLIGENCE, 

OXFOKTX — Tbe (ummary staUment of lectures delivcrc<T 
during the past yw shows that about ninety-five courses of lec- 
tures hove been given in the subjects of the Faculty of Natural 
Science. 

We may note the foUowirg among the lectures announced for 
this term 

Prof. Sylvester will lecture on the res<)Iution in integero 
of systems of linear equations vith rational coefheienifi, and 
will reproduce an unpublhhed course of lectures given at 
Kmg*B CoUege in 1869, on the relation of the theory of com- 
jxnmd pariilioDs of numbers to certain geometrical theories. 
Prof. Pritchard will lecture on planetary theory and on the 
Constellations. 

Prof. Clifton, msmetism ; Mr. Selby, the mathematical theory 
of electrostatics ana magnetism. 

Prof. Odling, diacidic olefine acids. 

Prof. Green, at nu {graphical geology and physical geology ; 
Mr. Badger, palwontolof^. 

Prof, liurclon Sanderson is unfortunately prevented from lec- 
turing by serious illness, and Mr. Goich and Dr. Haldane will 
lecture for him. 

Dr. Tylor lectures on the development of religions, and Mr. 
Mackinder on the physical geography of the British Islands. 

In the Medical Faculty, Mr, Thomson lectures on oateologv,. 
Dr. Collier on tbe methods of diagnosing distase of the henrtr 
and Mr. Morgan on clinical surgery. 

Scholarships and Exhibitions in Natural Science arc offered 
for competition l>efore Christinas by Balliol, Christ Church, and 
Trinity, and by Keble College. 

Cambridge — The Vice-Chancellor (Dr. Scarle), in laying^ 
down his office, w^as able to relate that the cxtcutors of Mr. 
New all had agreed to the conditions proposed to be made by 
the Senate as to the great telescope to be given to the Univer- 
sity. The expeiise of transit, re -erection, and permanent work 
in promotion of stellar physics will be considerable. 

The election of Mr. jenkinson as Librarian gives the Univer- 
sity an official who, in addition to his well-known classical and 
literary accomplishments, has no mean scientific qualificatioiiB. 
He was for some time Curator in Zoology, und is a mrniher of 
(he Botanic Gardens Syndicate and of the Councii of the Cnm- 
V>ridee Amiquajian Society. Men of science cannot regret Mr. 
Clark’s retirement from the contest, for he literally could not be 
spared from the Museums, though otherwise highly qualified for 
the librariaoship. 

There are very few new features in the science lectures this 
terra. The list is, ijfi anything, slightly longer, and would fill t wo- 
of our pages ; there is uoihirg in it calling for f]'£cial 
comment. 

I SCIENTIFIC SERIALS, 

' Thf. Amtrkan Aletton^hgkal y&unmi for September con- 

tains (I) an article by Prof H. A. Horen on cloud formation. 

, The author considers that theories of storm generation and cloud 
! formation ore uosaiisfnctory. He has made a number of ex- 
; i^riments, both with dry and damp air, on the formation of 
I cloud by the cooling produced by exhaustion, the result being 
; that he finds the amount of Ihe latter to be only about one fourtb 
; of what theory would indicate. Tbe results obtained with dry 
i and moist air were almost exactly the same, (a) Slate torpedo 
! charts for Alabama and Ohio, by Lieutaaont Finley. (3) An 
I article on the verification of weather forecasts, by II. Helm 
I Clayton. He points out that all the methods adapted admit of 
‘ eonsidenMe fotitixie m interoretmg phenomena, sothat the aame 
1 forecesta, when verified by different pecaoBS, may differ widely as 
; to the pmeniogo of success, and he suggests an anangement 
‘ whidi may be applied to areas as well as to single stotioos, and 
mhkdx, « the same time, might be usefol in slodyihg the relative 
feeqneney gtf wch (4) The distribuiion of wind 

velocities in the United States, by Dr. F. Waldo, deduced from 
Ihe record-* of tbe teirrecordiog anemometers ai the stations of 
the Signal Service. In this article, w hlch is unfinished, the author 
deals exoHislvely with the values of the constants derived from 
various anemosaetiical experimenis to Germany and RuBaio. 

The SAtst^riff for September 1889 contama 

a diseuasioni by Dr. J. Hoim, of Parts iv. otwl v, of Contribu- 
fiow to car KncwCdge of the Meteorology of the Arctic 
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Hegionftf” Utely publUhed hf the MeteQP^lpgical Ciwcil 
(»ee NaturEi voK XKXvUi. p. 615). He faUv mQgpues t^VaJUe 
t)f thU work, and tha importance of a almUat discussion df the 
observations diUected daring later exMditiOna Dr. J. M. 
Pernter contributes an epitome of the Report of the Krakatao 
Committee of the Royai Society. Among the smaiier ^‘com- 
munications may be mentions (1) the description of a nea* 
registering appvatas for rainfall and ivind, with electrical con> 
Aections, in which the inBuenpe of tm elements themselves is 
made to move the paper formi and the clock to record the 
tndications, instead of the nsuai plan of the clock moving the 
47aper (the principles of such an instrument were also referred 
io in x\it Z^ii^cknfi /iir /ns^nfmenUHJ!;t^ft{iet 1882, p. 206, and 
48S4, p. 300) ; (2) a note by Dr. Kdppen, on the construction of 
isobars reduced to the level of 2500 metres, instead of to sea- 
Jevel (the proposed plan is especially intended for use over 
large areas, where the differences of pressure and the altitudes 
of tbe stations are considerable, at, for instance, in Austria). 


SOCIETIES AMD ACADEMIES, 

Paris. 

Academy of Sciences, October 7.— M. Des Cloizeaux, 
President, in the chair.— ^Complement to the theory of thin 
weirs extending throughout the breadth of the bed of a waier- 
oourse ; approximate calculation, for depressed sheds, of the 
non-pressure at their .lower face, according to the elevation of 
the surface down-stileam, 1 >y M. J. Boussinesq. — New observa- 
tions on the reciprocal displacements between oxygen and the 
halogens, by M. Benhelot. Fuming hydrochloric acid, in con- 
tact with air, does not yield chlorine, even after prolonged 
'exposure to sunlight ; but the addition of certain metallic chlorides 
(especially mapganous chloride) causes it to react with oxygen, 
forming chlorine and water. This change is due to the forma- 
tion and decomposition of a perchloridc of mai^nese. Its 
bearing on thermo-chemtcal theory is pointed out. — On Raffinose, 
by the same. He describes a new nydnite, got by crystallixa- 
tion from aqueous alcohol, the formula being . dHpO 

(the former one had SHjO). Rafhnosc ferments wholly, with 
good beer-yea^t. But with weak baker’s yeast, the process 
stops, ailer forty-eight hours, when about a third has been 
nf^ted. The raffinose seems to be broken up into a glucose, 
which ferments and disappears, leaving eitlier a second sugar 
of the saccharose family, with a certain reducing power, or a 
mixture of two glucoses (one reducing),— Effects of an intcr- 
mifctenl wind id soaring, by M. Marcy. A ball let off at the 
top of a board with idnuous profile, and descending series of 
heights, surmouou all those heights by gravity. Let off from 
the low^t height, it may be got back to the highest, if, each 
time it is rising, the board be jerked horizontally in the oppo- 
site dircctioD, This experiment, suggested by M. Bazin, is 
applied to the case of the bird ; an intermittent wind, acting 
as the bird rises, may enable it to gain height after each descent. 
(The movemenu of the ball M. Marey represents by photo- 
chronography.)— On transformism in micro-biology ; limits, 
conditions, and consequences of the variability of BaciUus an- 
4 hracis; researches on descendant or retrograde variability, 
by M. A. Chauveau. By continuous action of compressed 
oxygen on the Bacillus^ one can obtain lets and less resistant 
races or types, especially sensitive to the action of the attenuating 
nnnt, till at length they ore found unable to vegetate in contact 
vmh it. Up to this limit, however, the B<iciUm is pathogenic. 
It loses virulence, but keeps the vaccinal property throughout its 
existence. These new characters may be easily maintained by 
cultivation. And these special types of the Bacillus perhaps 
exist in nature.— On the invarianu of certain differentlol^equa- 
tions and on their appUofttions, by M. R. LiouvlUe.— Determina- 
tion of the differenot of longitude between Paris and Madrid ; 
on intematiopnl resemth, carried out by MM. Esteban and Bassot. 
In 1863, MM. Le Verrier and Aguilar determined this difference 
indirectly, by meaauring those between Paris and Biarritz, and 
Biarritz and Madrid, A direct determination was very desirable 
for geodetic purposes $ and this, made with Brunner's portable 
fneridion t^es^ and eomporison of pendulums by chrono- 
graphk: hticriptlon of teiograpH sigoalu (without relays) yields 
Ore value 34m. d*oos. as o^nst 6‘o8s. (Le Verrier).— On 
surfitnes of which the ^ may be bronght In various ways to the 
type of LionviUe, by % G- )RkJetti«.--* 9 y«th«si« of some oxy- 
genoted Selehihm compounds, in top aromatic series, V M. 
Chabri^.— Researches on hmhsol, by M, Msquenne. l^bts sub- 


stance, obtained by Stenhouse from seaweed, proves to be a 
mixture of fiirfurot (10 parts) and methylfurfurol (1 part); the 
name should therefore be given up.— On the physiolo^ of the 
trachea, by M. Nicaise. In normal, calm respiration, the 
trachea remains contracted, vdth unvarying diameter, the ends 
of the rings nearly in contact, also the borders. In strong 
respiration (shouting* singing, [StcA the trachea dilates luia 
elongates in respiration, (he larynx rising ; the reverse occurs in 
inspiration. He succe^ed in registering these rhythmic tnove^ 
ments. The dilatation is greatest at the upper part ; it is per- 
mitted by the membranous portion, and is due to medtianical 
pressure of air. Compression of air by Che dilated trachea plays 
an important part in singing, &c —On the pathology of nerve- 
terminations of muscles of animals and of man, by MM. Babes 
and Marinesco. By a new colouring method, they are able to 
follow the minute structure, and its alterations in atrophy, hyper- 
trophy, segmentation, &c.— On a new ProUromouas^ by M. J. 
Kunstler. This, found in the gray lizard of Gascony, is of S 
shape, and has a very long flagellum, two to five times as long 
as the body, starting usually from a globular enlargement. The 
name proposed is P. dolickomastix. — On the presence of pectic 
compounas in plants, by M. L. Mangin. These substances, he 
finds, play an important, if not preponderating rMc in the forma- 
tion and growth of membrane ; and he indicates methods of 
detecting their presence. 
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JAMES PRESCOTT JOULE. 

T hroughout the world of science there has spread 
a feeling of profound regret at the death of Mr. 
Joule, which was announced a week ago in the columns 
of Nature. On the evening of the itth of this month 
he passed away at his residence in Wardle Street, Sale, 
near Manchester. For many years past he was in very 
feeble health. Indeed, as long ago as 1872 it was known 
publicly that he was far from strong. In that year he 
was Presidenti^ect of the British Association, but before 
the time of the autumn meeting he was obliged to relin- 
quish the honour on account of physical weakness ; and 
Prof. Williamson was called upon to occupy the position. 
In recent years Mr. Joule was living in complete re- 
tirement, carrying on, so far as his health would permit, 
such observations and experiments as could con- 
ducted without bodily fatigue ; and during this period be 
was able to edit with occasional brief notes, the two 
volumes of his collected papers which have ^en pub- 
lished by the Physical Society of London. The first of 
these important volumes appeared in 1884, and was 
noticed in Nature (vol. xxx. p. 27). The second was 
puUished in 1887 (see Nature, vol. xxxv, p. 461}, and 
contained the papers which Joule wrote jointly with Dr, 
Scoresbyi Sir Lyon Playfair, and Sir William Thomson, 
At the end of the latter volume there is a list of no less 
than 115 contributions to the various scientific societies 
and journals which were enriched by communications from 
his pen, The papers of Joule are remarkable in form as 
they are in substance. Of mathematics there is scarcely a 
line ; but they are models of clearness, of depth, and of 
penetration into the hidden things of Nature ; and the 
mathematician finds the experimental results stated and 
arranged in such a manner as to lend themselves readily 
to representation in mathematical symbols. Of experi- 
menting he was a perfect master*— full elegant device, 

and clear in mind as to points of difrxculty and places 
where error might creep in. That which, in the hands 
of almost anyone else, would have proved tqo difficult to 
lead to a trustworthy conclusion, in his hands was often 
made to yield an important law or generalization, or to 
afford an accurate numerical result. 

In Nature (vol. xxvi. p, 617) there appeared a bio- 
graphical sketch of Mr. Joule ; a few words may, how- 
ever, be permitted here, in order to fulfil out duty to one 
of the greatest scientific leaders of the present century. 

Hi$ work, taken as a whole, and without considering 
the relative importance to phyrical discoveries— that is to 
judged by the originality of the o^*ects, and the 
meaaa anployedi the philosophic direction, the patient 
mi persevering labour, and the results obtained— would 
be as to place him in the front rank of philosophers. 
^ dceount be taken of the importance and generality of 
bta discoveries, as shown by their influence on the philo- 
sophical thon^ and material progeny of , the world, 
as tbp, discoverer of the law that ener^ is in 
btune deipiee as tedesbwe^ and uncreatable as 
iiphtter^ it b NevrWtt hW Dalton that ;he finds his 


The law of the conservation of energy, which in all 
schools of science, even ne most elementary, is now 
taught as the foundation of each and all the branches of 
physical science-mechanics, physics, and chemistry— 
was, in 1841, as, far from recognition as at any time since the 
discoveries of Newton had shown that, in their observed 
motions, the heavenly bodies strictly obeyed the laws of 
motion. The properfies of friction, internal and external, 
with which it was found necessary to endow terrestrial 
material, and which properties were apparently nothing 
less than those of destroying energy, were still as far 
from explanation as the property of gravitation itself ; 
while the continued production in the steam-engine of 
energy from the same material by the agency of heat, 
without any consumption of heat, as was then not only 
supposed, but counted as proved by the equality of the 
heat received from the boiler and discharged into the 
condenser, showed apparently nothing less than the 
creation of energy. 

The study of beat which had taken place in the mean- 
time had done nothing to remove these difficulties, for 
the observed fact that beat was susceptible of quantitative 
measurement, independent of temperature, had led to 
the hypothesis that heat was an imponderable substance 
— “ caloric ” — capable of penetrating matter and altering 
its temperature and state, but neither creatable nor de- 
structible. The discoveries of electric phenomena tended 
to strengthen the caloric hypothesis by affording another 
imponderable substance. Nor was it only such difficulties 
in the way of the acceptance of the conservation of 
energy which kept back its discovery. 

Energy, as a measure of mechanical potency, had 
never assumed a prominent place in mechanical philo- 
sophy, while the action by which it is converted into 
motion against resistance, had scarcely been recognized 
as a general measure of mechanical action, so that when, 
as continually happened, the idea of heat being a me- 
chanical action thrust itself forward, there was no distinct 
measure of mechanical action at hand in which to gauge 
the equivalent. 

Outside the schools of mechanical philosophy engineers 
engaged in constructing and using the steam-engine had 
long been led to recognize motion against resistance 
as the mechanical and commercial measure of potency. 
Under the names “ work and “ accumulated work,” these 
men had become familiar with what are now known as 
work and energy (actual and potential). It may be 
noticed that Rumfbrd first recognized the tnic nature of 
the relation between heat and mechanical action by 
observing that two horses working steadily produced 
heat at a steady rate, but he did not reduce his results 
further; while Joule was so familiar with the action work, 
that he never hesitated as to the nature of the relation. 

It is true that at the time when Joule commenced his 
work, not only had mechanical philosophy, as applied to 
astronomy and such abstractions as frictionless and per- 
fectly elastic matter, reached to nearly its highest level, 
but the other branches of physical science, studied in- 
dependently, were fast approaching their present stages. 
Dalton '9 discoveries of chemical equivalents had been 
made thirty years before, and chemistry had been 
advancing by leaps and bounds. The phenomena of 
electricity had been subject to the masterly handling of 
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F^aday. The law of the motion of lafeat feadf oht only 
been eafterimentally determined^ tbeo- 

teticaHy discussed by Fourier^ " 

elementary boidilBs, as well as in com^ 
bination, bad to some extent Pulong. 

And tbe law connecting the cjuaiiti^>f^ectric»ty pro- 
duced voltaic batteries with the ^ndmber ()f chemical 
eiemexi^o sejparated, had been disco vt^ed by Faraday. 
So far, towever, these various brah^lfe Of physics and 
chemistry had been subjects of separate and distinct 
study. No suggestion of equivalence had been made 
between the heat of combination of the elements and the 
electric current that would be produced by the same 
combination effected in the battery*. That heat was 
developed in conductors by electric currents was known, 
but again there had been no suggestion of an equivalence 
between the heat and the resistance overcome. What 
are now known as the dynamo and motor had been 
invented by Sturgeon, showing that work could be done 
by the agency of electricity and electric separation effected 
by the agency of work, but again no equivalence between 
the amount of work and the energy of combination of 
the element in the battery had been surmised. 

It was for Joule not only to suggest all these equiva* 
lences, but to experimentally determine all their numerical 
values ^ before he came to the equivalence of the work * 
spent in overcoming ffuid, or solid, friction and the heat 
prbduced ; and, again, between the work spent in com- 
pressing air and the heat produced. 

The discovery of the mechanical equivalent of heat, 
important as it is, is but a poor expression for the outcome 
of this work, in which Joule converted what had till 
then seemed unquestionable cases of the destruction of 
energy into the most striking cases of its indestructibility. 
And ahjiough he propounded no theory, but simply 
declared! himself to have believed in the indestructibility 
of vfr-wva, or living force, he had, in the trqest sense of 
the word, discovered the universal law that energy is in- 
destructible and uncreatablc. As Joule’s work came to be 
apprehended, this law became accepted as its natural con- 
sequence in greater and greater significance, until now it 
stands the most general recognised law in the universe ; 
relating not only to all matter but also the medium of 
space, which is thus found to possess the mechanical 
properties of matter and to be subject to the laws, of 
motion. 

The discovery of this law, bringing as it does the several 
branches of physical science into the domain of mechani- 
cal philosoi^y, htly crowned all the work In physical 
sci&ce of the previous ^50 years, of which it was the 
result. It also opened out a fresh platform for farther 
discoverics—a platform which was immediately occupied in 
the erection of the compound sciences of thermodynamics, 
electrodynamics, and the dynamical theory of gases. 

Joule was never prominently brforc the public. Ready 
to give himself with absolute devotion to the cause ^ 
science and the advancejnent of human knowledge, he 
yet preferr^ retireomnt and the calm labour of his 
laboratory to the excitement of public lectures and de- 
monstrations. While he was keenly alive to the sym- 
pathy of friends, yet he worked fcr the most part alone, 


or in conjunction with one or other of the friends men- 
tioned in the earlier part of thU hbtice. He sought not 
at all for fame, but <mly for truth. 

And yet honours in plenty came to him. ,He received 
honorary degrees from the most important Universities i 
he was honorary Fellow of many learned Societies 
at home and abroad. He was a Fellow of the Royal 
Society, and received from it the Gold Royal Medal in , 
1852, and the Copley Gold Medal in 1870. The Albert 
Medal of the Society of Arts was delivered to him from 
the hands of the Prince of Wales in 1880. In 1878 he 
received a letter from Lord Beaconsheld, announcing 
that the Queen had been pleased to grant him a 
pension of /200 per anttum. This recognition by his 
country of his life of scientific labour was a subject of 
much gratification to Mr. Joule. 

Special reference may be made to his connection with 
the Literary and Philosophical Society of Manchester. 
This commencing, as it practically did, at the age of fif- 
teen, when he studied chemistry under Dalton in the 
rooms of the Society, continuing, by the most regular 
attendance at all the meetings, so long as his health per- 
mitted, and practically terminating with his death, must 
have been one of the most important circumstances of 
his life. Elected a member in the year of his greatest 
discoveries, 1842, he was Secretary in 1846, Vice-President 
in 1850, which office he held till his death, except during 
the ten years when he was President. He took the 
greatest interest in the welfare of the Society, and secured 
not only the veneration but love of all the members* 

A man of science who left so deep a mark on his age 
ought to have been buried in Westminster Abbey, but 
unfortunately the necessary application could not be made, 
in consequence of the delay in the public announcement 
of his death. Prof. Osborne Reynolds, President of the 
Manchester Literary and Philosophical Society, has 
written to the Tsm^s urging that a monument should be 
erected in tl^e Abbey, and that steps should immediatdy 
be taken to obtain, if possible, the consent of the Dean. 
This suggestion ought to meet with cordial and unanimous 
approval. Joule's name is one of which Englishmen may 
justly be proud> and the erection of a memument in West- 
minster Abbey would be the most fitting way in which 
they could express their appreciation of the splendour of 
his contributions to science. 


LIFE OF SIR WILLIAM ROWAN 
HAMILTON 

Life of Sir WilUam Hamilim. By Rdsett 

Percival Graves, M.A. Vol III. "Dublin Universi^ 
Press Series.'’ (Dublin : Hodges, Figgis, and Co. 
1889.) 

A t last the third and final volume of Gtavet’te * 
of Sit William Rowan Hamilton has seen 
light Xtwasourifieasurelnfi>rinertmmbets of 
(yols. xxviii, p. r, and tipdl p. 619} to have reviewed 
two earlier volumes, and we have now to icxmgmtulaee the 
University of Dublin on cOfn^letion of ade^ttWle 
biography of the meet Uluatrious stndiwV tlmt 
issued itckn its haUs. This ptesent ^ef 

are now to speak> is as potily as 
contains not less than ^and; % , 
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of the work U the correspondence between 
HainUton and De Mor^n^ which occupies more than 
half of the entire hulk* 

/The two earlier volumes described the career of 
Hamilton up to the year 1854. The great mathematician 
was then forty-eight years old, and the first of his two 
stupendous books on quaternions had been Just published 
for the admiration and astonishment of the scientific 
world. 

The abundant recognitions of the epoch-marking nature 
of this work were naturally extremely gratifying to its 
author. From numerous scientific Societies at home and 
abroad honourable distinctions poured in upon him. But 
we can readily comprehend the biographer when he tells 
us that Hamilton specially prized the tributes from such 
friendly and competent Judges as Sir John Herschel and 
a few others of similar calibre. 

It must, however, be recorded that those who expressed, 
and no doubt felt such admiration for the book had not 
always, as they themselves admitted, any very complete 
acquaintance with the subject. Herschel, for instance, 
says : — 

“ 1 got through the first three chapters of it with a 
much clearer perception of meaning than when 1 attacked 
it some three or four years back, but I was again obliged 
to give it up in despair.” 

Even though Hamilton and his intimate friend De 
Morgan corresponded for twenty-five years — even though 
De Morgan was himself a capable mathematician, whose 
labours led him in some degree towards the same line 
of investigation from which quaternions originated— 
yet be never succeeded in obtaining a competent ac- 
quaintance with Hamilton's theory. Most scientific men 
were apt to feel contented if they knew enough to make 
them reverence the awful volume which every mathe- 
matician likes to see on his shelves, but which tvte 
generally find that he likes to leave there. 

It must be admitted that the hopes which Hamilton 
entertained as to the utility of quaternions as a mathe- 
matical calculus have not yet been fully realized. It seems 
to be the essence of modern mathematics that it should 
partake 6f the nature of exploration. For the furtherance 
of many departments of mathematics which are now 
ardently cultivated, a general and all-embracing calculus 
is not found so useful as are especial methods particularly 
contrived to the subject in hand. We may cite as an 
example of what we mean Klein's lectures on the 
Ikosabedron, which were so admirably reviewed in a 
recent number of NATUkK (May 9, p. 35). The theory 
h^e invotved may be regarded as typical of all that is 
best in modem mathematics ; yet the methods which 
have been adopted are not those of any comprehensive 
cf^uHus like quaternions ; they are processes and lines of 
#i^sbhin|^ which imturaUy arise from the special character 
of the subject^ atid the same may be said with regard to 
other bwebts of niathemadimlrea^ Of course every- 

^ hdmits the magnificence of quaternions viewed as a 
It is indeed ^a tract of beautiful 
rwmohi that we have 

ir wold seem that up m the present, at 
Whldb that 

UB04 by mathematicians as 


As to the value af quaternions we quote the following 
words of JProftly^^ occur in the preface of his 

wel^kn6iyn „lW|^«^ the l^ubject, for probably there is 
no other living who'could speak with equal 

authority.;-^,' ’ T, , 

“The examples I have given, though not 

specially chosen . SO as to display the full merits of 
quaternions, Will y^ sufficiently show their admirable 
simplicity and natur^bess to induce the reader to attack 
the lectures and the elements ; where he will find, In 
profusion, stores of valuable results, and of elegant yet 
powerful analytical investigations, such as are contained 
in the writings of but a very few of the greatest mathe- 
maticians." 

The extraordinarily laborious habits of Hamilton are 
constantly referred to in this volume. He frequently 
speaks of working for twelve consecutive hours at mathe- 
matical research, aitfi when immersed in these trances of 
discovery his regular meal hours were forgotten, and, 
unfortunately, he used to resort unduly to alcoholic 
stimulant. His relaxations, such as they were, may be 
conjectured from the following paragraph (p. 186) from 
a letter addressed to Dr. (now Sir Andrew) Hart by 
Hamilton the year before he died : — 

“ The fact is, that one of my early tastes was for 
metaphysics, and something has lately occurred to revive 
it Another was for Eastern languages, and 1 chanced 
yesterday to light on the first sheet of a ' Persian grammar ' 
written by myself forty years ago. These things, with others, 
may occasionally relax the bow — se^nper tendit* 
but ' many tastes one j)Ower/ and my only power is 
mathematics.” 

As we have already stated, both the study of poetry and 
the writing of poetry were favourite recreations with 
Hamilton ; and as this subject is so frequently mentioned 
in these volumes it may be well to mention what the 
biographer— himself .an excellent judge— records on the 
matter (p. 1 2 80 

“ I will not here refrain from stating my own opinion, 
strengthened by that of friends specially competent to 
judge, that Hamilton's poems have, both in their diction 
and in their matter, qualities of enduring value ; that, 
speaking generally, they are and will always be felt to be 
fresh, graceful, fervid expressions of states of feeling 
and thought, interesting in themselves and possessing a 
heightened interest from their being the heart's utterances 
of a man of gigantic mathematical powers and of strong 
and deep affections ; and a few of them, it may be added, 
are so happy in thought and expression as to claim their 
place in the poetry of his country.” 

The closing years of Hamilton’s life were spent in the 
preparation and the passing through the press of his second 
great volume, “ The Elements of Quaternions.” In the 
summer of 1865, his stupendous labours had at last 
reached their termination. His health, which had for 
long been foiling, now gave way, and at last, from a 
complication of ailments, which included gout and 
bronchitis, he died on the and of September, 1865. 

An interesting chapter on the ** characterixations " of 
Hamilton and his work closes the biographical part of the 
volume. A letter from Prof, De Morgan to Lady 
Haauiltott (p. 315) conuins the following passage 

“1 have called him one of my dearest friends ; for I 
knew not how much longer than twenty-five years we 
have bben in intimate correspondence of most friendly 
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$grem$nt or dlsagreoinent, of most cordial interest in 
each otl^f and yet we did not know each other’s faces. 
1 met him about 1850 at Babbage’s bre^ast-tablei and 
there for the tmly time in our lives we cob^sed. I saw 
him a loi^ way off at the dinner given to Herschel about 
1838, on his return from the Ca^, and there we were not 
near enough, nor on that crowded day could we get near 
enough ^ exchange a word ; and this is ah I ever saw, 
and, so it has pleased God, all I shall see in this world, 
of a man whose friendly communications were among 
my greatest social enjoyments and greatest intellectu^ 
treats*” 

Hamilton was scrupulously sensitive about the feelings 
of others, and in his scientific work he took the most 
elaborate precautions that every particle of credit should 
be duly assigned to every mathematician whose labours 
had in the minutest extent anticipated his own, He had 
high personal courage and a keen sense of honour. It 
is recorded that he sent a hostile message to one who 
had challenged his veracity, and a due apology was 
exacted. The only approach that Hamilton ever had to 
a controversy about priority arose in the case of the dis- 
covery of conical refraction. MacCullagh put forward a 
claim to have virtually anticipated Hamilton. The sound 
judgment and lofty sense of right which were so charac* 
teristic of Humphrey Lloyd here averted what would have 
been an unpleasant dispute, and MacCullagh withdrew his 
pretension. • 

De Morgan says that in Hamilton’s youth he used to 
be styled among his playmates the defender of the 
absent,” and from the same source we learn 

** He relished the extremes both of simplicity and 
splendour ; though in hU own habits and manners as plain 
as possible, he thought much of the comforts of others 
and lightly of his own. When some housebreakers were 
caught on the premia and detained until they could be 
carried before a maglatrate, he amused his family by 
directing that the fellows should be asked whether they 
preferred tea or milk for breakfast. A full memoir of his 
private and public life would present a genial combination 
of intellectual greatness, moral goodness, and piquant 
peculiarity of thought and manner, all brightens by 
never-ceasing benevolence of feeling, and toned by rare 
gentleness of manner.” 

Hamilton has left behind him an enormous bulk of 
manuscripts, of which not less than sixty great volumes 
have been deposited in the College Librar)% There are 
also many other papers unpublished, as, for instance, a 
stupendous letter to Dr. Hart, which contained about 240 
large folio pages and a postscript of 60 additional. 

The distinctive feature of this third volume of his life U 
the De Morgan correspondence, which, like the corre- 
spondence between Bessel and Olbers, will retain a per- 
manent value. The opening letter of the series is from De 
Moigan, on May 8 , in which he says ; I hardly know 

whe&er you rememb^ that we made a little personal 
acquaintance some twelve years ago, when you were in 
London.” The last is idso from De Morgan, and the date 
February 5, 1865, rdative to an application for a pension 
for the widow of the late Prof Boole- 

The correspondence, thot^b largely on matters.mathe- 
macical, ranges over a multitude of topics, classical and 
literary^ logiOal and metaphysical, humorous and do- 
mestic. It aometimes j^ces at theology, occasionalty 
ctmdescends to lefsr to a practical question like Uie 


decimal system, but is almost wholly firee hropi any rdeer 
ence to what are now generally Imown as the experi- 
mental or natural sciences, tbou^ we do Indeed re^ of 
an electro-magnetic quaternion. From such an astound- 
ing mass of 400 pages it is difficult to cull passages wh>dh 
shall be regarded a^ samples. The collection is tbo 
heterogeneous to admit of such a process. It is, however, 
impossible not to feel how admirably the biographer has 
accomplished this part of his task. He has extracted 
from a mighty bulk of correspondence a collection so 
interesting that, after reading them through, we do not see 
any which we could wish to have been omitted. 

. It was three years after the interchange of letters had 
begun, and when Hamilton was thirty-nine years old, 
that De Morgan writes (p. 258) 

“I hope you are well, and taking care of yourself. 
Nobody gives you a good character in the second 
particular. 

“The Astronomer-Royal in this country always lays 
down his work the moment he feels wrong, and plays 
till he feels right again. You have too much of our stock 
of science invested in your head to be allowed to commit 
waste. You are only tenant for life, and posterity has 
the reversion ; and I don’t see why you should not be 
compelled to keep yourself in repair.” 


Traditions of the state of Hamilton’s study are still 
current The awful masses of books and papers accu- 
mulated on the floor to such an extent that a lane had to 
be preserved for the perambulations of the Professor, who 
did much of his work standing at a blackboard, or walk- 
ing up and down. Thus we can understand him writing 
to De Morgan on October 3, 1849 (P» 379 ) • — 

" If I lay a letter out of my hands for a few hours, 
without answering it, 1 am sure to find that it has been 
swept away and covered up, for the time, by the Charyb- 
dis of my other papers. No doubt, every such missing 
treasure may be expected, at some future time, to emerge 
to view, and then be suddenly seised, by a boltLand 
ready hand. Thus, firom month to month, or at least 
from year to year, I find a note or two of yours eddying 
upward to the light ; but, for the instant, your last long 
(and welcome) letter is invisible. However, 1 remember 
much of its contents, and shall send something now in 
answer to one, at least, of its Moose thoughts.’” 


As already mentioned, De Moxgan could never be in- 
duced to diavote himself sufficiently to quaternions to 
understand them* He often alludes to this, thus writing 
on October xx, 1849 (p- 383) 

“Nothing about quaternions will bore me, jf I nan 
only make It bote though me. Ink must be cbeim in 
Ireland if you can afford to waste it on such a sni^osition 
as that” 


Many amusing tefiexences are made by De Mptgen to 
the contrast between his friendship to the Sir WtlBam 
Hamiltcm of Dublin, and his notorious 
with tbetSir WllUam, Hamilton of Edinburglu T^nis, 
on April 14, 1850 ^ a8d) 

“Be it known unto you riiat 1 have disoovensd jj£t^ 
you and the other Sir william Haroilton are i 
polars with ve*p^ to me (intelk«tueily mul m 
the Scotch baronet 14 a Polar beari and y<Hh 1 
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Hsmiiton of that ilk aays I took it him. When 1 
mtnd you onC; you tak^ it from me, generaliie it at a 
Iflance^ beatow it thus generalized upon society at Urge, 
and make me the second discoverer of a known theorenu 
He cuts my legs off ; you make a pair of legs grow out 
my head, and turn me upside down to stand upon 
them. His process after yours gives ■■ — 

Keciprocal clarity the last and most agreeable ; your 
process invokes no writing of pamphlets/’ 

The gradual production of the books on quaternions 
are indicated by frequent allusions in the letters. On 
November 26, 1851, Hamilton writes (p. 291) 

** My book on the quaternions is advancing rapidly. I 
have just been correcting the slip which will bring it 
aomewhat beyond 440 octavo pages. 1 first aimed at 
200, but shall now congratulate myself if I get off under 
500 pages. [It was ultimately 888.] You should be most 
Avelcome to copies of all the sheets hitherto printed, if I 
fancied that you would accept them, in the present state 
of the publication. In fact, 1 should to send them, 
but think it not quite fair to /one what may be thought a 
confidence on anyone.” 

To which De Morgan replies, in words that other 
authors will heartily appreciate (p. 293): — 

** I beg you will send me the part printed, without 
scruple. There is a pleasure in reading while anything 
that strikes one may do service ; it is the reviewer’s 
feeling Christianized.” 

So much has been said about Hamilton’s poems, and 
<rf the opinion he entertained of them, that it is well to 
read an authentic version of his own view of the matter 
in his letter of January ai, 1852 (p, 330) 

“If among your many and deep researches you have 
made psychology, as a sort of branch of natural history, 
one of them, you may feci some little interest in the 
following problem, wbich has often puzzled myself. 

“ Among the persons who know anything about my 
existence and my writings, I suppose that the majority 
would admit me to be a mathematician ; while all, or 
nearly all, would say that 1 could only be regarded as a 
poet by courtesy. 

“ Docs it not seem, then, to contradict one of the very 
tritest sayings about human nature that I care little, or 
not at all, about criticisms on my poetry, such as it is, 
while 1 own myself to be actually sensitive on the score 
of my mathematics ? 

“ Wordsworth did me the honour to cut up, in a more 
slashing style than yours, some of my early poems. I 
think that 1 was less flattered than indiflerent, although 
I did most highly prize the advantage of an intimacy 
with him. 

“ Slash away at my sonnets ; but spare me, if you 
honestly can, a little praise for the quaternions, or, what 
^ill be ftur better, allow me the honour of you to 

mse them as a calculus, for such they ceruinly are.” 

Hamilton complains that he is ridiculed about the 
^uatomkms by people who know nothing of the method. 
Dt Morgan advises him to preface the book with a 
ai^inatised body of results, bn the ground that “every 
^ould be povided with some palisade against mere 
4 ; « You wiHfind tahle of contents a useful 

Wpaid seem tl^re was another class of quasi* 
man of whotn Hatnftton, not without reason, 
for we read (p. 360) ;7- 

f that a person who read more than he 

told a Mend of his that he had heard 


people talk of * Euclid,’ and that he was curious to read 
the work. The other lent him a copy, and was surprised 
to find the borrower return it the next day with many 
thanks. ' What, have you read it ? ’ said the lender. 

* Yes, thank you,’ replied the borrower. * Read it ? — read 
Euclid through in that short time ? ’ ‘ Oh, if you mean 
the A’s and the B’s and the C’s, 1 skipped all those.’ The 
‘ Quaternions’ as well as the * Formal Logic ’ may meet 
with some readers of that stamp.” 

To which De Morgan replies (p. 362) : — 

“ When you tel! the story about Euclid, remember that 
the man left out the A’$ and the B’s and the C’s and the 
pictures of scratches and scrawls. I once met a man, no 
strong mathematician, who said he read Airy’s ^ Gravita- 
tion ’ through on a bench in the front of his house.” 

We have learned in the earlier volumes of the almost 
miraculous talents which Hamilton displayed as a child 
for the acquisition of languages. It is therefore interest- 
ing to find him saying on April 16, 1852 : — 

“ As to Sanscrit and Persian, I do not pretend to read 
them noixf; but my childish acquaintance with various 
languages may, as 1 have often since thought, have 
assisted me in my mature r study of mathematical symbols, 
and even in my attempts to enlarge the limits of 
mathematical expression.’ 

An interesting letter to De Morgan on March 14, 1854, 
gives Hamilton’s views on Auguste Comte’s “ Cours de 
Philosophie Positive,” from which the following extract 
may be cited (p. 475) : — 

“ These specimens, which 1 could easily multiply, may 
suffice to justify a profound distrust of Auguste Comte, 
wherever he may venture to speak as a mathematician. 
But his vast general ability, and that personal intimacy 
with the great Fourier which I most willingly take his 
own word for having enjoyed, must always give an 
interest to his vUws^ on any subject of pure or applied 
mathematics.” 

There were often long intermissions in the corre- 
spondence, generally on Hamilton’s .side, until at last 
De Morgan, by some genial and humorous attack, would 
succeed in reopening it. Witness the following ; — 

“ If you are dead and buried, why can’t you say so 
like a man, instead of leaving me to infer it from your 
silence.” 

And again on April 29, 1855 (p. 495) 

“ Rouse out from the quaternions and write me a line. 
Remember that I, who have studied biography, and 
especially looked at the psychology of inventive mathe- 
maticians, do positively make affidavit, that if a man do 
not fallow, and shift courses, as they or used to say, 
in farming, he will put his head out of heart If I Jiad 
the power- supposing it true, as I hear, that you will not 
let quaternions alone for a while— I would put you into 
the commissariat, and make you copy out Balaklava 
stores, for six months. How are you all ? ” 

These last lines remind us of a prescription recom* 
mended for another eminent mathematician, whose 
thoughts were apt to soar too far above terrestrial things. 
It was that he shtnild serve for a couple of years as 
conductor to a London omnibus. 

An appendix contains in the words of Hamilton himself 
what is designed to be as popular an account of the 
doctrine of quaternions as the subject will admit. It 
consists Of two portions : firstly, an unfinished letter to 
his uncle, the Rev* James Hamilton, dated September if 


6i8 


}^ATC/RE 


1846 ; the bthtr an eletnentary sketch," written after the 
publication of his Volume of “ Lectures on Quaternions/' 
He here agahi insists on the combination of the notions 
Of time and space in the quaternion* 

“ And how the One of Time, of Space the Three 
Might in the Chain of Symbol girdled be/* 

The appendix also contains Hamilton's account of 
Madler's attempt to show that the Pleiades arc the central 
group of our sidereal system. The doctrine was un- | 
worthy of Hamilton's attention, and these pages are the j 
only ones in this volume which we would gladly have i 
seen omitted. Of infinitely more value arc the remain- | 
ing pages, in which we find a carefully compiled catalogue 
of all Hamilton's writings. There is also an interesting 
list of the chief unpublished manuscripts of Hamilton 
which have been preserved ; and finally, t^fore the capital 
index is reached, we have an enumeration, to which Prof. 
Tail has contributed, of the chief works of other 
mathematicians in which the quaternions have been 
employed. 

It is impossible to read these volumes without acquiring 
a feeling of admiration amounting almost to reverence for 
the majestic intellect that they so adequately portray. In 
his youth Hamilton set before himself with deliberate aim 
the attainment of excellence in scientific work. Through- 
out his life he spared no pains, he flinched from no labour, 
to attain his ideal With wonderful singleness and con- 
centration he devoted his life to work. His career affords 
another illustration of the very close alliance if not actual 
identity between genius and the capacity for taking pains. 
If the quality of his work could not be surpassed, most 
assuredly Its quantity could hardly be rivalled, and yet 
wh^ we take leave of this work and ponder on the 
lessons it teaches it is perhaps hardly on the intellectual 
side of Hamilton's life that we shall find ourselves 
meditating. It is impossible to follow that exquisite 
correspondence between Hamilton and De Morgan with- 
out thinl^ing of the rare but well-deserved good fortune 
which gave to De Morgan such a correspondent as 
Hamilton, which gave to Hamilton such a correspondent 
as De Morgan. On both sides these letters breathe a 
lofty spirit of truthfulness and honour and of attachment 
to whatsoever things are just and noble. Each shows a 
charming conception of the respect due to his friend and 
of the respect due to himself. Friendship such as these 
two men enjoyed was indeed a choice privilege. Hamilton 
shows himself not only as the consummate mathematician 
an^ philosopher, not only as the scholar and the poet, 
but as the high-minded gentleman with whom exalted 
conceptions of duty were habitual 

Finally, we must eiqpress our obligations to Mr. Graves 
for the admirable way in which he has completed his 
monumental task. He was intrusted with the preparation 
of the biograi^y by Hamilton himself, and for laborious 
years he has devoted hltnself to the charge which his 
deceased firiend laid upon him. Materials be had in 
abundance the most prodigal He has selected copiously 
and he Ims selected judiciously, and he has told his 
wonderful story imth a literary gracefttkess that we most 
gratefully acknowledge. The memorable volumes Of the 
“Lectum on Quaternions^' and the** Elements ofQuiteir- 
Aions " hnve a place on the shelves bf ail sdenthk libraries 
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which ate worthy Of the name Betide them tbould be 
ranged the three j^rtly vdutnet in which Graves has 
recounted the life of that astonishing genius by iVhom 
Quaternions were invented. 


THE EHGL/SH TEANSI, 4 TION OF 
JVEISMANN*S ^^ESSAYSP 

Essays on Heredity and Kindred Biological Problems. 
By Dr. August Weismann. Authorized Translation, 
Edited by E, B. Poulton, Selmaf SchOnland, and 
Arthur E. Shipley. (Oxford : Clarendon Press, 1889.) 

T his is the fourth volume of a very useful series of 
translations of foreign biological memoirs, and the 
i Delegates of the Clarendon Press are again to be 
I congratulated on their choice of subject and editors. 

As the editors’ preface tells us, since Mr. Shipley's 
article, entitled “ Death," in the Nineteenth Century for 
May 1885, first called the attention of English biologists 
to Prof. Weismann’/s essays, the interest in that author's 
conclusions and arguments has become very general This 
interest has been stimulated and widened by the articles of 
various authors in Nature, by Prof. Lankester's addresses 
at the Royal Institution, and, above all, by the great discus- 
sion introduced by Prof. Lankester at the meeting of the 
British Association in Manchester. No doubt a transla- 
tion is superfluous, in these days of international science , 
to most biologists. But this is much more than a tech- 
nical treatise on a technical subject. It is of interest to 
that far wider circle of readers and thinkers devoid of the 
time or the opportunity to wrestle with the involved Ger- 
man of the original For to most the pith and kernel of 
the whole book is the criticism, perhaps the refutation, 
of the theory of the inheritance of acquired characters. 
That theory is of immediate importance to biology, but 
it is of equal, if remoter, importance to education and 
morality. We are certain that biologists do not enjoy 
a monopoly of education : we are by ho means certain 
that they enjoy a monopoly of morality. 

The translation is very accurate and unusually elegant : 
the foreign idiom has, to a large extent, been avoided, and 
there is little trace of the intricacies of Teutonic inversi^on. 
The footnotes are exceedingly useful, and many of them 
introduce important collateral matter. For instance, on 
p. 173, a concise and clear account is given of Mr. Francis 
Galton's earlier and somewhat parallel explanation of 
heredity. 

The typography is excellent, but the absence of ^fkacad 
type— a device of great utility in the brjginal— is to ht 
regretted. 

The essays are translated in chronological order lr^ 
the revised Germah edition^. And so, by a conseCtt^e 
perusal of the bookman historical conception of the woimir** 
ful series of inductions and inferences hmy be 
Among the many converging lines of thought and 
that led toihe Conception of the germ-piastha aathe 
of heredity, two seem most dearly marked. 
longed study pf iht Hydro|nedost9, t>t, Weismann 
covered that die g;eneratiye odla warn formed oidiF P 
certain localized aresMk ThOm special viurf 
position in dtftktmt sfmeies, and tto diismmm 
tion comspond to the diUttm imgisi In a 
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cHfipliidniieiit occun^g b the pbylegeny of the Hydroids. 
In t)ie lurtaal dhvdepraent these stages are repeated^ and 
the primitive germ-cells migrate from the ancestral to the 
pmsent position. From this it followed that the germ- 
celU contained something su£ generis: something that 
•could not be derived from the tissue-cells. 

The drat and third essays, on the other hand, show how 
a more or less theoretical consideration of death as a 
factor in biology led to the establishing of an actual con- 
tinuity of life from individual to individual in genealogical 
series. In all animals above those consisting essentially 
of a single cell, this continuity of life is confined to the 
generative cells, and it is the other, or somatic, cells alone 
that are necessarily mortal. 

Such converging lines led to the provisional hypothesis 
of a continuity of germ-plasma as the basis of heredity — 
the hypothesis in fact, to take a simple instance, that it 
is the eggs that have been forming the hens, and not the 
hens the eggs, and so with their ancestors from the re- 
motest of times. With this new view, came the discussion 
of the inheritance of acquired characters and the brilliant 
interpretations and investigations of parthenogenesis and 
polar bodies. Essay VI 1 ., on the supposed botanical 
proofs of the transmission of acquired characters — which 
has not before appeared in any form in English— and 
Essay VI 11 ., on the supposed transmission of mutila- 
tions, are valuable contributions to the questions raised 
by the general theory. 

There can be no doubt but that Dr. Weismann’a essays 
will be for long a source of inspiration and stimulus to 
supporter and adversary, and this valuable translation 
must prove of great service in making better known what, 
if it never advances beyond the stage of a provisional 
hypothesis, has already been of the utmost service to 
biology. P. C. M. 


OC/R BOOK SHELF. 


Ckamhr^s Encychpeedia. 
(London and Edinburgh ; 


New Edition. VoL IV. 
W. and R. Chambers, 1889.) 


In this volume of the new edition of" Chambers's Ency- 
elopsedia,'* suWeets from " Dionysius'^ to " Friction " are 
dealt with* So far as we have been able to test it, we 
have found that the volume is in no respect inferior to 
its predecessors. The subjects include some that are of 
peat scientific interest and importance, and these have 
been intrusted to writers whose names are a sufficient 
Iptarantde fur the diafacter of their work. Prof. Tait 
Wtee tike article on force, Dr. W. Peddle those on 
ind ether, and Prof. CargJU G. Knott that on 
deetneity. Dynamos, the electric light, and the electric 
railway are described by Prof. 7 . A. Ewing. The theory 
is presented by Prof. Patrick Geddes, who, 
^poundinf his own doctrine, tries to give a per- 
leo^y fifdr account of the opinions of thinkers with whom 
Ijie pidy mgmok m. H. R. Mill has a goodarticle 

^ms earU^ SM Ge)%ie discourses with his 

' * Wsa m Burepe and on earthquakes. To 

on Fri!mce> Prfncd Kropotkin contributes the 
' iffttribn.: ffot A* H. Keane is the author 
\ on $ and Dr< Henry Rink has a 

Interesri^ lM$er on the Esklmb. These and 
^ on scientific suh|e<n:s in the present yolume 
fhnptaln thebigh yi^atndon of *'Cnambers^S 
i Alt acedSac^ 


Farm Live Stt^ck qf Great Britain. By Robert Wallace, 
Professor of Apiculture at the University of 
butgh. Second Edition. (Edinburgh ; Oliver and 
Boyd. London ; Simpkitv, Marshall, and Co. 1889 ) 

This is a second edition of a work already reviewed in 
Nature. The most important point of difference between 
it and the first edition is the introduction of 100 excellent 
plates, executed by Angcrer and GOschl, of Vienna, from 
phoio^aphs taken from life. Pictures are, no doubt, of 
I great assistance to a description, but, as the author justly 
observes, photographs, although accurate, fail in some 
[ respects to do justice to anitp^ls- This he attributes to 
I the awkward positions they assume while standing, and 
the constancy of their motion while they remain on their 
limbs. It is also, no doubt, partly due to the higher eleva- 
tion of the eye of the observer than the camera as usually 
employed. The levelneSs of the back and of the belly 
lines is destroyed by the camera when placed horizontally 
so as to strike the broadside of the animal Prominences 
are shown against the light, which in ordinary observation 
do not disturb the Icvelness of the carcass. The work 
has a strictly pastoral and agricultural interest. 

Hays with Industrials ; i?/*, Adventures and Experiences 
among Curious Industries. By Alexander H. Japp, 
LL.D. (London: Triibner and Co., 1889.) 

This book is a reprint, with additions, of a number of 
articles which have appeared from time to time in various 
periodicals of a popular character. The articles deal 
with such subjects as quinine, rice, pearls, amber,' common 
salt, Burton ale and Dublin stout, petroleum, canaries, 
bedsteads, railway-whistles, knives, forks, and postage- 
stamps— as heterogeneous a mixture, in fact, as the con- 
tents of Mrs. Jellaby's famous cupboard. Dr. Japp writes 
in a chatty and agreeable style, and his book may be 
safely given to young people, with the certainty that they 
will imbibe no false notions of science. 


LETTERS TO THE EDITOR. 

[The Editor dots not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he underiaAe 
to return f or to correspond with the ^writers oK rejected 
manuscripts intended for this or any other part of NATOTti, 
No notice is taken of anonymous eommuniccUions,'\ 

Lamarck versus Weismann. 

I HAD not intended to reply to Mr. Cunningham's criticism 
of a passage in mV book which he thinks is pure Lamarckism 
(see Nature, July 25, p. 297) ; but now that Prof. Ray Lan- 
kester adopts ihe same view, I will make a few remarks upon 
the case. Mr. Cunningham italicizes the words, “ the constant 
repetition of this effort causes tfie eye gradually to move round 
the head till it comes to the upper side," and claims this as a 
Lamarckian explanation. But if we italicUe the following 
words, which occur three lines further an, those usually sur- 
viving whose eyes retained more and more of the position into 
which the young fish tried to twist themf we shall see that^he 
survival ot favourable variations is, even here, the real cause at 
work. For the transference of the eye to the upper side was a 
usefot change— perhaps, under the i^culiar conditions of exist- 
ence and development— an absolutely essential one. The amount 
to which the eye could be twisted and retained in Its new posi- 
tion was variable, as all other such characters are variable. 
Those individuals who bad this faculty in the greatest degree 
were among those that survived, and it is not at all necessary to 
aasume that any portion of the change due solely to the effort was 
mherited, but only that those individuals which were the most 
ifavooraMy constituted in this respect transmitted their peculiar 
constitution to their of&pring, and thus the twisting would take 

t Uce earlier and earlier in the development of the individual 
:ven Darwin Jumsolf, who believed in the heredity of acquired 
vwlaltohs, Sa)i ihot ** the tendenry to disiortioH would no doubt 
be iaorensed through the principle of inheritance " ; and this is 
mdly alt that is necessary. In most of the higher animals sym- 
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iD«trio«l deveU>]|»meiit of the two s&des of the body iii of vital i&if 
portaoce. and is ftHctly preserved by nataral aelection ; but mote 
or less defect pf ^eymmetry often Occurs as a variation or mon- 
•trotdty, abd in otsea where twch asymmetry was useful these 
variatjcnw would be preserved and increased by selection and 
heredity* An altccr^her enoneons view is taken of the fact of 
effort Ming used tn this case, as if it were something unusual. 
But in all cases selection produces changes which are useful and 
whose use is often indicated by eifbrt. The giraffe uses effort 
in stretching iu neck to obtain food during a drought ; the ante- 
lope exerts Itself to the utmost to escape from the leopard ; but 
it is now recognised that it is nOt the individual change produced 
by this ejfffrt that is inherited, but the favourable constitution 
which tenders extreme effort unnecessary, and causes Us pos- 
sessors to survive while those less favourably constituted^ and 
who therefore have to use greater effort* succumb. In the case 
of the developing flat-fish (uso, the effort indicated the direction 
of the useful modlflcation, and any variations tending either to 
the right kind of asymmetry or to ^ mobility of the eye, ad- 
mitting its being twisted and retained in its new position, 
during the growth of the individual* would be certainly 
preserved. 

1 wish to titke this opportunity of thanking Prof, Ray Lan- 
kester for his careful and appreciative review of my book. I am 
too well aware of my own deflciency in training as a naturalist 
not to admit all the mortcominga which he so tenderly refers to. 
It is quite refreshing to me to read at last a real criticism from a 
thoro^hly competent writer, after the more or less ignorant 
praise which the book has hitherto received. 1 admit also that 
the term " Laboratory naturalist,’’ to which he demura, was not 
well chosen* I meant it as the opposite, not so much to * * field 
naturalist ” as to ** systematic naturalist ” ; and it still seems to 
me that the gentlemen he refers to as not being ** laboratory 
naturalists^’ are stilltess ^'systematic naturalists,"’ in the sense 
of having specially devoted themselves to the observation, 
description, and classiflcation of more or less extensive groups of 
species of living organisms. Alfred R. Wallace. 

A Mechanical Illustration of the Propagation of a 
Sound-Wave. 

Having to prepare some lectures on sound, I wished, if 
possible, to illustrate, without any veiy complicated apparatus, 
the way in which a sound>wave is propagated. 

The following method suggested itself to me. As I have not 
met with the method while examining a loige number of works 
on sound and wave motion, 1 venture to send a description of U 
to Nature, as it iday perhaps be of use to some students of 
acoustics. 

A row 6f pendulums of equal length, a, < 5 , r . . . / (Fig. i) 
are suspended from a rod ab ; in order to start the pendulums, 



the bobs are held against, an angular-shaped board, fcd* the 
rod being held in a plane slightly behind the plane of the 
board ; if now the rod and pendulums be raised together vertically* 
/ will first swing, then and so on, till all are free t when the 
penduluma are taised with a uniform velocity* then each pendulum 
starts at an e^l period of time after the one which is next to it^ 
the result is that a wave-motion is seen to run along the lino of 
bobs as they vibrate to and fro. Such an arranguasent has been 
used to Uldsttate wave-motion* as each bob moves with Wmonic 
motum. But such an arrangement does not illustrate directly those 
comprwioas and rareftmtiops whereby sound U propagated. A 
slight movement* however* of the rod at once makes it do so. If* 
while the pendulums are vibrating, the rod from which th^ are 
Suspended be turned in the honzontal plane through a rlg^t 
augloi the dfrection of theswii^ ofeach pendulum is t|lltobmq^ed* 


and all thS penduluma awing in the same plane* This will beopme 
clear ftom (Fig* a), where the pendulum bo);n viewed akem ox 
appear to trape out wave-motion i the relative position cs the 
bobs after the rod which supports them Is turned through a 
right angle is shown along oY ; the motion then illuStretes 
medtanically those movments of ai^partiele8 which* when In 
compression and rs^cfactlon, propagate a sound-wave. If the rod 
be turned hack through a right angle, the wave-motion la again 
restored. The illustration must be taken with the obvious demet, 
viz. that the bobs move in arcs, and not in straight lines. 

Care should be taken that the amplitude of vibration be not 
greater than the distance between the points of suspension minus 





Tio. g. 

the diameter of a hob, otherwise the hobs will hit each other 
when vibrating in the plane vz* 

Twelve pendulums made of lead ballets centimetre In 
diameter, suspended iaom threads 30 centimetres long, with a 
distai>ce between each of 5 centimetres, were found to answer 
well by the author. 

If the board used for starting the pendulums be made of the 
angular shape* fgk, then the movement of the bobs in their 
second position illustrates the propagation of sound on each side 
of its origin. FREDERICK J, SKlTtt, 

Trinity Collie, Oxford* October l. 

On Rome Bffecte of Lightning. 

The twisting of one of the two trees near St. Albans, which 
were struck in such a remarkable manner by lightning, may well 
have been caused by the fall of the top of. the tJ^ee* os Mr* 
Griflith suggests* and not directly by the lightning. 

1 have been unsuccessful in ascertaining whether the core of 
the tree is situated nearer that side where the explosion seems 
to have been most violent ^ but a more detailed examination only 
enforces the conclusion which Mr* Griffith and I arriv^ 1^* 
that the explosion must have occurred inside the stem* if hot 
actually at the core of the tree. 

The efliects in this ease can meet with no explanation ftmiB tlie 
supposition that the tightning passed between the bark and 
tree, generating thereby Stimeient steam to blow tiff ihe 
and shatter the stetn-*an explanation which Mr. Mactwir 
nests in bis letter of September 25. 1 doubt if miy sqnvee wF 
Seat would ever convert water so ^iokly into iU«im a» tootidnsir 
it with the power which dynamite has of shattfriagRba^ 
lying in contact with it, while the gasre Ibmred ark ratMiittd 
by tiae comparallveiy ie«hl^ reiiiilstaiioe of the dftd ajateir 
atr ; nor can we stqp^^ th^t sutMoni heat cqnid 
stem to eeimte s^m there iil^aate ftw.euch 
pven if the uncharir^ condition Of rep swtod did not 
contestably that tb^ ietpperaUUW h^d ttoi beOn tdisd 

It- seems more preboMe to tpe 

caused by lire elecnmt jNiag 
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thereby caosiog the su4den production of large volumes of gases 
«t the ordinary temperature, 

In aaeinrer to Mr. Gnifith’s query, 1 may state that the two 
tieea are 34 yards apart ; that there is no other tree in a direct 
netween them^ though there are two about 4 yards &om this 
line, arid about midway oetween them ; that the trees are cer- 
tainly not isolated in any wi^, since there are fifteen trees within 
less than 34 yards of one of them, and about the same number 
within the same distance of the other, 

48 Bryanston Square, Spencer Pickering, 


and distribute for the eighty years of rapid growth, we get the 
following result ; thus i — 


First 20 years at 34 lines = 70 ) 

«* 40 „ 

4 *, » 160 > Young growth. 

f » ^ It 

3 ,f = 60) 

t» If 

14 ti = 43 Settled pedod." 


George Henslow. 

Maxwell’s “ 

Electricity and Magnetism.” 


Yew Trees in Berks. 


A COMMUNICATION from Mr. Walter Money respecting two 
yew trees which were planted in the churchyard of Basildon, 
Berks, by Charles, Lord Fane, in 1726, has appeared lately in 
some of the papers {North IVilU Herald^ October 4, 1889, and 
Standard) y in which he refers to the dimensions recorded in the 
parish register, taken in 1780 and 1796, and again by my father 
m 1834. He adds his own observations on the growth taken 
this year. As I happen to have the original notes made by the 
late Prof, |. S- Henslow, dated ** 1834, August/* it may be 
not uninteresting to record them. He writes as follows : — 

** Measurements of yew trees at Basildon Churchyard, planted 
in 1726 ; taken near the ground ; 

Ft, In. 

Tree to south, 1780 6 3 1 According to 

1 796 8 6 r Register. 

*834 8 9 lrTSH 1 

.. (at 4 feet) 6 loj/ iJ- 
[1889 9 10 Mr. Money] 

Tree to north [1780 and 1796 not recorded in register] :* 


Roots lately in- 
jured by digging 
graves. 


Ft. In. 

1834 9 2i 

„ (ai4feet) 6 9J 

[1889 9 6 


j[J. S. H.] 
Mr. Money] 


“From the three observations of 1780, 1796, and 1834, it 
would appear that the period of rapid growth stopped about 
1796; but it seems probable that the measurement here is 
somewhat too great compared with that of 1780, as welt as 
with that of 1834 ) 


GfOwth Ft. In. Lm««. l.ines. Years, liifibs 

to per ann. 

1780 ,..63 = 900 gives 300 diam. of gr. in 54, s.r. $4 
1796 ... 2 3 - 324 „ 108 „ „ i6, „ 6J 


“ Allowing this measurement to be wrong by 6 inches, \i will 
reduce it to a greater probability also with that of 1834 ; and 
we shaU have- 


Growth 

to 



Ft. !n. Lines. Linens. Years. I4n«« 

per ann. 

I 9 se 252 gives 84 diam. ofgr. In 16, 1.^. 54 
9 108 ,, 3 ^ ff r* * 

1 I a is6 „ 52 „ „ 55, „ t] 


“K.B.—The increams between 1780 end 1796 it too greet, 
suppoaing the same parts to have been measurki ; and between 
1795 and 1834 it is too little ; therefore 1796 either took in too 
mtich of the citoumference of the roots, or perhaps 1780 a little 
above them. Possibly the soil had become somewhat raised 
shsce 17^. 

fSlnce 1834 the growth for the last fifty- years will be seen 
to be exactly the same per annum, or 1 Ime.] 

{With te^d to the rate nf increase at a height of 4 feet from 
the jgrotmd, he adds the followiog addiiioDal note.] 

the rate of increase of 4 feet flrom the ground is 
ebstor than thkt nekr the root, upon the whole, in the propor- 
Uon of one^fbthrth, neady. Taking, therefore, this fact with the 
Iddbitions given above, we may average the growth of the stem 
1^ 4^ in the fbltoWing way 

U ^ilM^r^t4feet » ^ lines « 330(101834), Dividing 

the ag< or to8 yeaia, it gives 3 lines pOr annum nearly. 
;*** tjfc to 1796 gives 84 lines for 16 years, f.r. 5 lines 


jif toeme not to have grown mudi in the last twenty- 
(sH np b wWe allow t line for this period. 



There is apparently a trifling slip in g 360 of MaxwelFs 
“ Electricity and Magnetism.’* The ratio of the resistance of 
pure iron at loo^ C. to the resistance at o'" C. is there stated to 
be t '64$. This ratio is evidently calculated from the results 
given in Matthiesen’s paper on the influence of temperature 
on the electric conducting power of thallium and iron (Proc. 
Roy. Soc., 1862-63). The true ratio for pure iron annealed 
in hydrogen is 1*6355. The other ratios mentioned in the 
paragraph are correctly deduced. 

Heriikrt Tomunson. 

King’s College, Strand, October 12. 


AN EXAMINATION OF SOME POINTS IN 
PROF. WEISM ANN'S THEORY OF HEREDITY} 


P ROF. WEISMANN’S views on heredity and allied 
phenomena have met with such general acceptance 
that I feel it to be presumptuous on my part to attempt 
any criticism of them. 1 cannot but think, however, that 
a statement of the difficulties which they present to me, 
and of the inconsistencies which appear to exist in the 
argument, may be of value, not indeed as* a refutation, 
but as drawing attention to those points which seem to 
require further elucidation. 

it will be necessary for me to state Prof. Weismann^s 
argument, and 1 shall endeavour, in so doing, to represent 
it as fully and as fairly as my apprehension of it will admit, 
and as far as possible in his own words. But this is a 
matter of no small difficulty, inasmuch as the argument 
has to be traced through a number of separate essays, 
even though these essays have been collected into one- 
volume and translated into English. All the references 
which I make relate to the English edition.® 

The fundamental fact upon which the whole argument 
is based, and which Prof. Weismann* appears to have 
fully established, is that the body of unicellular organisms 
(monoplastides), as also that of undifferentiated multi- 
cellular organisms (homoplastides), is immortal, at any 
rate potentially. This position is clearly stated in the 
following passage (p. 25) 

“The process of fission in the Amoeba has been recently 
much discussed, and I am well aware that the life of the 
individual is genenilly believed to come to an end with the 
division which gives rise to two new individuals, as if death and 
reproduction were the same thing. But the process cannot 
truly be called death. Where is the dead body ? What is it 
that dies? Nothing dies ; the body of the animal only divides 
into two similar parts, possessing the same constitution/' 

Death is, on the contrary, a characteristic feature of 
differentiated multicellular organisms (hcteroplastides) ; 
but even in these forms there is still an immortal part, 
for the reproductive cells which develop into new indi- 
viduals are evidently as potentially immortal as the 
Amoeba. In these higher organisms, therefore, the mortal 
cells are to be distinguished from the immortal. This 
distinction is drawn by Prof, Weismann as follows 
(p. 132) 

“ It is neoeswry to distlogulsh between the mortal and the 
immortal port of the individual— the body in its narrow sense 
{soma) and germ-cells. Death only afreets the former ; the 


This Mper b an evpuisioii of »om« remarks contributed to the dincus- 
sion DU ** Th* TrBuwmissiou of Acquired Charactem/' which took place in 
S^lon 1 ) dudng the recent nteeting of the British Anociaiion at Newcastle. 
• WeUmamv ’* On Heredity ** (Oxford : Clarendon Press, 1889). 



633 


NATUJiM 


[Oet. 34 , tZH 


germ^celU tre t>oteiitiaill)r immortftt, in so fnr os they are able, 
undet favourable circninstances, to develop into a new indi> 
vidiial, or, in other wofd&« to surround themselves with a new 
body (s&nM),"' abd p* i5Si) 

This statement is further explained on p. 205 : — 

** Strictly speakit^, I have therefore fallen into an inaccuracy 
in maintaining (in former works) that the germ-cells are them- 
selves immortal ; they only contain the undying part of the 
ovganism-^the germ-^asm ; and although this substance is, as 
far as we know, invariably surrounded by a cell-body, it does 
ndt always control the latter, and thus confer upon it the 
character of a germ-cell." 

Similarly, the substance of the body is termed somato- 
plasm (p. 104). Moreover, the germ-plasm is stated to 
be locahacd in the nucleus of the germ-ccll (p. 170). 

The first difficulty which presents itself is to understand 
how the mortal heteroplastides can have been evolved 
from the immortal monoplastides or homoplastides. 
The explanation which Prof. Weismann offers is as 
follows (p. 27) : — 

“ Let us now consider how it happened that mullicellular 
animals and plants, which arose from unicellular forma of life, 
came to lose this power of living for ever. 

* * The answer to this question is closely bound up with the 
principle of division of labour which appeared among multi- 
cellular organisms at a very early stage, and which has gradually 
led to the production of greater and greater complexity in their 
structure. 

*'The first multicellular organism was probably a cluster of ! 
similar cells, but these units soon lost their original homo- 
geneity. As the result of mere relative position, some of the 
cells were especially fitted to provide for the nutrition of the 
colony, while others undertook the work of reproduction. 
Hence the single ^up would come to be divided into two 
groups of cells, which may be called somatic and reproductive 
—the cells of the body ns o^osed to those which are concerned 
with reproduction. This dmerentiation was not at first absolute, 
and indeed it is not always so to-day. Among the lower M etazoa, 
such as the Polypes, the capacity for reproduction still exists to 
such a degree in the somatic cells, that a small number of them 
arc able to give rise to a new organism— in fact, new individuals 
are normally produced by means of so-called buds. Further- 
more, it is well known that many of the higher animals liave 
retained considerable powers of regeneration ; the salamander 
can replace its lost tail or foot, and the snail can reproduce its 
horns, eyes, &c. * 

As the complexity of the Metazoan body increased, the two 
groups of cells became more sharply separated from each other. 
Very soon the somatic cells surpassed the reproductive in 
number, and during this increase they became more and more 
broken up by the principle of division of labour into sharply 
separated systems of tissues. As these changes took place, the 
power of reproducing large parts of the orwism was lost, while 
the power of reproducing the whole individual became con- 
centrated in the reproductive cells alone." 


It is clear that this explanation, plausible as it seems 
to be, leaves untouched the real question at issue ; the 
question as to how mortal cells could have been evolved 
from immortaL Prbf. Weismann himself seems to have 
beeft conscious of this, for on p. J39 he reverts to the 
subject as follows : — 


''It maybe objected that cells of which the ancestors pos- 
sessed the power of living for ever, could not have become 
potentially mortal (that is, su^ect to death from internal causes) 
either suddenly or gradually, for sutdi a change would contradict 
the supposition which attiioutes immortality to their ancestors, 
and to the products of their division. This argument is validi 
bttt it only applies so long as the descendants retain their originid 
constitution. But as soon As the products of the fission of 
a potentially Immottal cell acquire different constitutions by 
unequal fission, anodier possibility arises. Now it is ctm* 
ceivable that one of the products of fission might preserve the 
physical constitotion neoeo^ory for immortality, hut not the 
other, juA os it is concdvabie that such a cw— adapted for 
uneiidiiy life— might bud off a small party which woutJd live a 
long time without the foil capabilities of life possessed by the 


parent cell ; again, it is possible that sudr a cel) might ex^de 
a certain portion of organic matter (a true excretion) which Is 
already dead at the moment U leaves the body. Thus it is 
possible that true unequal oell-divisions, in which only one half 
possesses the condition necessary for inmaslng, may place ; 
and in the same way it U conceivable that the constitution of a 
cell determines the fixed duration of Its Ufo, examples of which 
are before us in the great number of cells in the higher Metazoa, 
which are destroyed by their fonctions. . . . But the reproduc- 
tive cells cannot be limited in this way, and they alone are free 
from it. They could not lose their immortality, if indeed the 
Metazoa are derived from the immortal Protozoa, for from the 
very nature of that immortality it cannot be lost. From this 
point of view the body, or soma, appears in a certain sense as a 
secondary appendage of the real bearer of Ufe^ — the reproducuve 
cells. " 


Prof. Weismann here comes to closer quarters with 
the real question at issue, but still he docs not fully face 
it. He invokes the principle of “unequal fission" to 
account for the acquisition of different constitutions " by 
the products of fission, but he offers no explanation what- 
ever of the modus operands of unec^ual fission. He makes 
no suggestion as to the constitution of the body of the 
Protozoa ; whether it consists, in his opinion, entirely of 
germ -plasm, and if not, whether or not the germ-plasm is 
localized in the nucleus. The only criticism which can 
be made is that the bare mention of “ unequal fission ” is 
not a sufficient answer to the objection that cells, of 
which the ancestors possessed the power of living for 
ever, could not have becotne potentially mortal." U 
appears to me that any satisfactory answer to this objec- 
tion must include the assumption that the immortal an- 
cestors already contained a .substance which was poten- 
tially mortal. It is impossible to conceive that unequal 
fission can take place m a cell consisting throughout of 
essentially the same kind of substance. 

Very much the same difficulty presents itself in con- 
nection with the development of the embryo from the 
ovum or germ-cell ; in the one case it is phylogenetic, in 
the other ontogenetic. Prof. Weismann goes into far 
greater detail in this latter case, and the statements which 
he makes concerning it may perhaps be intended to 
throw some light on the former. 

The germ-cell, as pointed out above, is characterized 
by containing genn-plastn ; and this germ-plasm is 
localized in the nucleus. There is one point which Prof. 
Weismann does not mention, and that is as to the nature 
of that portion of the germ-cell (including the cytoplasm 
and part of the nucleoplasm) which does not consist of 
germ-plasm. Of what, then, does it consist? It must 
consist of somatoplasm: there is no alternative, The 
germ-cel), then, consists mainly of mortal somatoplasm, 
and contains in its nucleus a certain amount of immortal 
germ-plasm. But, as shown in preceding quotations, 
Prof. Weismann holds that the whole germ-cell is im- 
mortal. In view of the constitution of the germ-cdl, this 
view seems to be paradoxical, but it appears to be ex« 
plained on the assumption that the substance of the 
nucleus determines the nature and character of the oehi 
though Prof. Weismann does not altogether commit 
himself to this assumption (see pp. 1^5,205, 210). 

« * Weismann^ suege 


From this point of view Prof, 

that the development of mortal from immortal t 

to unequal fission, seems to be quite iptdlligible^ not , 
ontogeneticaUy, but also phylogeneticahy, if we vmittiite 
to assume that the constitution of a Pretosoon fo essen^ 
tially the same as that of a germ-cell. It is e^ tO 
imagine that the nucleus of a Protozocm may be dimmed 
into two parts. oiM of which ctmtoins the mole or ^ 
greater pan of the parental germ-plaSttL the qther ecflftr 
mining none or oofy a smw portion of it^ 
suiting cells would be respectively immortal and 
and, supposing they teraained coherent, would 
the reproductive and somatic tfortiohis Of a 
body. Simil^ty, if such a div&ott the , 
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took ^ace, the two resulting cells would repre- 
sent the reproductive and somatic portions of the body 
of the embryo. 

But this does not appear to be Prof. Weismann’s view 
of embryogeny. On the contrary, he holds strongly that 
the germ-pasm of the ovum gives rise, in part at least, to 
the somatoplasm of the embryo. TTius, on p. i 6 S he 
says: — 

1 have called this substance * germ-plasm,' and have assumed 
that it possesses a highly complex structure, conferring upon it 
the power of developing into a complex organism. 1 have 
attempted to explain heredity by supposing that in each onto- 
geny a of the specihe germ -plasm contained in the parent 
egg-cell Is not used up in the construction of the body of the 
onspnng, but is preserved unchanged for the formation of the 
germ-edis of the following generation." 

It is not a little remarkable that Prof. Weismann 
should not have offered any suggestion as to the concep- 
tion which he has formed of the mode in which the 
conversion of germ-plastn into somatoplasm can take 
place, considenng that this assumption is the key to 
nis whole position. He has been at considerable pains 
to controvert the view that somatoplasm may be con- 
verted into germ-plasm ; but in making this attack he 
has overlooked the necessity for defence. There is really 
no other criticism to be made on an unsupported assump- 
tion such as this, than to say that it involves a contradic- 
tion in terms. The idea of the conversion of germ-plasm 
into somatoplasm Is quite as impossible as that of the 
conversion of somatoplasm into germ-plasm. It is 
absurd to say that an immortal substance can be con' 
verted into a mortal substance. If such an apparent 
change takes place, the only possible conclusion is that 
the so-called immortal substance was never truly im- 
mortal, inasmuch as it must have always possessed the 
potentiality of mortality. 

It may ^rhaps be represented that the foregoing criti* 
cisms are altogether of loo minute and detailed a cha- 
racter to affect the general validity of Prof. Weismann 's 
argument. My answer is that I understand Prof. Weis- 
manti to imply that his theory of heredity is not— like, for 
instance, Darwin's theory of pangenesis — a provisional 
or purely formal solution” (weismann, p. 166) of the 
question, but one which is applicable to every detail of 
embryogeny, as well as to the more general phenomena 
of heremty and variation. 

W« may now proceed to the consideration of Prof. 
Weismann's thcoiy of heredity. The essential features 
of it are given in the following paragraphs (p. 73) : — 


** Among these unicellular organisms, heredity depends upon 
the continuity of the individual during the continual increase of 
Ita body by means of assitnilation. 

Iww is it with the multicellular organisms which do not 
reproduce by means of simple division, and in which the whole 
body Of the parent does not pass over into the oD^prlng ? 

'*ln animals the power of reproduction is connected with 
CNnuftn oel! 4 , sridch, as ^rm-oeils, may be contrasted with those 
. Whidh fbrm the rest of the body ; for the former have a totally 
difllfnijliit to pkty ; they are without significance for the life 
of tho indtvidnil f that is, for the preservation of its life), and 
jret thoy idone possess the power of preserring the species. Each 
^ Ime Onxh under pertain conditions, devebp into a complete 
of the same species as the parent, with every indi- 
pf the latter reproduced more Or less com- 

How can such hereditary transmission of the characters 
of il^ parent tnke place ? How can » single reprodaetive cell 
the wWe body In all its details r' 

' Wefwana^s anawef to these questions is as 
obvious means bv which the inheritance of all 


S i an oMotts meaiiis by which the inheritance of all 
»eOdUartties takes placci in the eot^tmUy ef the 
ike or If, as I believe, 

df tab gemi''Oelli, the germ^plasm, has remained 


in perpetual continuity from the first origin of life, and if the 
germ-plasm and the fmbstance of the body, the somatoplasm, 
have always occupied different spheres, and if changes tn the 
latter only arise when they have been preceded by corresponding 
changes in the former, then we can, up to a certain point, un- 
derstand the principle of heredity ; or, at any rate, we can con- 
ceive that the human mind may at some time be capable of 
understanding it " (p. 104). 

** Now if it is impossible for the germ-cell to be, as it were, 
an extract of the whole body, and for all the cells of the organ” 
ism to despatch small particles to the germ-cells, from which 
the latter derive the power of heredity ; then there remain, as 
it seems to me, only two other possible, physiologically conceiv- 
able, theories as to the origin of germ-cells, manifesting such 
powers as we know they possess. Either the substance of 
the parent germ-cell is capable of undergoing a series of changes 
which, after the building-up of a new individual, leads back 
again to identical germ- cells ; or the germ- cells are not derived 
at all, as fiir as their essential and characteristic substance i 
concerned, from the body of the individual, but they are derived 
directly from the parent germ- cell. 

“ I believe that the latter view is the true one. .... 
propose to call it the theory of the ' continuity of the germ 
plasm,’ for it is founded upon the idea that heredity is brough 
about by the transference, from one generation to another, of a 
substance with a definite chemical, and, above all, molecula 
constitution. I have called this substance ‘ germ-plasm,’ and 
have assumed that it possesses a highly complex structure, con- 
ferring upon it the power of developing into a complex organ- 
ism. I have attempted to explain heredity by supposing that in 
each ontogeny a part of the specific germ -plasm contained in 
the parent is not used up in the construction of the body of 
{ the offspring, but is reserved unchanged for the formation of the 
germ -cells of the following generation " (p. 167).* 

“ I believe that heredity depends upon the faet that a small 
{)ortion of the effective substance of the germ, tlie germ-pla*m, 
remains unchanged during the development of the ovum into an 
organism, and that this part of the germ-plasm serves as a 
foundation from which the gcrm-celU o 7 the new organism are 
produced. There is, therefore, continuity of the germ-plasm 
from one generation to another. One might represent the germ- 
plasm by the metaphor of a long creeping root-stock from which 
plants arise at intervals, these latter representing the individuals 
of successive generations ” (p. 266). 

This thcoiy appears to fully account for the transmis- 
sion and maintenance of ancestral characters; but of 
course it depends on the assumption that the germ-plasm 
is a substance of great stability. Thi^ is, in fact, Prof. 
Weismann's view (p. 271) ; — 

"The germ-plasm, or idioplasm of the germ-cell (if this latter 
term be preferred), certainly possesses an exceedingly complex 
minute structure, but it is nevertheless a substance of extreme 
1 stability, for it absorbs nourishment, and grows enormously 
i without the least change in its complex molecular structure." 
i In spite of the simple, and apparently satisfactory, 

I explanation of the phenomena of heredity which this 
j theory affords, there are, nevertheless, serious difficulties 
{ in the way of its acceptance. It is open to criticism 
I even from Prof. Weismann^s own standpoint. The fate 
! of the germ-plasm of the fertilized ovum is, according to 
! Prof Weismann, to be converted in part into the son^to- 
plasm of the embryo, and in part to be stored up in the 
germ-cells of the embryo. This being so, how are we 
to conceive that the germ-plasm of the ovum can impress 
upon the somatoplasm of the developing embryo the 
hereditary character of which it (the germ-plasm) is the 
bearer? This function cannot be discharged by that 
portion of the gcna-^plasm of the ovum which has become 
converted into the somatoplasm of the embryo, for the 
simple reason that it has ceased to be germ-plasm, an4 
must therefore have lost the properties characteristic of 
that substance. Neither can it be discharged by that 
portion of the germ-plasm of the ovum which is aggre- 
gated in the germ-cells of the embryo, for und^ these 
cumstances it is withdrawn from all direct relation with 
the developing somatic cells. The question remains 
without an answer. 
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Sttll more is the theory open to criticism from the 
st&ndpoint which I have established above. It is clear 
thht the theory of the continuity of the germ-piasm^ as 
explaining h^iMity, is only valid on the assumption that 
the genn-pksm of the ovum gives rise to the somato- 
plasm of the embryo. But I have shown above that the 
conversion of germ-plasm into somatoplasm is inconceiv- 
able ; and, even if it be admitted, it cannot be seriously 
maintained that the whole body of the embryo is, in any 
case, developed solely from the germ -plasm of the ovum. 
On the contrary, since the embryo is developed from the 
TEho/e of the nucleus and more or less of the cytoplasm 
of the ovum, it must be admitted that the non-germ- 
plasm, or somatoplasm, of the ovum provides a large 
part of the material in embryogeny. It is an obvious 
inference that, under these circumstances, hereditary 
characters may be transmitted from the parent to the 
offspring, not only by the germ-plasm, but also by the 
somatoplasm, of the ovum. 

It might be replied to these criticisms that, even if it 
be admitted that germ- plasm cannot be converted into 
somatoplasm, and also that the somatic cells of the em- 
bryo are derived from the somatoplasm of the ovum, it 
is still conceivable that the nuclei of the somatic cells of 
the embryo may contain a certain amount of the germ- 
plasm of the ovum, not enough to confer upon the 
somatic cells the properties of germ-cells, but sufficient 
to determine their growth and differentiation in accord- 
ance with the hereditary tendencies of which the germ- 
plasm is the bearer. But this view does not appear to 
be held by Prof. Weismann, whose opinion with refer- 
ence to the presence of germ-plasm in somatic cells is as 
follows (p. 211} ; — 

“I believe I have shown that theoretically hardly any objec- 
tions can be raised against the view that the nuclear substance 
of somatic o^ls may contain unchanged germ -plasm, or that this 
germ-plasm tnay be transmitted along certain lines. It is true 
that we might imagine a priori that all somatic nuclei contain a 
small amount of unchanged germ -plasm. In Hydroids such an 
assumption cannot be m^e, because only certain cells in a cer- 
tain succession possess the power of developing into germ-cells ; 
but it might well be imagined that in some organisms it would 
be a great advantage if every part possessed the power of grow- 
ing up into the who\p organism, and of producing sexual cells 
under appropriate circumstances. Such cases might exist if it 
were possible for all somatic nuclei to contain a minute fraction 
of unchanged germ-plasm.” 

After alluding to the fact that new plants can be deve- 
loped from leaves of Begonia which have been cut off 
and laid in moist sand* Prof. Weismann continues : — 

But I think that this fact only proves that, in Begonia and 
similar plants, all the cells of the leaves, or perhaps only certain 
cellsr contain a small amount of germ- plasm, and that, conse- 
quently, these plants are specially adapted for propagation by 
leaves. How is it, then, that all plants cannot be reproduced in 
this way ? No one has ever grown a tree from a leaf of the 
lime or oak, or a flowering plant from the leaf of the tulip or 
dontolvulns. It U insufficient to reply that, in the last-men- 
tioned cases, the leaves are more strongly specialised, and have 
thus become unable to produce the germ • substance ; for Che 
leaf-cells in these different ptants have hardly undergone histo- 
logical differentiation in dSfierem degrees. If, notwithstanding, 
the one can produce a flowering plant, while the others have 
not the power, it is of course clear that reasons other than the 
degree of histological diffbrentiation mu^ exist ; and, according 
to my opinion, such a reason is fooha k the admixture m 
a minute quantity of unchanged with some of their 

nuclei," ^ 

It appears, therefore, to be Prof, Weismann^s opinion 
that it is 0% special cam that germ-plasm is present 
in somatic cells, and that, when present, it confers on 
the somatic cells the nrop^ies of germ-cells, though it 
is difficult to recondie tnis opinion with the following 
sutement on p. 205 


** Strictly speakii^,‘I have therefore Into an inaocuMCy 
in maCntainiog (in fortner woriu) that the genUf cells ore them- 
selves immortal ; they only contain the undying part of the 
otganUm— 'the germ-plasm ; and although this substaoec ta, as 
far as we know, invariably surrounded by a cell- body, it does 
not alw^ control the latter, and thus confer upon it the cha- 
racter ofa germ-cell,” 

I would submit, therefore, that, Inasmuch as Prof. 
Weismann offers no evidence to prove the continuity of 
the germ-plasm of the ovum with the somatoplasm of the 
embryo, his principle of the continuity of the germ- plasm 
cannot be regarded as a satisfactory theory of her^ity ; 
and I would point out that the facts of embryogeny seem 
to confer upon the idea of a continuity of the somato- 
plasm at least as high a degree of probability as upon 
that of a continuity of the germ-plasm. 

We come, finally, to Prof. Weismann*s explanation of 
variation, a connected statement of which is to be found 
on pp. 277 et s^g., from which I may make the following 
quotations : — 

“ The origin of hereditary individual variability cannot indeed 
be found in the higher organisms-^tbe Metazoa and Metaphyta ; 
but it is to be sou^t in the lowest — the unicellular organisms. 
In these Utter the distinction between body-ccll and germ-cell 
does not exist. Such organisms are reproduced by division, and 
if, therefore, any one of them becomes changed in the course of 
its life by some external influence, and thus receives an indi- 
vidual character, the metho^i of reproduction insures that the 
acquired peculiarity will be transmitted to its descendants. If, 
for instance, a (Votozoon, by constantly struggling against the 
influence of mechanical currents in water, were to gain a stmie- 
what denser and more resistant protoplasm, or were to acquire 
the power of adhering more strongly than other individuals of 
its species, the peculiarity in question would be directly con- 
tinued on into its two descendants, for the Utter are at first nothing 
more than the two halves of the former. It therefore follows 
that every roodifleation which appears in course of its life, 
every individual character, however U may have arisen, must 
necessarily be directly transmitted to the two offspring of a 
unicellular organism ” (p. 277). 

** We are thus driven to the conclusion that the ultimate origin 
of hereditary individual differences lies in the direct action of 
external influences upon the organism. Hereditary variability 
cannot, however, an^e in this way at every st^e of otganic 
development, os biologists have hitherto been inclined to beCeve. 
It can on1)r arise in the lowest unicellular organbms ; add w^n 
once individual difference had been attained by theM, it neces- 
sarily passed over into the higher ot^pmisms when they 
appeared. Sexual reproduction coming into existence at the 
same time, the hereditary differences were increased and 
multiplied, and arranged in ever-changing combustions” (p. 

279)- 

*' It U, however, obvious that sexual reproduction will readily 
afford such combinations of acquired characters for by its 
the most diveine features are continually turitcd k Ihd 
individual, .and thk seems to me to be one Of mck 
results. ,1 I 

do not know what meaning ean be attrlbikkd tb kxoai 
repodnetioD other than the creation ipf 
characters to form the material updn Which naim ^ 
work” (p. a8i). 

In the caaay entitled ** On th^ Nidwtlier 
and their Significance in Heredity/* Prof, 
explains his conception of the ffiode in 
repoduction promotes variability, , 
assistance of diagram^ how the nudeat 
fortllized ovum oontains germ-plasms 
ancestors of Imth parents. ; 

The conception of the process of ybrih^op' 
preceding passages {as wdl as otbeiri) — 
mind of the reader is that uniceHitlar 
during the p^od of theft ehtli^ly esex^^ 
number of individual dlffisr«dces ; 
appeai^pce of seaual rei^uctumT 

Have been combined litt en inffi 
ways^ leading to the evomilfm of eli 
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lilaats and animals, to day nothing of all the varieties 
'Which have periabed in tho struggle for existence. It 
would^ in fact, appear that Prof. Weismann denies the 
acquisition of any new individual charactera due to the 
influence of external conditions by any except unicellular 
organisms. ^ 

This beinu his view, we find, as might be expected, 
that Prof. Weismann opposes the assumption of the 
transmission, by means of sexual or amphigonic repro- 
duction, of characters which he terms somatogenic 
•(p. 413); that is, of characters which have manifested 
themselves in the s(?Ma of an individual, not spontane- 
ously, but as the result of the operation of external forces 
or conditions ; and he critically sifts the evidence for 
such transmission with results which, it must be admitted, 
tell in favour of his views. 

For all that, Prof. Weismann does not take up an alto- 
gether uncompromising position with reference to this 
point ; in fact, his statements of opinion are so fluctuating 
that it is difficult to determine what his position exactly 
is i witness the following quotations ; — 


. and it is impossible to imagine any way in which 
the transmiBslon of changes, produced by the direct action of 
■external forces upon the somatic cells, can be brought about " 
(p. 80). 

“Hence it follows that the transmission of acquired characters 
is an impossibility ...” (p. 266). 

“For the germ -cells are contained in the organism, and the 
external influences wliich affect them are intimately connected 
with the slate of the organism in which they lie hid. If it be 
well nourished, the germ-cells will have abundant nutriment ; 
and, conversely, if it be weak and sickly, the germ-cells will be 
arrest^ in their growth. It is even possible that the effects of 
these influences may be more specialized ; that is to say, they 
may act only upon certain parts of the germ-cells. But this is 
indeed very different from believing that the changes of the 
organism which result from external stimuli can be transmitted 
to the germ-cells, and will re-develop in the next generation at 
the same time os that at which they arose in the parent, and in 
the same part of the organism ” (p. 103). 

“ Still we cannot exclude the possibility of such a transmission 
occasionally occurring ; for, even if the greater part pf the 
effects must be attributed to natural selection, there might be a 
small part in certain cases which depends on this exceptional 
factor. 

“A complete and satisfactoiy refutation of such an opinion 
cannot be brought forward at present ; wc can only point out 
that such an assumption introduces new and entirely obscure 
forces, and that inuumerable cases exist in which we can 
certainly exclude all assistance from the transmission of acquired 
charactaw'* fp. 100). 

If, on the other hand, acquired differences are transmitted, 
this wqpld prove that there must be something wrong in the 
theoiy of the continuity of the germ-plasm, as above described, 
andin tbtnoO-traiMunission of acquired characters which results 
ftoto dioery” (p, 

^It leehur to nte tbgt the problem of the transmission or 
nOQrlfftttmiaiiqn of squired characters remains, whether the 
tldPlilf " the 00^ of the germ-plasm be accented or 


ia'i 



jadt, with reference to the statement that it 
to imagine any way in which somatogenic 
trflhamitted, that such a transmission is 
ic^ivabl^ hnd Is even probable, when the con- 
jf ^ somatoplasm is borne in mind. If the ovum 
we are driven to assume, and 
nbft bh denied, the somatoplasip tekes part in 
iUbn V iite body of the embryo, theft it is not 
thnt changes induced in the body of the 
conditions, may be 
tb ^0 through the somatoplasm of 

The aiA^ntinuity of the sotnatopUsm must 
ttm imp^ the tranamissioo of 

‘ ebmrACteife, can be considered to have been 


But if Prof. Weismann is not prepared to admit t^t 
there is more than a remote possibility that variation 
may, in some degree, be due to the transmission of 
somatogenic characters, he makes a large concession 
in admitting that new characters may be acquired in 
another way, and, being transmissible, lead to varia- 
tion. The first hint of this view is to be found on pp. 
98, 99 

“ These changes — such, for example, as are produced by a 
strange climate— have always been looked at under the supposi- 
tion that they are transmitted and intensified from generation 
to generation, and for this reason the observations are not 
always sufficiently precise. It is difficult to say whether the 
changed climate may not first have changed the germ, and if 
this is the case the accumulation of effects through the action of 
heredity would present no difficulty” (p. 98). 

** It must be admitted (hat there arc cases, such as the 
climatic varieties of certain butterflies, which raise some diffi- 
culties against this explanation. 1 myself, some years ago, 
experimentally investigated one such case, and even now 1 
cannot explain the facts otherwise than by supposing the passive 
acquisition of characters produced by the direct influence of 
climate ” (p. 99 ; see also above quotation from p. 103). 

It is again mentioned on p. 271, but it is not 
prominently asserted until p. 410, where Prof. Weismann 
says : — 

“ I have never doubted about the transmission of changes 
which depend upon an alteration in the germ- plasm of the re- 
productive cells, for I have always asserted that these changes, 
and these alone, must be transmitted. If anyone makes the 
contrary assertion, he merely proves that he does not understand 
what I have said upon the subject. In what other way could the 
transformation of species be produced, if changes in the germ- 
plasm cannot be transmitted ? And how could the germ* plasm 
oe changed except by the operation of external influences, using 
the words in their widest sense? ...” 

On pp. 402‘-403 Prof. Weismann defines his view more 
clearly ; — 

“It is certainly necessary to have two terms which distinguish 
between two chief groups of characters — the primary characters 
which first appear in the body itself, and the secondary ones 
which owe their appearance to variations in the germ, however 
such variations may have arisen. We have hitherto been accus- 
tomed to call the former * acquired characters,* but we might 
also call them wmatogenic, because they follow from the reaction 
of the soma under external influences ; while all other characters- 
might be contrasted as blastogcnic^ because they include all those 
characters in the body which have arisen from changes in the 
germ. In this way we might perhaps prevent the possibility of 
misunderstanding. . . . Among the hlastogenic characters, we 
include not only all the changes produced by natural selection 
opwting upon variations in the germ, but all other characters 
which result from this latter cause.” 

The point is again mentioned on pu 433 : — 

“ It is therefore possible to imsgine that the modifying effects 
of external influences upon the germ- pi asm may be gradual and 
may increase in the course of generations, so that visible changes 
in the body (xowrf) are not produced until the effects have raached 
a certain intensity.” 

It is not a little remarkable that, after insisting so 
strongly, as in the passage previously quoted, on the 
extreme stability of the geim-plasm, Prof. Weismann 
should be prepared to admit that it is in so high a degree 
susceptible to the actii^ of external influences. He is, 
however, inclined^ in the passage on p. 410, 

that this view of tWfTO of blastogenic changes by 
external influenced na6 been ignored ; but the readers of 
the earlier essays may well be pardoned for inattention to 
this point, as it is onlv casually mentioned there, and is 
not put forward as an integral part of his theory of varia- 
tion. No ofte reading the statement of his theory of 
variation on p, 277 would infer that Prof, Weismann 
attach^ nny importance to the effect of external influ- 
encies on the germ in producing new characters. In fact, 
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Pmf. Wetfltnami himself seems hardly to realize how 
loevitable such a conclusicm is. If it be admitted that 
tmicellular or^amUms acquire new characters under the 
operation of dWnal influences^ it cannot consistently be 
doubted that this also takes place in germ-cells. 

It seems to be necessary, therefore, to modify the 
conception of variation founded upon the above-quoted 
paragraph from p. 277, by introducing into it the opera- 
tion of external influences upon the germ. We now see 
that though sexual reproduction greatly promotes varia- 
tion in consequence of the ever-new combination of an- 
cestral characters in each fertilization^ yet another eihcient 
cause of variation is the direct action of external influences 
on the ^rm, giving rise to blastogenic characters. 

But this modified conception of the causes of variation 
comes into collision with Prof. Weismann's statement 
(p. 277) that “ the origin of hereditary individual varia- 
bility cannot indeed be found in the higher organisms — 
the Metazoa and Metapbyta ; but it is to be sought for in 
the lowest— the unicellular organisms,^ a collision which 
is much to the detriment of the latter ; for, if it cannot be 
denied that external influences give rise to blastogenic 
characters, then it cannot be maintained that " the origin 
of hereditary individual variability cannot be found in 
the higher organisms/’ On the contrary, it must be 
admitted that the modifying influence of external con- 
ditions continually affects not only unicellular organisms, 
but also the germ-cells of the Metazoa, producing new 
characters, thus inducing variation, in both. 

This conclusion leads to the consideration of a point of 
great interest . In accordance with his view of the pre- 
eminent importance of ampbigonic reproduction in caus- 
ing variation, Prof. Weismann asserts the lack of varia- 
bility ip parthenogenetic forms, in the following words 
(p. 290) 

* ' If my theory as to the causes of hereditary individual variability 
be correct, U follows that all species with purely parthenogenetic 
reproduction are sure to die out ; not, indeed, because of any 
failure in meeting the existing conditions of life, but because 
they are incapable of transforming themselves into new species, 
or, in fact, of adapting themselves to any new conditions. Such 
species can no longer be subject to the process of natural selec- 
tion, because, with the disappearance of sexual reproduction, 
they have also lost the power of combining and increasing those 
herediiaiy individual diaracters which they possess.’’ 

The views contained in this paragraph appear to me 
to be completely at variance with the facts known con- 
cerning the Fungi, among plants. Thus, in the Sapjro- 
legniese, all the known forms, including several genera 
and many species, are parthenogenetic ; the sexuality of 
the Ascomycetes is still the subject of discussion, but it is 
admitted that many genera and species of these Fungi are 
certainly asexual ; and the sexuality of the Ai^cidiomycetes 
is extremely doubtful. These plants show no apparent 
tendency to die out^ in spite of the absence of sexuality. 
But it may be replied that these families may be in the 
stage in which sexuality is just disappearing, and in 
which they are still adequately adapted to their condi- 
tions of life. Such an objection cannot apply, however, 
to the Basidiomycetes. These Fungi are not only entirely 
asexual, but it would appear that they have been evolved 
in a purely asexual manner from asexual ascomycetous or 
ABcidiomycetous a ncestors. The Basidiomycetes. in fact, 
afford an example of a vast family of plants, of the most 
varied form and habit, including hundreds of genera and 
species, in which, so far as minute and long-contihued 
inveati^tion has shown, there is not, and probably never 
haa been, any trace of a sexual process. How are we, 
then, to account for all the variation which has taken 
place in this group, quite independently of amphtgonic 
reproduction? On this, point Prof. Weismann says 

(p.275)- 

If it could be shuwn that a pur^y parthenogenetic speciei 
had become ttansformed into a new one, such an observation 
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would prove the existence of some force of transformation othef 
than selective processes, for the new species could not have been 
produced by these latter,” 

It appears to me beyond doubt that, in the Fungi, new 
species nave been developed from parthenogenetic forms, 
but 1 leave it to Prof. Weismann to suggest what ** force 
of transformation other than selective processes" may 
have been operative. 

It is not, however, argued that the variation of the higher 
Fungi is as great as k might have been had they pos- 
sessed sexuality ; for there can be no doubt that sexual 
reproduction does very materially pomote variation. It 
seems probable, in fact, that the absence of ^xuality in 
these plants may be just the reason why no higher forms 
have been evolved from them ; for in this respect they 
present a striking contrast to the higher Alg® in which 
sexuality is well marked. 

Since it is clear that new hereditary characters can be 
produced by the action of external influences on the germ, 
the outcome of Prof. Weismann’s investigation of the 
phenomena of variation is that he has given prominence to 
the fact that new hereditary characters need not be appa- 
rent in the body of the parent, but that, on the contrary, 
the somatogenic characters are just those which are least 
likely to be transmitted. This is essentially the same 
position, though stated in more precise terms, as that 
taken up by Darwin, who held that it is not the sudden 
variations, due to altered external conditions, which 
become permanent, but those slowly produced by what he 
termed the accumulative action of changed conditions of 
lift. 

With this I close my criticisms, not because there are 
no other points which might be discussed, but because I 
have already touched upon many of them in my “ Lec- 
tures on the Physiology of Plants” (Cambridge, 1886), 
and because I desire at present to deal solely with the 
more fundamental parts of the theory. I have, 1 think, 
said enough to show that, interesting and suggestive as is 
Prof. Weismann ’9 theory of the continuity of the germ- 
plasm, it by no means affords, at least in its present form, 
so complete and ready an explanation of the facts of 
embryogeny, heredity, and variation, as the euthusiasm 
of some of his more ardent disciples would have us 
believe. Sydney H. Vines. 

Oxford, September. 


NOTES. 

Wfi regret to annoance the death of Mr. John Ball, F.R.S., 
which took place somewhat suddenly at midnight on Monday 
last. We understand that the funeral will take place to-morrow 
(Friday), at ii a.m., at St Thomas’s, Walham Green. 

Tufi Reports of the Eclipse Expedition of 1886 are at 
length ready for publication, and wilt be issued immediately 
as separate numbers of the Philosophical Transactions. The 
first, ‘‘On the Total Solar Eclipse of August 29, 1888/* ^ by 
Captain Darwin, Dr. Schuster, and Mr. Maunder $ the Wbdhd* 

On the Observations made at the Idand of Carriacoui^^iB by 
the Rev. S. J. Perry; the third, ** On the Detenniaation of 
Photometrio Int^sity of the Coronal Light,” by Captafo 
and Prof. Thorpe ; and the fourth, ** On the Observatlotlsimil^ * 
at GrcnviUe,dn the Island of Grenada," by IVlEr, H. U. Tu^« 

The collection of objects brought back by Pfdfi Haddo^^^otn 
various islands in Toms Straits is now to be seen in a ^ 
the Eastern Assyrian room at the British Mtueum, oa 
floor of the north-ea^ ai^le of the buildlngt Sp«<did ffibcfiat 
attaches to the anthropologfcat specimens belied 
able collection, 

The list of names to be recommended ^ the new 
the lAndott Mathematical Hodety ati ltd elmaal 
Kovember 14^ dtflers from Chat oflast in thd 
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T^Hpect : fcibe iiam««of Prof. Cayley, F.R.S., and of Prof. W. 
Bankside will be iubmitted to fill up the vacaoctes caused by 
the retirement of Pr* £. J. Romh, F.R.S., and Prof. Hart, of 
Woolwich. 

Thb Library of the Royal College of Sut^eons will, as an 
oepeiiment, be, for the remaining portion of the present year, 
open in the evening. On each week-day except Saturday the 
hours will be from ji a.m. to 9 p.m. ; on Saturdays the Library 
will be closed at 1 p.m. 

A Physical Society is to be formed in Liverpool. It will 
hold iu ateetings at University College, and Prof. Oliver I.xxlgc 
has consented to be nominated as first President. The prelimin- 
ary meeting will be held in the Physics Theatre of Univer- 
sity College, at 8 o'clock on Wednesday evening, November 6, 
Prof. Oliver Lodge in the chair. The Secretary {pra ///«.) is 
Mr. Thomas Tarleton, i Hyde Road, Waterloo, Liverpool. 

Mr. John W. McCoy, who died in Baltimore lately, bc- 
<)ueathed his library, with 100,000 dollars, to the Johns Hopkins 
U niversity. 

On Monday a statue of J. B. Dumas, the chemist, was un- 
veiled at Alats, hifi native town, by M. Faye, French Minister 
of Agriculture. 

Like many other schools, Fettes College, Edinburgh, has 
long been provided with chemical laboratories, but has had no 
room specially adapted for the teaching of physical science. 
This want has been met by the construction during the summer 
of a well-appointed physic.^! laboratory fitted up both for lectures 
and for practical work by boys themselves. There is a well- 
arranged supply of gas and water, several stone slabs for delicate 
instruments afiected by oscillations, screens for projection ex- 
periments, a heliostat window and system of blinds for darkening 
the room for experiments on light. A smaller room leading off 
from the main room is reserved for special work, and is also 
fitted up as a dark room for photography. The laboratory is 
close to the boys’ workshop, and to the workshop of the resident 
carpenter and mechanic. 

An interesting Report by Sir Brandford Griffith, Governor of 
the Gold Coast, has lately been issued by the Colonial Office. 
It describes at considerable length a tour through the interior of 
the colony, undertaken for the purpose of investigating the gold 
deposits and examining the gold-mines at work. The Goyernor 
comes to the conclusion that the country is rich in gold, and 
that it Is merely a matter of the necessary time and scientific 
appUcatioo for the metal to pay well for extraction, He finds, 
also, that *' earnest and wclUconsidered attempts'* are now 
being made to secure success. An appendix contoining a special 
Report on the Winneboh district and its mineral wealth is 
Added. 

At the first meeting of the new session of the Geological 
:$ociety of Glasgow, Mn John. Young exhibited a fine series of 
spedmens of Polysoa and Monticuligrora, comprising over 
twenty species, which he hod thU summer discovered at Kirk- 
rotthelm, |)aat Kilbride* He remarked that the shale which 
ktrids these oiganisms Uel between the first and second Calder- 
«Me Umestones.^ Most of the specimens were taken from blocks 
df eh«le which had been partially burnt in the lime-kilns, the 
rbok in its natural condition Wng of a gray colour, but 
ohawged hf coolact with heat into yellowish gray. From this 
Oh^e the firondsof the Polyeoa, with their lace-like 

mnd but much more prominently than when the shale 
is its ^Inat sthM. They hive also the advantage of being 
ftmimh hatdened, whereas the shale is natotnally very friable, 
dti^jpoSihg ^tnosc whenever it Is exposed to the action of the 
Wemdier. Mr. James Bennie, of the (Geological Survey of Scot- 
piper, ** Things New and Old from the Ancient 
Upio i86y the picturesque little valley 


of Cowden, beyond Crofthead, on the road to Ayrshire, was not 
known to possess any features of si>ecUl geological interest, but 
in that year, having been chosen as the route of the direct rail- 
way to Kilmarnock, it was invaded by the navvy with pick and 
shovel, to the utter destruction of all its natural beauties. The 
gradients being steep, the excavations were extensive, and atone 
point the bed of an ancient take was cut through, containing 
deposits of mud and peat lying lietween two distinct layers of 
boulder clay. These stratified deposits were found to contain 
numerous remains of animal and vegetable life, both of higher 
and lower forms, and, as their presence afforded strong evidence 
of the great ice age, a controversy arose between the upholders 
of a single glacial period and those who believed in two or more. 
Of late years there has been a revival of interest in old lake 
deposits, which led the author to re-examine the subject and the 
specimens of the deposits in his possession. Always a sup- 
porter of (he "interglacial *’ or successive theory of ice periods, 
he re-siated his case in the present paper, bringing forward a 
fresh accumulation of proof. 

Messks. Kino, Menpham, and Co., of the Western Elec- 
trical Work**, Bristol, have sent us a sample of a very convenient 
pocket galvanometer which they are now making. Tt is about 
the si^e of an ordinary watch, the ring suspender acting also os 
a binding screw. It is not only a detector galvanometer, but 
can be used for the absolute measure of currents up to one 
ampere. The dial is accordingly graduated one half in degrees, 
and the other in milliamperes, and is so made that cither half 
can be brought to the top whilst the needle remains in a vertical 
position. I'he front portion carries the dial and jnagnetic needle, 
and the back part of the case contains the bobbins wound with 
copper wire, the resistances of which have been measured and 
particulars furnished with the ins:rument. Small stands are 
also supplied for laboratory use if required. The instrument is 
beautifully finished, and we strongly recommend it to all who 
use batteries in any shape or form. To those who use electricity 
for medicinal purposes, wliere the current is of prescribed 
strength, such an instrument must be indispensable, and its im- 
portance to clcctric-beU fixers and telephone and telegraph worker 
is obvious. To economical users of batteries it will recommend 
itself, as many a good cell may be saved by the detection of the 
one which is really at fault. Full instruclipns are supplied with 
each instrument. 

A GOOD word has at last been said for the sparrow in America. 
In England this impudent bird is decidedly popular, but our 
kinsfolk in the United States consider him an unmitigated 
nuisance. Captain \V. F. Segravc, British Consul at Baltimore, 
writing on the subject in a recent Report, warns the Americans 
that their policy in waging war against the sparrow may prove 
to be a mistake. "The great ‘blizzard* of March 1888,** he 
says, " destroyed multitudes of sparrows, and as a consequence, 
the past and present summers have seen a vast increase in grubi 
and caterpillars. Already in many large cities the inhabitants 
through the public press are complaining of the destruction of 
their ornamental trees^ the diminished number of sparrows fieing 
unable to keep in check the vast incroase which has taken 
place in noxious grubs, worms, and caterpillars.** 

The third and concluding portion of Prof. Kikuchi's (of 
Tokio) work on geometry has just reached us. It is entitled 
" Rittalklkagaku,” or " Solid Geometry.*' He has not been able 
to derive assistance in its compilation from the work of the 
Association for the Improvement of Geometrical Teaching, as the 
syllabus of this subject is yet in an embryo state. If we may 
judge from the figures, he has adapted portions of Euclid xi, , 
I-3I, and of Wilson's "Solid Geometry/* with a brief treat- 
ment of tlie regular solids and the elements of spherical geometry. 
There is an appendix of the equivalents of English terms written 
in Japanese and Roman letters. 
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M£8 BRs. Gurney and Jackson have In the press ** A Hand* 
book oi European Birds/' fay James Backhouse* Jun. The 
author explains that* having frequently experienced the need 
a handy reference volome on J^ropean btrdf!, he has been at 
great pains to meet this want* by endeavouring to produce a 
complete series of short general descriptions, in a convenient 
form either for the portmanteau or the pocket. The work will 
be published by sul^cription during the autumn or early spring. 

The last published number (31) of Excursions et Recon- 
naissances^ the official scientific and learned journal of the French 
possessions in Indo-China* contains the 6rst of a series of articles, 
by M. Aymonier, the well-known scholar, on the writing, dialects, 
history, manners, and customs of the Chams, the ancient mas- 
ters of Annaan proper. The present instalment deals with the 
grammar, and is illustrated by some Hthc^aphs of their writing 
and their curious cursive alphabets. These are followed by a 
portion of a Uomanized version, with a translation, in French 
prose, of an Annamite rhymed tragedy. 

In our abstract of the chemical papers at the British Associa- 
tion (p. 587) we gave an account of the paper on alloys read by 
Messrs. Heycock and Neville. These gentlemen send ua the fol- 
lowing expansion of our statement : — (l) Our exi«riments lead 
ns to the conclusion that the molecule of aluminium when in solu- 
tion in tin is 54, and not, as stated, that its atomic weight is 
difierent from the accepted value, (a) We stated that the mere 
application of Raoult's method to alloys does not decide the 
molecular weight of metals in solution, because we have no 
'Standard molecule, of which the molecular complexity in solu- 
tion is certainly *known, to take as unity. By applying Van 
't HofFs theory of solution to alloys of tin, we calcaUtle a number 
for the fall in the freealng-point produced by one molecule of 
metal in ic»o molecules of tin which is almost identical with the 
constant fall found in our experiments for cne atom of metal in 
100 of tiiu Hence we conclude that, with the exception of 
aluminium, and possibly indium, all the seventeen metals we 
have examined have single atom molecules when in solution in 
tin. Our experiments, therefore, in the main, confirm Prof. 
Ramsay's results obtained by another method , and E. Tamman's 
results with amalgam." 

Methyl hydrazine, CHg-NH— NH j,, the simplest deiiva- 

NHj 

live of hydra^ne or amidogen, | , has been isolated by Pr. 

NHj 

Gustav von Biiining in the Chemical Laboratory of the Uni- 
versity of Wursburg {LitHg*s Annalen). It is a clear and veiy 
mobile liquid, boiling at 87® C., and possessing a most violent 
affinity for water, resembling in this respect the recently-isolated 
hydrazine itself. Its odour is very similar to that of methylaminc, 
and the vapour produces a white cloud in the air due to absorp- 
tion of moisture to form minute drops of the liquid hydrate. 
Brought in contact with water, it instantly dissolves with evolu- 
tion of great heat. It reduces Fehling's solution in the cold, 
and decomposes nitrous acid with copious evolution of free nitro- 
gen. Its hygroscopic character is so pronounced that it attacks 
the skin in a most painful manner, and rapidly destroys corks or 
caoutchouc stoppers. The mode of preparation finally adopted by 
Dr. von Br lining is in reality very simple, the only difficult opera- 
tions being those involving its separation from water. It consists in 
first converting the mono-methyl derivative of urea, CH# — NH — 
CO— NH^ into the nitroso-compeund, CHg— N(NO)— CO— 
NH|; this, upon reduction with side dost and glacial acetic add, 
yields the corresponding hydrazine urea, which in turn is broken up 
by boiling with hydrochloric add into carbonic anhydride, ammo- 
nia, and methyl hydrazine. In ]>ractice, 50 grams of nitrate 
of methyl urea are dissolved in warm water, and the solution 
cooled until crystals begin to form. Crashed ice is then added 
to keep the temperature as low as possible during the adeUtii^ 


of the oakttlated quantity of solid sodium nitrite ; the mamest 
the nitrite is added, the nitroso-compound comtuenoes to separate 
in small yellow lamellm^ and may be obtained recryttalUied 
from ether in much larger slightly yellow tables. The reduethm 
of this nitroso body is then effi^ted by suspending it in water 
and adding glacial acetic acid and zinc dust, the latter in small 
portions at a time, with constant agitation. The cold solution, 
filtered from excess of zinc dust, is then saturated with hydro* 
chloric acid, and afterwards evaporated to a syrupy consisteucy. 
The syrup is next boiled for some hours with a concentrate 
solution of hydrochloric acid in a flask connected with an inverted 
condenser, after which the liquid is neutralized with a strong soda 
solution at a low temperature, and sufficient excess of soda added 
to redissolve the precipitated zinc hydrate. The alkaline solution 
islhen distilled in steam, when the base rapidly and completely 
passes over, ammonia and methylamine escaping as gases. After 
removal of most of the dissolved ammonia and methylamine by 
boiling in the flask supplied with inverted condenser, the base is 
converted to its acid sulphate, dig— NH — NHj. H3SO4, and 
the crystals of this salt are distilled with a concentrated solution 
of soda containing pieces of solid sodium hydrate. The last trace 
of ammonia escapes, wh ile the methyl hydrazine condenses in 
the cooled receiver. After allowing the distillate to remain in 
contact with solid soda for twenty-four hours, and then re-sub- 
jecting it to distillation, it is still found to contain water. It 
was, however, finally freed from water by heating to 100^ C. in 
a sealed tube with anhydrous barium oxide. 

The additions to the Zoological Society's Gardens during the 
past week include a Pigtailed Monkey [Macacus nemestrinus S ) 
from Java, presented by Mrs. Cosh ; three Common Hedge- 
hogs (Erinaceus euroftrus)^ British, presented by Mr. H. Pel- 
ham Curtis ; two Cayenne Aracaris [Rteroglossus aracari) from 
Macey, Brazil, presented by Mr. Thomas Watson Permain ; a 
Red and Blue Macaw {Jra macao) from Central America, pre- 
sented by Mr. Robert Romer, Q.C. ; a Hawk {Asturina 

sp. inc.)from Brazil, presented by Mr. J. E. Wolfe; a Well- 
marked Tortoise {ffomopus 5ignatus\ a Rufescent Snake {Lepto* 
dira ru/escens), three Smooth-bellied Snakes (//omalosoma 
lutrix)t a Many-spotted Snake (Coronella muUimaculata\ a 
Cape Adder ( Vipera atropos) from South Africa, presented by 
the Rev. G. H. R. Fisk, C.M.Z.S. ; two Macaque Monk^ 
(Afacacus cynomolgus 9 ) from India, deposited ; six Indian 
Pythons {Pplhon molurus\ an Indian Cobra {f^aia tripudians) 
from India, purchased. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1889 OCTOBER rj-^NOVEMBER 2. 


/'C'OR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting &e hours on to 24, 
is here employed.) 


At Greenwich on October 27 

Sun rises, 6h. 48m. ; souths, iih, 43111. 55 ‘9s. ; daily decrease of 
southing, 4‘99. ; sets, ifih. 40m. ; right asc. on meridian, 
I4h. 8'am. ; deck 12* 57^ S. Sidereal Time at Sunset, 
19b, 3m. 

Moon (at First Quarter October 31, 9h.) rises, l6h. XUnu j 
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THE GEOGRAPHICAL PAPERS AT THE 
BRITISH ASSOCIATION. 

CCIENTIFIC geography did not form a prominent feature in 
the Geographical Section at Newcastle. As was right and 

a r in so important an industrial centre, it was evidently in- 
i to devote special attention to commercial geography. 
The success was only partial. It will have been seen that the 
President, Sir Francis De Winton, devoted a considerable part 
of his address to pointing out some of the important practical 
applications which may m made of geographical knowledge. 
A^in, one of the ablest and most instructive papers read in the 
Section was ^ Dr. Hugh Robert Mill, on the Physical Basis of 
Commercial Geography. A ntettst^ry j^reliminary^ I>r. Mill 
}>oiitted out, to the study of commercial geography is a full 
acquaintance with topography, especially with the names and 
positions of all commercial towns. A nnessary acedmpaniment 
to the study of commercial geography is a knowledge of the 
ever-varying relations between regions of supply and demand, 
the incidence of tariffs, and the poUtical and social conditions of 
countries. The physical basis of commercial geography, which 
underlies and gives unity to the whole subject, is a knowledge 
of the resources of the earth as regards the various existing forms 
of matter and modes of energy, the best means of separating, 
ooittbining, and modifying these so as to produce commodities, 
and the way in which commodities can be best transported. 
Commerce being the artiheial redistribution of the matter and 
energy of the world, a knowledge of the general properties and 
the unchangeable taws of matter and energy should take a chief 
plaof in the training of commercial men. A general acquaintance 
with this ^pmctieal science, which may be termed appHtti phy- 
or praiiical mrlh ought to be pOHSessixi 

by alf merchants, and a special branch should be familiar to 
^Ch. Amongat the advantages which would thus be gained 
are (i) The merchant would understand the principles of the 
prodttcfion and manufactnre of his goods, (a) He would know 
m nrimy coses, without aimless and extravagant experiments, 
#lMrre It U possible to produce any special commodity in great 
abundance^ (3) He could, to a great extent, aotiedpate the 
fbi^uent chan^ in staple commodities by knowing what other 
U k possible to produce in the regions now yielding 
V Wftaide only. U) He would understand the best and shortest 
xdtttiw^twaaotriMdecemf^ Hlimrattonsandatgumenisshowlnjg 
Ihj! ilhpqrtnnoe of these statements were given In Dr. 

M huge map of the commercial development of the 

: Dr. hfUl has thus done sCmetmbg fo give I 


definite shape to a conceplion of commercial geo^phy. The 
fact is, applied geography in general, like applied chemistry or 
applied physics, implies a sound koowleoge of the subject 
as a science. If the facts and principles of the subject are 
thoroughly known, their .application need not be difficulu 
This application cannot be said to have been very successful in 
Section E. The evident object in view was to exemplify by 
special examples the principles laid down in the President^ 
address and in Dr. Milrs paper. Thus we had a series of papera 
on what purported to be tne oommercial geography of a number 
of countries or regions. The geography, however, in most cases 
was conspicuous by its absence. The papers were certainly most 
useful in their way, and doubtless would be of some commercial 
value. Thus Colonel Mark BelKs paper on the great Central 
Asian trade route from Peking to Kulia and Sem^echensk^ 
and to Yarkand and India, abounded with original information 
collected by an acute observer, and it is hoped will be published 
in full by the Royal Geographical Society. But the minute 
details dwelt upon by the author were quite unsuited to an 
audience. Mr. R. S. Gundry's review of industrial and com- 
mercial progress in China was admirable in its way, and the 
views enunciated by the author original and suggestive. The 
conclusion come to was that a more widespread desire for progress 
and radical financial reform will be required before China is 
likely to rival Japan in the completeness of its transformation. 

There was as usual a considerable number of African papers, 
Some of them really good even from the geo|;raphical standpoint. 
Governor Moloney gave much useful information on the 
Voruba country and its various tribes, his paper, however, being 
mainly occupied with suggestions as to its industrial develop- 
ment. I'he same may be said of Captain Lugard^s paper on 
Nyassaland, and Mr. Rankin’s on the Zambesi. The Rev. R. P. 
Ashe’s paper on Buganda contained little not already published 
in his recent work ; it dealt mainly with the, natives, their 
political organizations, their religion, manners, and customs. 
Captain E, C, H ore's paper on Lake Tanganyika was one of 
the best in the Section. The author, who has lived ten years 
on the lake, described its geographical j^osilion, as occupying the 
central depression of the heights of Africa, from the surrounding 
barrier of which descend the furthest sources of the great riveis ; 
referred to its outlet, the Lukuga, and remarked upon certain 
earthquake phenomena, and the aspect of the depression and of 
the bed of the lake. He gave a general description of the lake, 
with the results of meteorological observations and notices of 
scenery, and aspects of the lake under various changes of 
weather. He described the natives living on the shores of the 
lake and within the central depression, as representing all the 
great African families, and gave some account of their arts and 
industries, and of the produce of the lake i^ion. He sketched 
the African routes and lines of communication a# converging 
towards or crossing the lake, and the present available approaches 
to the lake from the east coast. He then referred to the position 
of the lake amongst and in relation to present claims and opera- 
tions in Central Africa, pointing out what European enterprise 
has already achieved on the lake. 

An excellent paper in physical geography was that of Mr. 
Flinders Petrie on Wind- Action in Egypt, the results of his own 
recent observations in the Nile Delta. He stated that the under- 
lying motions of the Delta are depression on the coast and up- 
heaval at Ismailiyeh. Above these movements great changes 
have been made by wind-action ; in some sites at least 8 feet of 
ground has been removed and deposited in the water. This 
has partly caused the great retreat of the Red Sea head.^arid! 
tends to form the characteristic swamps of this diittrict. Formerly 
the Delta was a desert tract, with valleys inundated by the Nile. 
Before historic times the Nile vane;^ was deep in water, portly 
estuarine, partly fluvial, and great rainfall then look place. 7'hat 
this was in the human age is shown by the position of worked 
flintR. 

Mr. Batalha Reis, in his paper on recent Portuguese explora- 
tions in Africa, put in a claim for exploring activity on behalf of 
Portugal which ft would be difficult to substantiate. Mr. E. G. 
Ravensteln made some important corrections in the course of the 
Upper Nile as laid down in recent German maps. 

Mr. Basil Thomson's paper, on his recent expedition to the 
D'Entrecasteaux and LouUiade Islands, was the same as that 
given some time ago to the Royal Geographical Society, and 
reported in NatuXK. Dr. Carl Lumholtz's paper, on the present 
and future of Queensland, was highly interesting and useful from' 
a colonial point of view. He, moreover, gave some of the^ 
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results of his own observutions during the time he lived with the 
nttivea as one of tbemitelves. He found them to be undoubted 
cannibAlSi and predicts their early extinction. 

One of the moat original and scientific papers in the Section 
was that of Dr. Guppy on the south coast of West Java. The 
author dealt with a part of Java which has not been much de- 
^ribed^ It is one of the least familiar portions uf this large 
island, a ctrcumstance due partly to its paucity of anchorages and 
to the difficulty in lauding ; partly to its having been allowed to 
become in some places a kind of menagerie ; and partly, also, to 
the fact that it lies remote from the chief seats of government. 
Now that the Netheriands Indian Government are rapidly carry* 
ing out their systematic survey of the Preanger Residency, it will 
not be long before the south coast of West Java will be much 
better known than it is at present ; and the recent extension of 
the central' railway to Garoet and Tjirmap will do much to efl^t 
this end. The author^s tracks over West fava would make a 
chequered pattern on a map ; but he has thought it best not to 
refer to localities already well known — localities which arc now 
yearly visited by hundreds of visitors. Taking the central rail- 
way as his base, he performed nearly all die distance on foot, 
walking about 5 ^ miles in all. In the paper he endeavoured to 
give a general idea of this south coast alone. The huge volcanic 
cones were landmarks to him, and nothing more ; they had been 
well described by Junker and others, so he resisted the tempta- 
tvon of climbing them, and reserv^ his main efforts for the 
examination of the little- described and remote south coasts of 
the Preanger and Bantam Residencies. The object he had in 
view was to ascertain what physical evidence there was for the 
l^lief that the west end of Java was originally united with 
Sumatra. In this paper the author showed that all the evidence 
on the Java side of the Sunda Strait points to the opposite con- 
clusion. Zoological evidence cannot be held sufficient to establish 
I he previous coimection between two islands without the physical 
evidence of such a change. The problem, as usually stated, 
seems to b^in at the wrong end of the matter, (liven the 
present distribution of plants and animals, it is then attempted to 
explain tbe previous arrangement of the land, and this 1$ done 
too often without appealing to the physical evidence at all. In 
tracing geographical changes in the past, it would seem more 
reasonable to adopt an opposite method; but in the great 
majority of cases affiecting the distribution of animals, it would 
be wiser in the first place to assume the statu$ quo^ and fall 
back when that fails on the physical evidence of the presumed 
changes. 

As was rightly pointed out by Mr. H. J. Mackinder, Dr. 
Guppy's apparent contempt of the argument from zoological 
dUirtbntion is to be deplored. Hitherto it has been regarded, 
and rightly so, by th^ablest biologists and geographers, as one 
of the surest and most valuable keys to past geographical condi- 
tions ; and ft will require much more powerful arguments than 
Dr. Guppy waa able to adduce in his paper to cast it aaide. 

In a paper on recent explorations in Peru and Bolivia, Mr. H. 
Guillaume described the tfforis which have been made by 
Peruvian and Bolivian explorers and traders to open up the 
fivers and the dense forest country lying between them. Colonel 
LAbre since 187^ has been endeavouring to open communication 
from the Purus to the Beni, He explored the River Iiury and 
its affluents several times, as to the character and navigability of 
which he has contributed much new information. Padre Nicolas 
Armentia explored the Madre tie Dios in 1885, and rcMded for 
:iome time in the country of the Araonas Indians. From its 
mou^ for 2S0 miles the river receives no important tributary; 
the radre believes it has a ivavigahle course of 400 miles for 
steamers. Mr. Guillaume described in detail the gold-bearing 
regton at the source of the Madre de J.)ios. He then referred 
to the explorations of $enor Carlos Fry on the Ucayli and iU 
trlbuta^. the Urubamba. 

Mr, Theodore B^t’s piper, on hie recent visit to the Bahrein 
Islands in the Persian Gulf, was a contribution of some origin- 
ality on the present candition, the antiquity, the inhabitants, 
and past history df this interestiem group. Dr. Nansen's paper 
4 m Greenland was identical wifth Bit given to the Geogfaphi^l 
tiociety, and already repotted in NATuan. 

The Report presented to this Sectlop by Mr, Joseph Thomson, 
on the geography and geology of the Atlas Mountains, can 
hardly be said to contain anyth&ig that has not already appeared 
In his narrative, e^^ept the lists of plants and of Coleoptera. 

Go the whole, it will be seen tw the Geographical Section 
has not a very britUant account to render. 


T/fE MBCmNICA^ P4PBES AT TffE 
BRITISH ASSOCIATION. 

A MONO the papers read in Section G, after the President had 
delivered his address, was one by Mr. Alex. C. Humphry on 
water-gas in the United States. Water-gas is produced oy the 
decomposition of steam by incandescent carbon. The two ways 
of effiseting the decximposttiOo, the intermittent and oontinnous, 
were described. In the first a cupola .furnace is used : a blast of 
air raises the fuel to the necessary temperature ; when this is 
efiected the air is cut off ^ steam turned on, the blowing in of 
air and Steam occurring intermittently. In the oontrnuoos pro- 
cess, steam is passed uninterruptedly through retorts containing 
carbon, which are heated externally, or steam and are foro^ 
in continuously through a cupola mrnaoe ; but the latter process 
has the disadvantage of the resultant gases containing nitrogen. 
Water-ga<< has no light-giving properties so that it has to be 
carburized for illuminating purposes, or employed to raise some 
solid substance to a white beat. The difierent processes in vogue 
were described, and their theory explained. In conclusion the 
author gave expression to the belief that the day of gas, fuel- 
gas, was rapidly approaching ; that even the great rival of gas, 
the electric light, may yet be dependent on it for the cheapest 
mesms of producing the electnc current. Then will the gas 
engineer and the electrical engineer, shoulder to shoulder, be 
striving to correct the present wasteful strains on Nature's store- 
houses. 

Precautions to be adopted when the electric light is supplied by 
I means of transformers, by Mr, KilUngworth Hedges. In a paper 
! the author read at the Southport meeting of the British Associa- 
tion, he urged the necessity of regulations, and the adoption »if 
proper safety appliances, in connection with electric lighting. In 
this paper he rclers to the danger incurred when currents of high 
tension are converted into pressurei^ suitable for incandescent 
lamps by means of transformers. The precaution necessary in 
such cases is either to earth the secondary circuit — ^which, how- 
ever, has certain disadvantages— or to connect one or both of the 
leads to a safety appliance, which would automaticaUY divert any 
excess current to earthy and at the same time shut on the supply 
in that portion of the faulty circuit by the fusion of the lead wire 
or mica-foils in the main cut-outs. Numerous experiments have 
been made with a vacuum protector, designed by the author, 
ascertain the distance which an alternating current of high 
E.M.F. will leap across the two electrodes, which were 
in the opposite ends of a glass tube from which the ait had been 
partially excluded. The results differ from those oburved by 
be la Rue with continuous currents ; the following {^enomemm 
was notioed-;-that the arc, after siortiog between the two points, 
almost invariably extended itself to a bow-shape and Mri ba^ to 
the base of one or both of the platinum electrodes, one Of which 
nearly always fused, leaving the other intact. 

Electric launches on the Thames, by Prof. G. Forbes, F.RaS. 
Launches are chiefly wanted in the summer ; to prevent injurwa 
to banks the speeds should not be high, so that a comparatively 
small supply of accumulators is required. The author expert* , 
mented with the BeUa, 33 feet long, 6 feet beam, fitted 
forty-four cells, weighing 2520 pounds. She is steered by a 
wheel in front within reach of three handles required to work 
her. The fiwt is to put the current on or off; the second for 
half or full speed, and the thir<l for going ahead or astern. The 
first is mechanically locked with the others, so that they cauHOI 
be moved without first cutting off the current. Fusible cut-outs 
are inserted to prevent injury to the motor if the propeller b<^ 
comes jammed. The batteries are under the seats 00 ea;^ aide 
of the boat, thus lexvmg dear space for passengers,, of wIM 
she could curry twenty. The puU at full speed gives I “44 bdrsii- 
power, or 1074 watt^ indadii^ electridd losses, slip, and aU 
friction. The average pressure at the motor tecminalf ^ 
the run was 7,8 volts, and the average current 03 amperes, wfil^ 
gives t7p4 watts expended. This gives a total effld«n«y 0^ 
60 per cent. The author soggested that i^egotlAti^ sfiodld ^ 
opened with the Thames Conservancy to estab}^ chatgi|eg 
stations, as there was likely to be a demand m the Jfilinre 
for electric Umndies. 

Series electrical traction (Northfieet TramwM)* by mi 
Mward Manvllle, M.last,C-E. The ecotremicH 
of electrical power oirer long distahees hmdiml ftre ate'df ^ 
onrrent of high potentii4r ootTby riihnii^ the inntbri ha opes 
the advant«m of hl^h pateorial the 

of a series dlednca) ^omway are m prddpc% 



NATtTRE 


a 4 , 1889 ] 

, ■ ' ' "If " 

^ JMitiDt qimtUy, A closed meUIUc ciktuit of which travelliog 
mpton at all times form a part tirlthout ever heiDf short-circuited^ 
or having the current supply out off from them, and the regula- 
tiott of the power developed by the tnbtor and absorbed by it 
without interrupting the continuity of tlie circuit. An insulated 
cable eonnected to one terminal of the generator traverses the 
Wtlole kimth of the line, and is interrupted at distances of 
90 fettt» the divided ends being connected with the opposite 
&ces of a spring jack, which 7 s at the same time the auto- 
made switch and cental point. The current collector, which is 
the same length as and carried by the Car, is constructed so as 
to pass between the faces of the *' spring jack," and conduct the 
current to the motor without at any time short-circuiting it or 
interrupting the main circuit. In series running, there is little 
danger of &mage to the motor by careless driving, or reversing 
while running ; in descending a gradient there is positive advan- 
tage in checlang the speed of the car by altering the field con- 
nections, so that the armature tends to revolve in the opposite 
directi<m to that in which the car is travelling ; the power that 
would otherwise be lost in braking is thus added to that produced 
by the generator. 

Telephonic communication between London and Paris, by Mr. 
W. H. Preece^ F.K.S. The diflSculty of such a communication 
was not the duttance, 275 miles, between the two towns, as in 
the United States st>eecn is maintained between New York and 
Boston, 350 miles apart ; but the insertion of underground 
wires at each end, and of a cable in the middle, places diffi- 
culties in the way that have to be surmounted. The author has 
experimented on the cables between Dover and Calais and others, 
and finds the conditions to be fulfilled simple. The circuit must be 
metidUc, the material copper, and the product of the resistance 
of the line and its capacity must not exceed 7500 for very good, 
5000 for excellent, and 2500 for perfect speech. A circuit 
approaching nearly as possible one between London and 
Paris was made on an artificial cable, and found to comply with 
the requirements. 

On the purification of sewage and water contaminated with 
organic matter by electrolysis, by Mr. W. Wel>8ter. The pa})cr 
was divided into four sections, of which the fourth referred to 
the ute of the electric current. The fact that water and the 
Saha contained therein are easily decomposed if the current is 
of sufficient inte^ity is the explanation of the whole system. 
The changes taking place in sewage when electrolyzed depend 
chiefly on the splitting up into their constituent parts of sodium, 
magnesium, and other chlorides, nascent chlorine and oxygen 
being set free at the positive and the bases at the negative 
pole. 

The strength of alloys at different temperatures by Prof. 
W. C. UnWin, F.K.S. In 1877, the Admiralty made some ex- 
periments ns to the effect of variation of temperature on the 
tenacity of copper, Muntz metal, and phosphor bronze, and 
found that up to 500^ F, the tenacity diminished pnopor- 
t innately with increase of temperature ; in the case of gun metal, 
<m the other hand, the tenacity diminished regularly up to 300'' 
to 350®, but beyond this temperature there was a sudden 
reduction in the strength, which was found to be as low 
as half that at ordinaiy atmospheric temperature, whilst at 
SnoP It became mV; the gun metal tested consisted of alloys 
m copper, tin, and zinc combined in different proportions. 
The author determined to make a series of expenments, the 
wults of which he brought before the Association. The various 
allMs used, which are tAulated below, were heated in an oil 
bhih, the temperatures employed, being all below that of the 
Cif mefcuiy, were read by means of a mercury thermo- 
Shet^* The resuAu were plotted on a diagram, and given in 
ttid show that the decrease of tenacity follows a regular 
hvw in each cate ; the temperature was given in degrees Fanren- 
Ikhit^ and the tenacity in tons on the square inch. 
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increased. These experiments are of a very important character, 
and were carried out by the author on account of the very high 
pressures, and therefore temperatures, at which modern steam- 
engines are worked. 

Central station heating and power supply, by _Mr, W. W. 
Phipson. The system consists in the constant circulation of 
water at high temperature and pressure (viz. 400^ F. and 250 
pounds per square inch) from boilers at the supply station, 
through supply mains covered with non-conductmg material, 
and rack to the boilers by means of return mains, the circula* 
tion being maintained by pumps. Service boxes to supply the 
houses are fixed under the footpaths, which are connected to 
llie mains by an inch pipe. From these boxes the house supply 
is taken by means of copper pipes. A vessel, called a con- 
verter, is foced inside the house, whose use is to permit the 
water to resolve itself into steam, the pressure of which is (»n- 
trolled by means of a reducing-valve nxed on the copper pipe, 
before it enters the converter. From this converter the house 
services are taken. If a supply of both heat and power is 
required, double or compouna converters are used with two 
reducing-valves, the power being taken from one and the heat 
from the other. 

A curve ranger, by Mr. Alex. P. Trotter. The instrument is 
an ^plication of the twenty -first proposition of the third book 
of Euclid, viz. the angles in the same se^ent of a circle are 
equal. A half-silvered mirror, such as is used in sextants, is 
mounted on an axis at one end of a bar, the other being pro- 
vided with a sight. The motion of the mirror on its axis 
allows its inclination to the sight to be adjusted. To set out a 
curve, a pole is set up at each extremity, and the mirror is suit- 
ably adjusted. When the poles arc seen, the one direct through 
the unsilveved part and the other by reflection in the silvered 
part of the mirror in apparent coincidence, and in the mid(Be of 
the field as shown by the vertical line engraved on the mirror, 
the instrument is then at the point on the curve required. The 
mirror being clamped in position, the observer walks in the 
direction of the curve, and at suitable intervals places himself 
80 that the poles at the extremities of the curve arc seen in 
apparent coincidence. 

On the application of the transporting power of water to tlie 
deepening and improvement of rivers, By Mr. W. H. Wheeler, 
M.Inst.C.E. The object of the paper is to show that the trans- 
porting power of water may be applied to the proposed purpose, 
and that under favourable conditions this can be accomplished 
by breaking up shoals, or the natural bed of a river, by mechani- 
cal agency and by mixing the material with the water, and 
allowing it to be carried away to the sea or Ciituary in suspension. 
The author has designed an improved apfiamtus, which, whilst 
disintegrating the shoal, mixes its material with the water, allow- 
ing it to be effectively transported by the ebb current clear of 
the channel to be improved. 


TN£ ANTHROPOLOG/CAL PAPERS AT THE 
BRITISH ASSOCIA TIChV. 

'T^HE work of the Section commenced on Thursday, September 
12, by Mr. Francis Gallon, K.R.S., reading a paper on 
the advisability of assigning marks for bodily efliciency in the 
examinations of candidates for the public services. In the 
recent report of II.M. Civil Service Commissioners,^ they state 
that, a scheme of competition for physical qualifications having 
been brought before the notice of the War Office, it was* not 
accepted, on the ground that the authorities were ‘'jcomplelely 
satisfied with the physique of the young men who came to 
them through our examinations," The marks, as at present, of 
the candidates whose places lie near the dividing line between 
succe^ and failure, run pretty evenly ; therefore it is contended 
that the State would obtain better slants if such moderate 
marks were allowed for physical qualifications os to insure the 
selection of the most efficient in body from among those who 
are nearly on a par iotellectiudly. ^ 

Mr, Gallon also read a paper on the principle and methods 
of assigning marks for bodily efficiency. Two separate con- 
siderations are involved in the just determination of a scale of 
marks, which are usually mixed up in unknown proportions, (t) 
Absolute pmformance— on the principle that if the daily output 
of one rtian is greater than that of another, he should l>e more 
hkWy paid, or marked, in that proportion. (2I Relative rank- 
on the principle that superiority, however small, insures success 
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in comnetitioQf, and therefore the order of merit deserves 
teco£^uon iodependenUy of the absolute amount of performance, 
llie general conclusion is, that before proceeding to decide on 
acalea of marka.numerous measures should he discussed, mode of 
persons of the Ume age and social class as the candidates, so 
that the quality of the men hereafter to be dealt with shall be 
atatxstically determined. The next step as to decide upon the 
relative weights to be allowed for absolute performance and for 
relative ranlc. Then, after a few other obvious preliminaries 
liave been settled arbitrarily, consistent scales of marks could 
be at once drawn up. 

A paper pn left*l^gedoess. by Mr. W. K. Sibley, was read, 
in wmen the author contended that man is either naturally or 
artificially right-handed and leftdegged, and. in walking, tends 
unconsciously to bear to tbe right ; while the lower animals, on 
the other l^aod. appear nearly always to circle to the left. The 
left foot is more frequently the larger in the mate than in the 
female sex. and the percentage of feet of the same size is greater 
in the female. TKe percentage of the right larger than the left 
is very constant, whereas the numbers of the left lazger and 
those in which both feet are the same size are much more variable. 

Prof, D. J. Cunningham read a paper on the occasional 
eighth true rib in man, and its possible relationship to right- ^ 
handedness. In seventy subjects examined the anomaly occurred 
fourteen times. i,e, in 20 per cent. It was found twice in the ; 
male for every once in the female. Five cases were bilateral, 
nine cases were unilateral, and of these no less than eight ex- 
hibited the anomaly on the right side. From this Prof. 
Cunningham considered that it was just possible that the 
anomaly might have some connection with right-handedness. 

The following papers were also read : — Dr. W, Wilberforce 
Smith, on the early failure of pairs of grinding teeth ; Dr. Ridolfo 
Livi, on the development of the wisdom teeth ; Prof. D. J. 
Cunningham, on the proportion of bone and cartilage in the 
lumbar section of the vertebral column in tbe apes and in 
different races of men. Prof, Cunningham also exhibited the 
model of the head of a man stated to be 106 years old. with 
the braiq exposed, in sifu ; and the model of the head and 
shoulders of a young orang-utan, with the brain exposed. 
its situ. 

On Friday. September 13, His Excellency Governor Moloney, 
read a paper on African airs and musical instruments. 
He distributed the airs geographically as follows A, Gambia ; 
Bf Ewe or Dahomey; C, Yoruba; and D, Houssa. In the 
first division specimens were given of Bambara^ MmdiPigQ^ and 
melodies, while and Dahomry airs illustrated section 
B, The Yoruba division included Lagot, Ibadan^ and other 
aim, and reference was made to several Homsa melodies. 
These countries topographically described, and brief 

reference was made to their musical instruments and to the 
native xziinStrels. The paper concluded with an explanation 
of what is known as the arum 

Mr. Paul B. Du Chaillu read the next paper— the Vikings 
the direct ancestors of tbe English-speaking nations. Tbe 
^thor described the early civilization and antiquities of the 
North^men. and dwelt upon the beauty of their ortvamenls and 
weapons, and also upon the similarity of Scandinavian and 
English ornaments belonging to the Early Iron Age, and the love 
of the Northern people for the sea. He spoke of the three 
maritime tribes of the North, according to the Romans, and of 
the fleets of the Sueones in the time of Tacitus ; of the ex- 
peditions of the so-called Saxons and Franks, and of the home 
of these tribes ; of tlte proofs from antiquities found in the North 
of the commerce of the North-men with the Roman Empire and 
with Greece ; and also pointed out that the tribes of Germania 
-were not a scoring people, and were uncivilized, according to 
Roman writers. He pLve an account of the probable origin of 
the names ** Saxon and ** Frank.*' and spoke of the early 
settlements in Britain by the North-men daring the Roman 
occupation, and of how the name of England might have been 
given to part of Briwln.* He alluded to the different countries 
of the Jutes, and huw the lai^u^pe of the North and that of 
Etiglaml was similar in ear^ rimes, and that England was 
always called by the Northfmen ont of the Northern lands. 
He mentioned the English and Frankish chronicles, in which 
the Sueones. XBases, and North-men are described, and that 
neither Saxons or Pranks were a iea-faring people either at the 
time of Charlemagne or at any earlier Mriod, and he dwelt on 
the mythical settlement of Britain by Hengbt and Horsa. given 
by the English chronicles, which is quite contrary to the Roman 
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recordSt Sagas, and archmology, and coneluded by expre^amg 
his belief that the North^men, or Vikings, were the direct 
ancestors of the English peopfe. 

Canon Isaac Taylor contributed farther researches as to 
the origin of the Aryans. Since the Manchester meeting of the 
Association in 1687. when the author read a paper on the sanm 
subject, he had re-examined the whole question from the 
anthropological rather than from the philological point of view. 
Assuming that there had been no migration of any new race 
into Europe since the Neolithic period, he contended that 
anthropologists have established the existence in Europe of four 
distinct prehistoric races, which might be reasonably connected 
with four existing types, which occupied nearly the same regions 
as the four prehistoric races. We have (l) the taU noTthern 
dolichocephalic race, the Canstadt race of De Quatrefagea, 
which is the Scandinavian race of Penka, and the Eguisheim 
face of other writers. The stature of this race amounted to < feet 
10 inches. It was platycnemic, prognathous, and dolicho- 
cephalic, with a mean cephalic index of from 72 to 73, The 
only pure descendants of this race are the North OermanB and 
the Swedes. This Scandinavian or North-German type is 
maintained by Penka and other Carman writers to represent the 
primitive Aryans, who conquered the other European races and 
imposed on them their own Aryan speech* (3) We have a 
second type, also dolichocephalic, called the Silurian type by 
Prof. Rolleston, which is found in the long barrows of England. 
The normal stature was short, averaging 5 feet 4 inches ; 

6 inches less than that of the other dolichocephalic race. The 
cephalic index is between 73 and 74, This race was ortho- 
gnathous, and swarthy, with dark curly hair, oval face, and feeble 
muscular development. It is now represented by the Welsh of 
Denbighshire, by the Irish of Kerry and Galway, by some of 
the Scotch clans, by the Spanish Basques, the Corsicans, the 
Sicilians, the Berbers, and the Guanches of the Canary Islands. 
(3) We have a tall northern brachycophalic race, represented in 
the round barrows of the Bronze Age in England, in the tumuli 
of Denmark and some caves of Belgium. The average stature 
was 5 feet 8^ inches, the imean cephalic index was Si. It was 
macrogoathous-^with projecting teeth and powerful jaws, a 
square powerful chin, and a face quadrangular rather than oval. 
It U almost certain that the hair was light, either red or reddish- 
yellow. It was. in all probability, the race which introduced 
Celtic speech into England, and is now represented by the tall, 
yellow, freckled Irish, by some Highlanders, by the Danes, and 
most of the Slaves, by the Esthonians, and by many Finno- 
Ugric tribes. (4) The fourth prehistoric race was also brschy- 
cephalic, but short in stature. It never penetrated to Kngl^, 
but is represented in the sepulchral caves of the Lease in 
The stature was from 5 feet to 5 feet 3 inches; the mean 
cephali index was 84 ; it was otthognathous and acrooi^halic. 
It is now represented by the short dark population of Central 
France, more especially by the Auvergnats, the Savoyards, and 
the French Bai^uea. It is found in the Khsetian Alps and 
among the Lapps. The hair is black and straight, and the eyoa 
are dark. These four types and no others appear to have 
occupied Europe in the Neolithic period. It is <fi6ficttU \o fttwl 
for them unexceptionable names, but we may for oonvenknee 
call the hret tbe Scandinavian type, the second the Silurian type, 
the third the Slavic type, the fourth the Auvergoat type- We 
have to determine which of these four races was probably the 
original Aryan race. The primitive Aryans must have either 
been by race Scandinavians or Slavo-CdU, and one must haye 
imposed Aryan speech on the other. The Celts seem to have 
been in a higher stage of culture than the Germans, and thdeo* 
fore it is more probable that the C^tlc race Atyanized ^he 
Teutonic race than that the Teutonic race Aryaniaed the Celtic 
race. Two hypotheses are possible— mther the human rttOe 
originated in Europe, bifurcating into the African and Aekllg 
races ; or we may suppose the wmte or European race to have 
originated from the union of the ye^ow race of Asia and the 
Wack race of Africa. ^ 

Canon Taylor also read a paper on the ethnologicsl^«|gis{n- 
cance of the beech. While the Latin Jagus and the pottwe 
botea denote the beech, the wmrd has come to mean 
oak in Greek. Thk author endeavoured to ^ 

*#ord /aguf origmally denoted the beech and not thO 
9 f\to that the Greeks entered IfCltas from the nprth^eSri^^ ^ 
rat^e of the beech Is llinlted* |t is a lover of 
does not grow east of a tine d^wn jkotn ICbnigifee^ w m 
Crimea. Wsdt of ritib ibte we mart therefore put ilm 
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Ofeebi CttltlCi ftnd Teutonic peopfeSt as they had the same 
name kit tht prior to their linguistic sepamtion. The 
tithuanhin and Sbimnic tongues must have originated east of 
this linei as their name of the beech is a loan*wora from the Ger* 
man. The early home of the beech seems to have iMcn limited 
to France, Centml and Southern Germany, Northern Greece, 
ail 4 Northern Italy. If, as has been contended, the cradle of the 
Eunmeaa Jiliyans was in Central Asia, where the beech is unknown, 
it is difficuU to explain how the ancestors of Celts, Latins, Greeks, 
and Teutons migrating, at different times and by separate routes, 
to lands where the beech abounds, should have called it by the 
same name, modified in each case by the fundamental phonetic 
laws of the various languages. It is easier to believe that the 
cradle of the Aryans was, so to speak, astride of the beech line, the 
ancestors of Celts, Latins, Greeks, and Germans living to the 
west of it, and those of the Lithuanians and Slaves further to the 
east. 

In a paper by Mr. Hyde Clarke, on the right of property 
in trees on another’s land, os an origin of rights of property, 
the author stated that his attention was first called to the subject, 
as a X^nd -judge or Commissioner in Asia Minor, in 1862, in 
granting compensation for olive-trees belonging to one or more 
mdividuals on the fields of others, and for honey-trees or hoards of 
wild honey in State or Communal forests. The author had found 
evidence os to the existence of the custom in Borneo, with regard 
to Tapang oi’ honey-trees, and in Chota Nogpore as to the 
Mhowa, a tree furnishing food, spirit, oil, &c. In China a 
lessee htw the right to bamboo, &c., grown by him. The 
practice in the Turkish Empire he found extended into the 
European provinces, as applied to plum-trees in Bosnia. In 
Iretatid it was recc^nized in the Brehon Laws as an individual 
property separate from tribal property. It is probable that the 
personal right of the first discoverer of honey and simitar trees 
IS to be regarded as the origin of an individual right of property 
rather than any right in land, which is of no value in a primitive 
community. Even cultivable land belonged to the community, 
and was distributed by lot yearly. 

A paper by the Rev. J. Wilson, on an hypothesis of a 
Enro^an origin of early Egyptian art, was also read. 

On Monday, Septeml^r 16, Dr. Garson exhibited an anthropo- 
metric instrument specially designed for the use of travellers. 
This instrument occupies very JittJe space, and its weight is 
scarcely more than that of a detective camera. It can be used 
for taking all measurements of length and diameter with ease 
and accuracy. 

Mr. Francis Galton, F.R.S., exhibited an instrumeiil for 
measuring the reaction time to sight and sound signals, and ex- 
plainetl that they heard much about the quickness of hand and 
eye* When anyone saw or heard a thing he made a movement, 
aod between the sight and the movement many physiological 
processes took place so quickly that the flash of lightning was 
nothing to it. The Instrument he exhibited was intended to 
make an accurate measurement of the time which elapsed between 
the semng or bearing of anything and the time occupied in 
making a certain movement afterwards. 

Dt. Thomas Wilson gave an account of the Smithsonian 
Xflstitution in the United ^tes of America, and its work reUhing 
to anthropology. 

In a paper by Dr. MacLaurin, on the British race in Australia, 
the author said that he did not think there was any distinct type 
of Configuration in the Australian-born inhabitant which was 
Stiflident to distinguish him from the ordinary Englishman, 
Scotchman, or Irisnman. The muscular vk^ur of the British 
AnstraUta race could be estimated by the readiness with which it 
enteitd Imo athletic exercises, and -the result of this had been 
evident in the number of sculling champions and cricket teams 
that had recently visited this country. The population was in- 
Oteealogthroi^Kh the excess of births over deaths, which idtowed 
Cl^ the Vitality of the race had not been diminished by trans- 
to Anttralia. 

Mr. H. H. Bisley next read a piper on the study of ethnolo^ 
M It wks Mtown that the population of Nbrthem India 

: eoMPrift^ three disduct types, vis. (l) A leptorliine dollcho- 
e of tsdl stature, hit complexion, and high facial 

B rently correspcmdfng in all pointSi^cept hair and 
?lirith the Amn type as defined by Herr Karl Fenka, 
(g) Aplatyrhine dolichocephalic type of lovi' statute, 
m dutk complexion, and low facial angle. The wider 
m of diis upe are. uncertain, and it is tentatively 
ttnily described' as AtMtialioid. (3) A mesorhine, 


platyopic, brachycephalic type of low stature, yellowish com- 
plexion, and low facial angle, described, in virtue of its low 
naso-malar Index, as Mongmoid. The types thus worked out by 
anthropometric methods were shown to correspond with certain 
ethn Orphic groupings independently ascertained. In the 
Aryan and Australioid tyi^es the social status of each caste or 
tribe is found to vary inversely as its nasal index ; tribes with the 
highest index having the lowest social rank, and ttice vers^^ In 
the brachycephalic group social status .appears to vary with the 
cephalic index. An attempt was made to deduce a theory of 
the probable origin of caste, and also to account for the customi 
of exogamy l>y the operation of the law of natural selection. 

Prof A. C. Haddon read a paper on some former customs and 
beliefs of the Torres Straits islanders. The natives of Torres. 
Straits are divided into two distinct tribes-^the eastern tribe, 
which inhabits Uga, Emb, and the Murray Islands ; and the 
western tribe, which occupies all the remaining islands. The 
islanders were divided into clans, each clan having some animal 
I for its totem, such as the dugong, turtle, dog, cassowary, snake, 

I shark, &c. llie women used to have a representation of their 
; totem cut on the small of the back. In the western tribe the 
lads on entering into manhood underwent a month’s isolation in 
the bush. In the eastern tribe two elaborate ceremonies at- 
' tended the initiation of the lads, hut the discipline does not 
; appear to have been so severe as in the other tribe. It was the 
{ custom in the western tribe for the women to ask the men in 
' marriage. On the other hand, in the eastern tribe the men pro- 
‘ posed to the women, and the women had to undergo a period 
of partial seclusion previous to marriage. The eatmg of food 
, together was a feature in marriage. Belief in sorcery was universal, 

I and all sickness and death were attributed to the charms of the 
1 medicine-man. There were also rain and wind makers, 
j Some observations on the natural colour of the skin in certain 
Oriental races, by Dr. J. Beddoe, F.R.S., was read. The author 
made numerous obsetVations of this kind in the course of a voyage 
I round the world. In most cases he found the colour of the clothed 
and protected body much lighter than is generally supposed. 
The capadty to tan, or become darker by exposure, varies much : 
thus the Melanesians are naturally lighter than the Australians, 
but they burn much blacker. 

The following papers were contributed by Dr. R. W, 
Felkin: the normal temperature of the Soudanese, Negroes, 
and Europeans in Tropical Africa ; and the differences of sensi- 
bility between Europeans and Negroes, and the effect of education, 
in increasing the sensibility of Negroes. Some anthropological 
notes collected by Mr. Edward Beardmore at Mowat, Daudai, 
New Guinea, were also read. 

On Tuesday, September 17, Dr. Fr^tjof Nansen read a 
paper on the Esquimaux. He said they were a race by them- 
selves, and he did not think anthropdogists agreed yet as to their 
real origin. He thought that tradition showed the Esquimaux 
really came from Amenca. The Esquimaux of Greenland were 
now divided into two classes — those on the west coast who had' 
been civilized bv the Danes, and those on the east coast who> 
were uncivilized. Esquimaux were seen in the north in 1823. 
The eastern Esquimaux had warmer clothes than the western^ 
ones. The young girls wore their hair loose, but afterwards 
they put it up in a knot at the top of the head, as a sign that 
they were ready for marriage. The Esquimaux, as a rule, lived 
in small tribes, and as many as ten families often lived in one 
hut, The Esquimaux had no written laws, but they had un- 
written laws, which were kept strictly. The head of the house 
and the chief of the tribe was the best catcher of seals. io 
property, they did not really know that word. No man had 
anything for himself, and any seals caught were divided between 
the fatmlies. They did not steal from each other, but they 
liked to Steal from Europeans, Murder was not uncommon 
amongst the Esquimaux, and the punishment was really nothing 
at all. The men married os soon as they could catch sufficient 
seals to provide for a wife. Near relations, such as cousins, 
never married. On the east coast some men had two wives, the 
reason being that one wife could not prepare all the seals they 
caught. The children were not punished. Weak and deformed 
children, and those who lost their mothers, were as a rule thrown 
outside the house or into the sea. Old people, who were ill, 
were often thrown into the sea. He thought the time would 
come whcKb the Esquimaux would be extinct. 

The Rev. O. Home Hall read a paper on Northumberlandi 
in prehistoric times. On the ea$t coast of England no trace of 
the Cave-men had os yet been found further north than Norfolk.^ 
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catne, After an immense and unknown lapse of time, to the 
KeoUth^c period, when the earliest inhabitants of Northumber- 
la^, who were, so for as can be ascertained, cc^nate with the 
Basques and l<«Pps, crossed tlte T^ne iti small uimily or tribal 
bfiumt probably neve^ numerous, their polished 

weapons and implements bad bi^n frequently found. Con- 
siderable hoarda;of bronze had been found near Alnwick, Roth- 
and WalUngton. Beads of gold were discovered in a 
barrow at Four Laws, or Chesterhope. Near Bellingham, in 
North Tyncdale^ a £pid armlet was found. Burial by inhuma- 
tion was cuBtotn^l^ the later Stone Age, and cremation fol- 
lowed. InteniM^ were sometimes in split oak coffins, found 
at Featherstone, but usually in stone-lined graves, the body 
being doubled np as in the posture of sleep, sometimes with an 
iron food-vessel placed near the head. The author explained 
the migrations of the people in early times. To the Iron period 
we owed the introduction of the greater part of the names of 
focal mountains, hills, rivers, and streams, as the Tyne from 
**don” dr ** tan,^' the water. The bronze-using invaders may 
have landed tn Ft^l^ad about B.c. looo, and the Iron Age in 
Northumberland might have begun about u.c. 500 or 400. 
Modern Northumbrians, he concluded by remarking, might 
j>erchance owe more than they thought to the combination of 
racial characteristics resulting from the continuity of life 
proceeding from even prehistoric times down to the present 
day. 

Sir William Turner read a paper on implements of stags* 
horn associated with whales’ skeletons found in the Carse lands 
of Stirling. He showed that skeletons of whales had been found, 
together with implements of stags’ homl The discovery of 
these horn implements showed that when the fertile land now 
fornring the Carse of Stirling was submerged below the sea- 
level, the surrounding high lands were inhabited by a hardy 
Oaledonioh race, who manufactured useful tools and weapons 
from the antlers of the red deer. It was probable that the 
whales had been stranded during the ebb of the tide, and that 
the people had descended from the adjacent heights, and, with 
the aid of their chisels of horn, had spoiled the carcass of its 
-load of flesh and blubber. There was nothing in the shape of 
^those implements to lead anyone to suppose that they could be 
used in tne chase of the whale. The period of this ^ople was 
probably covered by that termed the Neolithic, the termination 
of which was stated to be from 5000 to 7000 3^ears ago. 

Mr. Bernard Hollander read a communication on the relations 
between brain-functions and human character, with the view of 
showing the possibility of a scientific phrenology. 

The following papers were also read :^ProC G. J, Romanes, 
F.R.S., on the origin of human faculty ; Prof. Frazer, on a new 
method pf illustTating the topographical anatomy of the brain ; 
Mr. George WeddelU notes on classification in sociology ; Mr. 
S. B. J. ^iTkertchly, on fire-making in North Borneo, and on 
«ome Borneo traps ; Mr. Tames Macdonald, on manners, customs, 
and superstitions of South African tribes. 


THE MAORIS. 

A N iinuaually lengthy Report from the Registrar-General of 
New Zealand on the condition of that colony, which has 
lately been laid before Parliament, contains some interesting in- 
formation respecting the present condition of the Maoris. Mr. 
Brown says that, according to the traditions of the Maoris, their 
ancestors first arrived in New Zealand from an island in the 
Pacific Ocean, to wtdeh the name of Hawaikl U given. Since 
that ^ event it appears, from genealogical sBcdui kept by the 
tahuHgas, or priests, that about 20 generations of the race have 
lived. The number of the Maori race at the time of the first 
foundation of the colony, in i 34 o, was estimated at about 80,000. 
'Fwenty years previoufily tlie number had been estimate at 
100,00a In 1557 an enumeration of the race was made, iitom 
^'hich it appeared that the number of males was then about 
31,667, and that of the females about 34 >^ 3 ; and of those 
whose sex was not stated, 79 ; * total of 56,049. Subsequent 
attempts at enumeration haye been made ; but, owing to the 
obj^Lons felt bv natives to stating their numbers, and to the 
-dimculties experienced in obtaining information in those parts 
to which the European was not allowed free access, with not 
wholly satisfactory results. The latest, and probably most 
accurate, of these enumerations, was made in 1886. Thii geve 
the number of males as 22,840, and the females os 19,129; a 
total of 41,969. 

That there has been a serious decrease in the numbers bf the 


race of years is the general opinion of all competent tn 
judge, and a considemtiM of the numbers of each Seu, and the 
pfoportlen living at eadn„ age-period, leads to the conelmitcm 
that in all probahility the decrease is still prbgreSalve, fit 
1886 the proportion of fietmales was 8575 to every 100 males. ^ 
In the European portion of the population the ptoportion was 
85*28 females to lOD mal'ea, ; The proportions are not relatively 
comparable, as the excess of European males over females is 
cauB^ by immimtionj but there is no external cause tb 
account for the Maori males being more numerous than the 
females* In the European portion of the population, nndcr 20 
years of age, the proportion was loo males to 99 females ; in 
the Maori population under 20, the proportion was 100 males to 
87 females. The males under 15 years of age were in the pro- 
portion of 31 ‘82 to every 100 of the male population, and the 
similar proportion among the females was 33 '59 ; these being 
iess than the proportions in rS8i — an evidence of a low birth- 
rate, Of high juvenile mortality, leading to a racial decrease. 

On comparing the proportions living at eacli quinquennium 
uuder 20, and each decennium above that period, with the 
corresponding proportions in the population of England, and 
that of the New Zealand European, it is found that at all ages 
under 20 the proportions among the Maoris are far less than 
among ihe other two populations, and at each age-period above 
40 the Maori proportions are far higher. It is, of course, a fair 
inference that the causes of these larger proportions at the higher 
age-periods are two-fold-— namely, a low birth-rate, and a high 
deatn-ratc among the younger memliers of the community. This 
is borne out by the much smaller proportions of young children 
to those in either the English or New Zealand European com- 
munities, The smaller proportion of females (8375) to males 
(100) also shows a greater mortality among the adult 
females than among the males, as 42*29 per cent, of the 
females living were tunder 20 years of age, but only 3970 v>er 
cent, of the males were under 20. The manifest decrease 
in the numbers of the race is much to be regretted, for the 
Maoris show great aptitude for civilisation, and they possess fine 
characteristics, both mental and physical, and rapidly adopt 
the manners and customs of their civilized nefgkbours. In 
mental qualifications they can hardly be deemed as naturally 
an inferior race, and the native members of both the Legis- 
lative Council and the House of Representatives take a dignified, 
active, and intelligent part in the debates, especially in those 
having any reference to Maori interests. The Maoris contri- 
bute largely to the taxation of the country through the Customs 
duties ; and, having regard to the relations now subsitUng 
between the races, they may be regarded as constituting an 
important element of strength in the population of the coloiiy. 

On the subject of the education of tne natives, Mr. Brown 
says the number of native village schools at the end of 1887, 
either supported or subsidized by the Government, was seventy- 
nine, an metease of eight on the number in 1886. In addition, 
there were two more subsidized private schools for the ednoatioo 
of Maori children only, and seven boarding-schools for nativp 
children, the cost of whose maintenance was paid either by 
Government or out of endowments. The number of Maori 
children attending school at the end of 1887 was 2812, via. K6t4 
males and 1200 females. These included children of mixed 
European and Maori blood, who live as members of native 
tribes. The following is a statement of the number of Maori 
children who were attending schools in 1886 and 1887 

1SS6. sfiftr. 

At public European schools 475 ... 345 

At native vUIage schools 1910 ... 2215 

At subsidized or endowed boarding- 

schools 162 ... 156 

At private European or native schools 100 ... 98 

There was thus an Increase of 165 on the number of nativd 
chiMren who were being educated m 1887, There was a 4 ^ 
crease of 132 in the number attending European pubfic sdmvli* 
but an increase of 305 on the number attending the native vHlige 
schools. / ^ 

The information supplied respecting the age of the Maidri« 4 t 
the census of x88i was very incompbte, and thertdbrf 
merely approximate estimate can be given as to the 
living at the usudl school ages* 5 to rc Ont of a ' 

popidation of 22,84a males and 19,229 fem^leSr tlie > 

22,724 idhles and 17*988 females were given as 
over 15 yearn. The proportion of those under 
the whole of the population, would give 7226 tmues^ ; 
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imder 15 of age. If it be asgumed that the 

iiumbeti living nfidfor 5 JtM of age boar the same proportion 
to tha virh<^e tiumber Under ij years of Uge as in the Earopean 
po^iott of the pO|mUtinn» the Above nhmbens would give 4596 
MAoH males and 40S2 Maori females between 5 and tf years of 
agOi At ail the chUdren attending the private and public schools 
inay be fairly taken at over 5 and under 15 years of age, and 
the ages of those attending native spools are aseestaiaable, it 
may oe foughly stated that nearly 3a per cent^ of the Maori 
boys and nearly ay per cent* of the Maori girls betw^n 5 and 
15 years of age attend schools. 


SCIENTIFIC SERIALS. 

Realt IstUutc Lomhardo di Scitnzt e LeUtre. Rendiconii^ 
vol, axil fate, xv.-xvi,— It appears from experiments here 
described Ijy Signor Sormanl that the Bacillus and spores of 
tetanus may be wuwn into the respiratory passages by inhala- 
tion, or even injected into the bronchial tubes, without producing 
tetanus. The Bacillus is probably anaerobic, unable to develop 
in presence of oxygen. The tetanus called rheumatic is thought 
to oe of traumatic origin really, the wound being slight, and bat 
little of the virus introduced. Tetanus is most common in 
Northern Italy ; its maximum being in Lombardy and Emilia, 
where people fiequently work, in the hot season, with hare 
feet. attacked in the proportion of 100 males to 30 

females. 'Ine mortality in hospitals is about 44 per cent of those 
attacked ^We note two medical papers : on recent Innovations 
in treatment of free inguinal hernia (Signor Scorenzio), and on 
hbroma of the breast (Signor SangalU). — An inquiry into the 
nature and uses of the stuje and warm baths of the middle and 
kter ages is summarised by the author, Signor Corradi, — Signor 
Maggi writes on the principles of the theory of potential functions, 
andthere ore continuations of tnathematical papers by Signors 
Oschieri and GiuJio. 

Bulhtin de V A cadhnie Ray ale des Sciences de Belgique^ No. S, 
iS«9. — M. Ma^art here seeks to account for thA penetration of 
spermatozolds into the egg of the frog by the resultant attraction 
of the gelatinous mass round the egg, which, absorbing water, 
presents a gradually increasing density Inwards. If a piece 
of the episperm of linseed or quince be put in water containing 
Bpermatozolds, the mucilaginous matter round it swells similarly, 
and» during the twenty minutes this continues, the spermatozoids 
are attracted, and make their way to the centre. When the 
absorption ceases, they stop too. The gelatinous covering of 
the fm's em, separated from the latter, in water, afiects them 
aimitarly. M. Massart bolds that sensibility to contact is the 
explanation of the phenomena (not mechanical attraction, nor a 
sense of the direction of the current). — M. de Keen describes a 
simply DOW. apparatus fpr measuring the heat conductivity of some 
homolpTOus Q^anic liquids, and snows that, in a given series, the 
oondoctlvity diminishes with increasing molecular weight ; but 

the square of ^ varies generally dess rapidly than the weight. 

He also discusses the dilatability of liquids in relation to mole- 
eular movements, — M. Henry studies the volatility of normal 
oyanic e^iors, and of poiy^oxygenated carbon compounds ; find- 
the simultaneous presence of oxygen and nitrogen, or the 
noonmuktion of oxygen, at one point m the molecules, a power- 
fhl cause of it. He has also a short piq>er on monohaloid ethers 
dfethylenic glyool.-^M, Dewalque supplies some pbenological 
i^(Ures for Spa, &c. A valuable paper on the svastika 

D^peata in the section dit letires. 


SOCIETIES AND ACADEMIES. 

London. 

Bmom^Oglcal Society, October u.— The Right Hon. 
Lord Walalnah&m, F.R.S., President, in the chair.— Mr. F. F. 
FUtooe exhibited a number of species of Coleoptera, Lepido- 
pteia, HynheoopWta, Neuroptera, Hemiptera, Orthoptera, and 
jDkiteWt oolierted by himsdf during the past summer at Erin- 
dm and in Qreece end the ItmUn Islands.— Mr. J. ly. Douglas 
bent for specimens of Lygtes piscieeda^ Puton, a 

tmepieft new to ErttaiUi iAken at H^ordi in September last, 
% T, '.A* Ghapmsn.— Mr. K McLaehlan, F.R.S., exhibhed 
iApihr iloo aiwchiiens of Trichoptem recently cdleoted in Ice- 
R B. Maaon. Only six species were reweMmed, 
AM’Of »e»e dve had been prevlou$ly recorded from the island. 

remarked on> the great amount of Yariaeion 


I 


existing in some of the specimens. — Mr. E. B. Foulton, F.R.S., 
exhibited a mounted specimen of the yellow powder from the 
cocoon of Clisiocampa neustria under a power magnifying 18S 
diameters. The powder was thus seen to consist ^ crystals so 
minute that the form could only just be mode out under this 
power ; it was present in a crystalline form in the Malpighian 
tubules, and discharged from the anus of the larva. A discussi^ 
ensued as to the functions of the Malpighian tubes, in which' 
Mr, Stainlon, F.R.S., Lord Walsingham, Dr. P. B. Mason, 
Mr. McLaehlan, and Dr. Sharp took part.— Mr. Foulton also 
exhibited some photographs of the living larvie of //emervphila 
abruptaria, showing dtlTerent depths of colour which had been 
induced by experiment ; the larva: had l)een rendered very light 
in colour by being surrounded by green leaves and stems only, 
whereas they had become extremely dark when numbers of dark 
twigs were intermingled with the leaves of the food>plant. Mr. 
F. Merriheld said that Dr. Chapman had recently obtained 
similar results from experiments made with the larvae of Ennomoi> 
alniaria, — The Rev. Dr. Walker exhibited, and lead notes on, 
a number of Coleoptera, Neuroptera, Hymenoptera, and Diptera, 
which formed the second instalment of the collection which he 
had recently made in Iceland. — Mr. U. South exhibited a speci- 
men of Luperina nrcker/iif Freyer, caught in Lancashire 
last August. He also exhibited, and reotl notes on, a long 
series of Boarmia repandata^ bretl from larvae collected in North 
Devon, Mr, Foulton, Mr. Mcrrifield, and Lord Walsingham 
look part in the discussion which ensued. — Mr. T. J. Walker, 
K.N,, exhibited a collection of Coleoptera made during the pas» 
summer in Cobham Park, Kent. Thirty-three sj>ccies weie 
represented, amongst which were the following, viz. Eros 
minuius^ Pkilontkus fuscuSi Hofnaloia hepatica^ Abrmis granu- 
lum^ Anisotoma grandist Agaricophagits cephaloteSy Thalycra 
sericea^ Crypiophagus ruficornis^ Platyiarsns setidosus^ &c, — 
Herr Jacoby exhibited a curious Phytophagous b|L*etlc found by 
Mr. J. H. Leech in the Corea. He stated that he was unabltr 
to determine the species, as was also Mr. J. 5 , Baly, to whom 
he had submitted the specimen. — Mr. R. Adkin exhibited speci- 
mens of Retina resinelia^ received by him from Forres. Lont 
Walsingham remarked that he had never seen the species in 
Scotland, but that it was not uncommon in Germany. — Mr. W. 
Dannatt exhibited a male specimen of Papilio antimachus^ 
Drury, received from Lukolela, a station about 500 miles from 
the mouth of the Congo. He stated that the species, although 
very rare, had a wide range, as three other specimens of it had 
been received from the Stanley Falls, which were more than 
800 miles further up the Congo,— Lord Walsingham exhibited 
specimens of the larva and imago of Cidaria reticulata^ collected 
in the Lake District, and sent to him by^r. Hodgkinson.— 
Mr. J. Jenner-Weir exhibited fore-wings of^he males of Argyn. 
nis paphia^ A, adippe^ and A. allautisj denuded of the scales, 
in order to show that there was no dilatation or thickening of 
the median nervuies and submedian nervure in that sex of these 
species ; but that the apparent dilatation was protiuced by a 
dense mass of scales crowded together on each side of the 
nervules. He also read a short paper on the subject entitled 
** Notes on the Nervules of the Fore-Wings in the Males of 
Argynnis j^phia and other Species of the Genus.” Mr. Jenner- 
Weir .said ne was supported in hU views ly the opinions of Mr. 
S. H, Scudder, Dr. Staudinger, and Dr. Schatr. 

SVDNET, 

Linnean Socinty of Now South Walca, July 31. — 
Tlie following papers were read : — Description of a new 
species of lodis, with remarks on Pielus imperialism Olfiff, 
by Thomas F. Lucas. For the new species of lodis— of 
which three specimens were recently captured in Brisl»ne 
by Mr. lUidge— the name of P. illidgei is proposed. The 
second part of the paper consists of critical remarks on P. 
impma&Sf Olliflk which the author states is identical with P. 
hyalinaius, Schaffer, — The examination of kinos as an aid in 
the diagnosis of Eucalypts ; Part i, the Kuby Group, by J. H. 
Maiden. The author refers to a previous paper, in which he 
shows that Eucalyptus kinos may readily be grouped into three 
great classes, according to their behaviour with water and with 
spirit. Briefly, be divides them into (1) the Ruby Group, which 
consists of Tuby-oolottred kinos, the metnbers of which arc 
soluble either in cold water or in cold spirit (2) ITie Gummy 
Group, whose members are soluble in cold water, but very im* 
p^ectly in s^rit, owing to the gum they contain. (3) The 
Turbid whose members are soluble in hot water or in 

hot alcohol, but riie solutions become turbid on cooling, owing 
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iQ Um piwnoe of Oatoohin. He then (ieftli with the fast grou|3, 
nod libows thet, with one antheteiily doubtful apedfet* the 
members ere tdmiUcftl with the group Kensntherw of Benthum 
end MUUer'emithereal clauificetion* He shows how the examin- 
flUion of kinoa is a valuable aid or supplement in the diagnosis 
of Eo^lyptSi and eoncludesthis part with an account of the 
mby kinos at present known to science.— On Rhopalocera 
from Mount Kosciusko^ Kew South Wales, by A. *^Sidney 
Olliff. In this short paper some sixteen spedes are recorded 
Arom spedmeut obtained by Mr. R* Helms, a most puns- 
taking and energetic eollector, who recently made an excursion, 
ohiehy in the intetests of entomology, on behalf of the Australian 
Museum. The collection contains both the species described 
irom the mountain by Mr. Meyrtck, as well as a new Xenica, 
proposed to be called X, cama , — Note on the fructification of 
PhUbopteris aUthnpteroidiSy Etheridge, fil, from the Lower 
Mesosolc Beds of Queensland, by R. Etheridge, Jun. From 
fthe examination of additional material the author has been able 
>to determine an airangeinent of the sori similar to that in 
jp. polypodioides^ Btongn,, and other known species of the 

r uSf— Note on the mbliograpby of Ixtrd Howe Island, by 
Etheridge, Jun. This paper is supplementary to a recently- 
puMisbed work (*‘ Lord Howe Island : its Zoology, Geology, 
Ac.,'* M<m* Ausfr, Afus,. 1889, No. 2), and gives a digest of 
^:ertain valuable reports by Dr. Foulis, Mr. While, Captain 
Denham, R.N., ana Dr. f. Dennis MacDonald, contained in 
the Votes and Proceedings of the Legislative Council of 
New South Wales for 1853,** and with which, when contributing 
to the abovc'-mentsoned work, the author had been unable to 
eneet 

Pasiis. 

Academy of Sciences, October 14. — M. Des Cloiseaux, 
President, in the chair. — Presentation of vol. iv. of the 
Collection or Memoirs relating to Physics,*' published by the 
Prench Physical Society, by M. C. Wolf. This volume is de- 
moted to the pendolam ; and contains memoirs by La Condamlne, 
Botda, Cassini, Pxony, Kater, and Bessel. M. Wolf supplies 
a bibliography and chronology of works on die pendulum from 
'Galileo's time to 1885 ; also an historical introduction. The fifth 
volume will deal vrith the same subject. — Reciprocal ditplaee- 
rnents between the halogen elements and oxygen; hydro- 
bromic and hydriodic acids, by M. Berthelot. A at/tAe solution 
-of iodide of potassium remains an indefinite time colourless in 
presence of oxygen ; but it is otherwise with a solution, 

owing to the formation of a small amount of tri*iodide. 
Dilution of the yellow liquor with fifty times its volume of water (or 
more) removes the colour almost entirely ; dissociation of the 
•tri^iodlde allowing tfie potash to react fully with the iodine. — On 
iransformism in pathi^nic microbiology ; limits, conditions, 
and consequences, of variability of the Sacil/ui an/Aradj ; 
oresearches on ascendant or reconstituant variability, by M. A« 
Ghauveau. The natural Bacillus, with its virulence quite re- 
moved by compressed oxygen, may be revivified by degrees, thus i 
it Is cultivated in Affut/Un, to which fresh blood of, a guinea- 
pig is added, and in very rarefied air ; it then be<x>mes fatal to 
mice, guinea-pigs, rabbits, &c., and is vaccinal to small 
ruminants, but d^s not kill them. Cultivation of this Bacillus 
in hamlim to which sheep's blood is added renders it fatal to 
small ruminants, and probably vaccinal to the ox. — New 
relation between sugats and furforic compounds; constitu- 
;tion of methylfurfurol and of isodulcite, by M. Maquenne. 
Diytilltng isodulcite whh dilute sulphuric acid, he got 

some pure methylfurfurol (CeH^Og) identical with that obtained 
from Fucus ; and be infers the presence of isodulcite in tissues of 
marine plants. Its relations to arabinose suggest that it may be 
much more widely diffused than has been supposed,— On the 
physical properties of the free superficial layer of a liquid, and of 
the la^r of contact of a liquid a^ a solid, by M, Van der Mmis- 
brugghe.— On doubly harmonic linear elements, by M. L. RafTy, 
—On the area of certain ellipaoidnl rones, by M. G. Humbert. 
—On the fermeiKatioa of fUfiSoose, in presence of dififm^ent 
species of beer^yea^, by M. D. Lodseau. A claim of priority.— 
Observations on the communication made by M, Ch. E. 
Ouignet, at the meeting of S^tember 30 last, by MM, C. 
Vaaoent and Delachanri^ The ^ition of ammonki^ snlphate 
of copper to the juice bi sorbs precipitates sorbite Itself, so the 
pnxiuetion of this pimpitate docs not prove the presence of 
mannitt nor Us sepmtUm firom sorbite,— Gn the optical' analyst ; 
of oils and of butter, hy MM, E, H- AmajpU and Ferdinand , 
Jean. They describe a method based on venation fd dhe index I 


of refraet^n of various oils, ax>d of the melted fatty ma^ pi 
butter, ^ to the presence of aduUerating substanM— Gn air 
oontained in the soil, by M, Th. BcbUeaum, jUs, fie has 
improved on the method adopted by MM. BbomugauU add 
L^wy ftli^ years ago ; he forces into the ground a steel tube 
with obefeal pointy the opening of whiUb is temporarily closed 
by wire. The upper end Je connected by means of a cafdUaiy 
tube with a bulb, mm which mercnir is withdrawn on lowering 
a small connected teservolr ; thus the air of the soil is drawn 
in. He finds abundant gnsriuts oxygen in the soil^ and much 
variability at different times; deuUls are promised.— -On a 
rausculo-eutaneous strip, in form of a flap, applM to the restora- 
tion of eyeliifo. by M. Ldon Tripler, The strip is dissected out 
from one eyelid and transferred to the other side. — On the ex- 
ploration and the formation of AttmSf by MM, £. A. Martel and 
G. Gaupillat These at>ms are natural, open, deep pits, found 
in numbers on calcareous pjateaoa The avthm hold that four 
factors participate in their formation t (i) previous dislocations 
of the ground ; (2) surface waters (erosioD} ; (3) interior waters 
(erosion, hydrostatic pressure, falling in) ; (4) chemical pheno- 
mena. Frequ^tly only three or two of thc^ factors have been 
in operation. It is only accidentally that the avtns communicate 
with subterranean rivers. 
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THUKSDAV, OCTOBER 3^, 1889- 

OXFORD AND ITS PROFESSORS^ 

A Trenchant article in the last number of the 
Edinburgh Review arraigns and passes judgment 
on the University of ** Oxford and its Professors/' The 
evidence clearly establishes the facts that the lectures 
of the great majority of the Professors are but poorly 
attended^ and that, in spite of the efforts of two Com- 
missions, the relations between the University and the 
Colleges, regarded as allied educational institutions, are 
not satisfactory. On the causes of this unhappy state of 
things we do not desire to dwell, but, although agreeing on 
many points with the author of the article, we must protest 
strongly against one of the remedies which he suggests. 

“ Why," he asks, should not the Universities recognize 
the principle of division of labour ? . , . Why, for instance, 
should not Cambridge provide thoroughly for the teaching 
of natural science ; and Oxford as thoroughly for that of 
theology ? , . Let the Universities abandon individualism 
and accept individuality. Let one group of allied subjects 
be studied in Oxford ; another at Cambridge." 

It is true that the Reviewer thinks that “a University 
ought to provide a liberal education, competent to form 
the basis of that technical training which is special to 
every trade and profession,” but he contends that “ beyond 
this general course, the minutely differentiated special 
studies into which h uman knowledge is now necessarily 
distributed must be recognized and ordered.” 

We are convinced that an attempt of this sort to confine 
the special studies of each University to particular lines 
would do infinite harm. It is not only the students, but 
the teachers, who are benefited by mingling with others 
who are their intellectual equals, but whose intellectual 
activities are put forth in other directions. 

It is easy to say that London is within an hour and a 
half of Oxford or Cambridge, and that London society 
will widen views which might otherwise contract, and 
prune down eccentricities which might become serious 
defects. It is not, however, true, and it is not likely to 
become trvie, that the average teacher in a University has 
society of this sort open to him in early life. More and 
more frequently— to their honour be it said— lads who begin 
in the elementary school fight their way to University dis- 
ti action. Others who start from a position of greater 
social advantage move *‘at home” in circles in which 
literary or scientific ability is rare, and in which they 
are much more likely to be spoiled by Indiscriminate 
admiration than restrained by judicious criticism. 

For a large number of young Fellows of Colleges, the 
High Table and the Common Room furnish, during the 
most impressionable years of life, the highest Intellectual 
and social society to which they can attain ; and many of 
those who travel beyond these limits extend the bounds 
of their acquaintance chiefly among those who are 
interested in the same special studies as themselves. 

It would therefore work terrible mischief if the gulf 
between specialists were widened by driving them into 
4 iilbrent Universities. Oxford, we may be sure, would 
to the death against being converted into a mere 
ec^iooi of theology. It is said that one of its Colleges 
ebme years'ago reused an endowment of many thousands 
Vox^ Xt.— No. t044. 


which was fettered with the condition that it should 
benefit only members of a particular Church ; and in this 
temper the suggestions of the Reviewer would be met. 

Surely no man who wished well either to the Univer- 
sities, or to religion, or to science, would desire to see 
future curates relegated in a body to the Isis, and would- 
be demonstrators to the Cam ; or would mould a Common 
Room on the pattern of a Clergy House, while a Combina- 
tion Room was fashioned into a likeness of the Secretarium 
of the British Association. 

Nor do we adopt this view merely on the ground that 
it is well that students of other branches of knowledge 
should be leavened by mingling with those who cultivate 
science. No critic is so unsparing, so useful, and so in- 
oflTensive as an intimate friend, and scientific men need 
criticism as much as others. A hint that, however valu- 
able the scientific results of a treatise may be, they are 
announced in execrable English, can be conveyed by a 
college chum better than by anybody else. The Huxley or 
Tyndall of the future will sometimes be none the worse for 
the reminder that his predecessors, if they popularized 
science, did not vulgarize it, and that scientific papers 
which possibly contain useful additions to knowledge are 
certainly literature, and, as such, must be tried by the 
ordinary canons. In short, it is on behalf of the younger 
scientific men that we claim that those among them who 
study in our Universities sliall not be deprived of the 
advantage of intimate relations with fellow-students of 
their own standing, whose aims in life, and modes of 
thought, are other than theirs. 

The argument from economy is sufficiently met by the 
above considerations, but it is absurd to contend that 
there is not room for two great schools of science in the 
Universities, if proper means are taken to fill them. 

In every provincial town, ("oUeges are springing up 
which are far better equipped than were the Universities 
themselves some twenty years ago, and the number of 
their students steadily increases. In Cambridge, the 
scientific lecture-rooms and laboraSries are full to over- 
flowing ; and we cannot but believe that, if Oxford is 
less successful, the comparative failure is due cither to 
temporary causes, or to some defect of organization which 
could be discovered and remedied. 

According to the Reviewer, the relations between the 
Professoriate and the Colleges are not harmonious, and, 
if this be so, rtatural science is probably more injuriously 
affected than any other branch of study. Centralization, 
harmful in many cases, is essential in the teaching of a 
subject which at present attracts a small number of 
very advanced students, while the machinery for tl)c in- 
struction of elementary students must necessarily be 
expensive. That it can be attained without trenching 
on the legitimate privileges of the Colleges is proved by 
the fact that, in spite of the existence of the Collegiate 
system, Cambridge has become a great school of science. 


SUBJECTS OF SOCIAL WELFARE. 
Subjects of Social Welfare. By the Right Hon. Sir 
Lyon Playfair, K.C.B., M.P., LL.D., Ph.D., F.R.S. 
(London : Cassell, 1889.) 

I N this volume Sjr Lyon Playfair has collected a series 
of his essays, speeches, and lectures, composed or 
delivered during the last half-century. Tlie volume is 
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divid «4 ioto tbm pATts, the €r«t dealiuygr ques- 
dolts rotating to public b^tb^ the second with various 
economic problems, and the third (of course) with 
educational topics. Though most of the essays are 
there or less scientiAc in character and mode of treat- 
ment, (mly one is purely scientific, viz. that on Sleep 
and some of its Concomitant Phenomena/’ which contains, 
with a few alterations, the substance of a lecture delivered 
before the Royal Institution in 1846. 

The whole forms a volume which, if it will add nothing 
to the great reputation of the author, is eminently read- 
able, and exhibits his usual power of apt illustration and 
dexterous handling of masses of facts. It is not, indeed, a 
book which many will read from cover to cover, for, as is 
naturid when we consider the conditions under which its 
contents were originally produced, there is a considerable 
amount of repetition both in the subjects and in the 
mode of treatment. But readers in search of trenchant 
aigaments and pointed illustrations on such debated ques- 
tions as vivisection and vaccination will find both in the 
lucid and pithy discourses devoted to these subjects by Sir 
Lyon Playfair ; and there is a great variety of interesting 
economic facts drawn both from Europe and America in 
the second part of the volume, which d^ls with industrial 
wealth. We cannot, however, candidly say that we 'regard 
the second section of the book as satisfactory. Much of it 
was originally intented to serve a definite and temporary 
puipose — to confute an adversary or to reassure wavering 
adherents of Free Trade — and for such a purpose it was 
well adapted. It came under the head of what an 
eminent politician has called the literature which to-day 
is and to-morrow is (or at least should be) cast into the 
oven, and Its preservation will, we fear, serve no useful 
end. When, for example, Sir Lyon Playfair declares that, 

so far as regards politics, ethics, sculpture, painting, 
And architecture, the world has advanced little beyond, if 
it has reached, the position attained by Greece and Rome, 
lliese, though they |p’ace, do not now. form the founda- 
tion of a nation’s Asperity. That is formed from the 
applicatiox^s of science to industry, he is expressing an 
opinion which may have been the passing sentiment of a 
moment, but which he will hardly care to have permanently 
associated with his name. 

one of the weakest of the papers is that on bimetallism. 
Sir Lyon Playfair does not appear to realize the point of 
view of the bimetallist economists, who, however un- 
practical they may be, are not wanting in theoretic know- 
ledge and power of analysis, and who are certainly not 
in such a state of fog as to the cause and regulator of 
the vgtlues of the precious metals as their critic seems to ! 
suppose. Such men as President Walker, whose exposi- I 
tion of the question is not lacking in clearness, certainly { 
never subscribed to the opinion gratuitously thrust upon ! 
bimetallists by Sir Lyon Playfair, that the value of gold 
and silver can be fixed by statute independently of the 
state of demand and supply. But a very brief examina- . 
tion of , the subject will make it clear that the establish- 
ment by a considerable number of nations of a legal 
ratio between the values of gold and silver would be a 
most powerful factor in altering the conditions of demand, 
bjf making the two metals alternative for the purpose for 
they are moat largely used. This automatic action 
of ** bimetallic bond’’ would be comparatively in- , 
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significant in the case of a sinfifle nation snrrosntfad fey 
monometallic countries, because the netghbourhig coun-^ 
tries would offer such a wide area for the overflow of the 
dearer metal, which might thus all drain away beforo 
matters could readjust themselves ; but it would become 
theoretically very powerful if four or five of the great nations 
could unite for the establishment of the double currency. 
The real objection to such a policy arises from the practtcaT 
difficulty of forming a strong international monetary union,, 
and the physical fact that silver is much heavier and 
more inconvenient to carry than the equivalent value In 
gold. These difficulties are very real in practice, but it 
is useless to suppose that the bimetallic position is turned 
by an appeal to the action of the Chinese Emperor Wang- 
Mang, who is said to have proclaimed a legal ratio of 
value between (sic) five shells — in which attempt he very 
naturally failed. 

It is time also that economic writers gave up the vague 
references to supply and demand as the cause of all 
things ; as though supply and demand were ultimate facts 
incapable of being further analyzed and explained. 
** These laws” says Sir Lyon Playfair, “ are all-powerful, 
and no statute law of one nation or of ten combined 
nations can prevail against them.” (The italics are ours.) 
Now what is this but a revival of the old confusion between 
the two meanings of the word ** law,” which once led a 
writer in a leading Review to question the use of economic 
laws unless enforced by the] police ? In other essays Sir 
Lyon Playfair declares (with truth) that Protection raises 
prices and lowers wages. Is not this a case of a statute 
law ** prevailing against/’ or (as we should put it) modi- 
fying, the conditions of supply and demand ? 

In the same lecture on bimetallism Sir Lyon Playfair told 
the National Liberal Club that “gold might be stationary in 
qusditity and value, while the prices of commodities might 
fall from causes having no relation to it, and then its ap- 
preciation or power of increased purchase would be a 
contemporaneous fact but not a cause of the deprecia- 
tion.” How can “ value ” be stationary while “ purchas- 
ing power '' rises P The meaning of the passage is not 
obscure ; but the looseness of phraseology is deplorable 
in a science in which strictness in the use of terms is so 
essential. Would Sir Lyon Playfair say that a school- 
boy had not gone up in class because it was the fault of 
his companions; that they had gone down ? 

A far more thoughtful essay is that on the displace- 
ment of labour by modem inventions, in spite of the use 
of such loose phrases as “ labour has suffered much less 
than capital,” and the old confusion between changes in 
the rnfr of profit on capital and the (totally distinct) 
amount of profit reaped by the capit^ist. Sir Lyon 
Playfair was personally acquainted with the three great 
discoverers, Oersted, Faraday, and Wheatstone, who 
have revolutionized commerce by their electrical 
searches and he views the changes which arc taldpg 
place in modern industrial conditions from a large and 
philosophic point of view, seeing in them die inevit- 
able dislocations and friction resulting from a slow and 
difficult readjustment of industry consequent on new 
discoveries. To take one case. The discovery of 
mode of making niadder from coal tar has reduced the 
importation of natural madder into this country frjiim 
aAiOOpyODo pounds in jfiye to a,ooo^0oo in Whntifen, 
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bedomft of the former madder-growers? To what in- 
doetry have th«y betaken themselves? What class of 
producers have they in turn displaced by so doing? 
Sir Lyon Playfair does not attempt to follow out such ' 
questions as these, bnt his essay suggests them, and it 
would be well if they received more attention than has 
hitherto been usual among economists. 

There are several articles dealing with various phases 
of industrial competition. They all expose the fallacies 
of fair trade, and all lead up to a demand for technical 
education. Sir Lyon Playfair has here used to advantage 
the facts collected in his recent visit to America ; but when 
so many sound arguments lay ready to his hand, where 
was the necessity of resorting to the essentially unsound 
reasoning that Protection is conclusively shown to have 
lowered wages because the wages in some unprotected 
trades (carpenters, bakers, and printers) are higher than 
wages in some protected trades (cotton-spinners, weavers, 
tailors, and machine-makers) ? 

The third part of the volume deals with questions of 
education. Here Sir Lyon Playfair is more at home. 
Long before technical education became a fashionable 
cry, he had urged its importance upon the public, and 
he has lived to see in some measure the fruition of 
his endeavours, of which the speeches and lectures 
collected in the volume before us form no unimportant 
share. The subjects treated range from primary education 
(on which there is a reprint of a very interesting address 
delivered at a very interesting time, viz, immediately 
after the passage of Mr. Forsters Act of 1870) to the 
relations of the Universities to professional education, 
on which, as might be expected, Sir Lyon Playfair takes a 
strong and decided line. Each profession,’^ he says, “ has 
its own foundation of liberal culture. At present the 
Universities try to build all professions on one uniform 
foundation, though this is as foolish as it would be to build 
a palace, a gaol, or an infirmary on a single ground plan 
common to all. The professions have indicated by their 
special literary examinations what their several foun- 
dations should be ; and if the Universities know How to 
extend their obligations to modem society, they should 
have little difficulty in again assuring thoir original pur- 
pose of affording a liberal culture to the professions* The 
Universities would gain in strength and the professions 
in dignity and in efficiency.” This was spoken in 1873, 
and the last sixteen years have seen a very marked 
advance on the part of the old Universities in the direction 
indicated by Sir Lyon Playfair, though many authorities 
will still disagree with his general conclusion. 

An interesting address is inserted on technical educa- 
tion^ which, though delivered in 1870, contains matter 
for thought at the present day, and reminds us how 
long the British public have taken before awaking (if 
indeed they can yet be said to be awake) to the im- 
portance of doing something as a nation to raise the 
standard of instruction in the principles of science and 
art applicable to industries. We (Jould wish, indeed, that 
Sir Lyon Playfeir, who so powerfully calls attention to the 
need, had given us a little more in the way of positive 
suggestion ; there are parts, too, of the essay which may 
be taken to encourage the heresy that the province of 
thd teJchriieai sdtool is to replace the custom Of appren- 
and take the place of the workshop* We are 


strongly in favour of the movement for technical edu- 
cation, and we hailed even the Government measure lately 
passed, hailing and inadequate as it is, as being at least 
a step forward in the right direction. But if it is to be 
used to encourage the teaching of a smattering of a large 
number of trades, instead of giving a thorough training 
in scientific and artistic principles of more widespread 
application, it may be that it will do more harm than good ; 
and it is time, now that the measure has become law, for 
the advocates of technical education to make themselves 
heard with no uncertain voice upon this all important 
point. Meanwhile, ii is no small praise to say, and we 
say it with truth, that there is no man living to whom the 
advance of public opinion on the subject of technical 
education in recent years is so much due as to the author 
of “ Subjects of Social Welfare.” 


.S'A'/? V/CE CHEMIS TR K. 

Sep^ice Chimistry, By Vivian B. Lewes, Professor of 
Chemistry, Royal Naval College, Greenwich. (London : 
Whittingham and Co., 1889.) 

I N this book Prof. Lewes treats of chemistry in its 
relations to the subjects which are of immediate 
interest and importance to our naval and military services. 
Although primarily intended for the officers passing 
through the Royal Nava! College, much of the matter of 
the book has a direct bearing on the work of the soldier. 
The necessity for such a book is obvious. Of course, 
as Mr. Lewes is careful to point out, there is but one 
chemistry, and its principles and theories arc the same, no 
matter how the science is made subservient to the wants 
and different callings of men. But it is manifestly absurd 
to suppose that our soldiers and sailors need to be taken 
over the whole field of chemical science in order to obtain 
such a knowledge of those principles as will be of use to 
them in their professions. No doubt, in the interests of 
knowledge itself no course of instruction can be too 
extended, but in the case of the officers of both branches 
of the service there is the practical difficulty of time. The 
scheme of instruction at our naval and military colleges 
is so elaborate, and the amount of time allowed for study 
is, comparatively speaking, so limited, that it is absolutely 
necessary that the teachers of chemistry in such colleges 
shall restrict themselves to the treatment of the relations 
of chemistry to the practical work of the services. Nor 
will the teachers have cause to complain of any lack of 
subject-matter for their lectures. Even if the young 
officer came to his work with a fuller knowledge oO the 
elementary principles and facts of chemical science than 
is usually furnished to him at school, so that his teacher 
at college could at once proceed to treat of its technical 
bearings so far as these have reference to the work of the 
soldier and sailor, there would still be ample matter for 
even the most extended coui*se of instruction that would 
be practically possible. Of this fact Prof. Lewes’s book 
gives ample evidence. The general character of our 
public-school education, in spite of recommendations of 
Royal Commissions and British Association Committees, 
and repeated warnings of men like Huxley and Spence* 
that the conditions of modern civilisation imperatively 
requite a readjnttniefit cyf the curriculum of our schoola, 
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is still such that the teacher has to assume an entire 
ignorance of even the most elementary facts of physical 
science. The students at the Royal Naval College are 
no doubt largdfy recruited from the public schools. Any 
well-devised scheme of school instruction ought, one 
would think, to give them such a knowledge of the rudi- 
ments of chemistry as to obviate the necessity for the 
teacher to spend a considerable fraction of the limited 
time at his disposal in discussing such matters as 
nomenclature and notation, formula: and equations, the 
simple laws of chemical combination, effects of tempera- 
ture and pressure on gases, and so on. But Prof. Lewes 
no doubt, as indeed his book demonstrates, finds it 
absolutely necessary to deal with these preliminary 
matters in the outset of his course. Hence the book 
naturally divides itself into two portions — one, and of 
course the most important portion, treating of the tech- 
nical relations of chemistry to the work of the services ; 
and the other treating of such of the general principles of 
the science as are necessary to an intelligent appreciation 
of these relations. The latter portion, of course, precedes 
the former in the actual plan of the book. 

It is, however, characteristic of the eminently practical 
character of the book that Prof. Lewes loses no opportunity 
of pointing the moral by some reference to a ** service 
Tact. Thus he has occasion to treat of the chemistry of the 
galvanic battery, and what he has to say about the electro- 
chemical behaviour of metals leads up to the question of 
the fouling of ships’ bottoms ; the possibility of strong 
galvanic action set up in iron ships causing the destruc- 
tion of the screw shafting and rudder-posts, &c. ; the effect 
of mooring a copper-bottomed vessel to an iron pier, &c. 
No officer intelligently following a course of instruction 
such as this can be blind to the influence which science is 
capable of exerting on the work of his profession. The 
sailor whose respect for a fluid which is so useful in 
navigation is so profound as to forbid him to drink of it, 
would doubtless hav^that respect intensified by the account 
which Prof. Lewes gives of the physical and chemical 
characters of water, although, possibly, the section on 
filters and filtering media may have only an abstract 
interest for him. This chapter, of course, contains no- 
thing but what is the common property of text-books ; 
but it is put together in such a manner as to show 
the bearing of the facts on the every-day life and work 
of the sailor. The chapters on Boiler Incrustation and 
on Ventilation are also capital illustrations of the way 
in which the service aspects of the matter are dealt 
with throughout the book. A short account of carbon, its 
oxides, and simplest hydrides, naturally leads up to a de- 
scription of the manufacture of coal-gas, the nature of 
luminous flames, the causes of fire-damp explosions 
both in the mine and in the holds of vessels ; whilst the 
chapter on fuel is of especial interest, from the manner in 
which the results obtained by the Commission on the 
Navy coa], and the reports as to the value of liquid 
fuels, are summarised and^ discussed. The methods of 
calculating the evaporative value of fuel from percentage 
composition, and the mode in which such calculations 
are checked by calorimetric determinations, are also 
described, and their precise value indicated The subject 
of Exploe' ves naturally takes up a considerable space 
The mode of manufacture of service powders, cocoa 


powders, amide powder, is fully described and 
illustrated, and the nature Of the chemical changes on 
firing gunpowder, as determined by Noble and Abel, 
Lenck, Karolyi, Bunsen, and Schischkoff, is explained in 
detail The chapters have indeed been put together with 
special care, and contain much that has not yet been 
incorporated with any other text-book, not only as to 
details of manufacture, composition, and mode of decom- 
position, but also as regards proving and keeping. This 
question of the effects of storing in overheated and badly 
ventilated magazines is extremely important, especially in 
regard to powders for large ordnance, and the little that 
is at present known on the subject is stated in the book. 

Only such compounds of the metals and non-metals 
are dealt with as have immediate relation to service 
questions. lu treating of the action of light upon silver 
salts the author gives a concise account of the more im- 
portant methods of photography with special reference to 
dry-plate work ; and the book concludes with a chapter on 
the chemical nature of the more generally used inorganic 
pigments, and on the causes of corrosion and fouling of 
ships' bottoms and marine boilers. This constitutes one of 
the most valuable sections of the work, and embodies the 
results of much reading and original investigation. 

We congratulate Prof. Lewes on having compiled a 
most useful and eminently practical work. It of course 
makes no pretensions to be a complete manual of 
inorganic chemistry, but it seeks to deal in the most 
direct manner with those matters which are of special 
interest to the class of readers for which it is specially 
intended. It is capitally printed, and for an English 
text-book, unusually well illustrated ; indeed, the entire 
“get up" of the work reflects great credit on the 
publishers. The book is, on the whole, well up to date, 
and every care has apparently been taken to verify state- 
ments of numbers and constants. The mode of decom- 
position of potassium chlorate given on p. 66 should, 
however, be amended in view of the work of Teed, and 
of Frankland and Dingwall ; and the statement as to the 
action of peroxide of manganese in facilitating the break- 
ing up of the chlorate requires alteration. It may also be 
pointed out, in view of the passage on p. 70, that oxygen 
compounds of fluorine are known, the oxyfluoride of 
phosphorus. Chlorine also has been solidified, and the 
statements as to the boiling and melting points of bromine 
and iodine given on pp. 31S, 317, and 320 are conflicting. 
The flgure on p. 379 is hardly a sufficiently accurate re- 
presentation of a puddling furnace. However, these arc 
but minor blemishes that can readily be rectified in the 
second edition which we trust may speedily called for. 


IVATTS^ DICTIONARY OF CHEMISTRY. 

Dictionary of Chemistry. Revised and entirely * 
rewritten, by M. M, Pattison Muir, Fellow of Citiue 
College, Cambridge, and H. Foster Morley, Professor 
of Chemistry at Queen’s College, London* Vol. II. 
(London : Longmans, Green, and Co., 1889.) 

T he appearance of the second volume of the xtesr 
edition of ^ Watts' Dictioiuuy ” will be welcomed^ 
not only by chemists of every persuasion, but by kll 
love and wprk at science* Tbit volume, 
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'^Chloral'' to ** lodigo,** not only gives descriptions of all 
important chemical elements and compounds contained 
between these two heads, but contains short articles on 
matters of general chemical interest, both of theory and of 
practice. The editors desire to give their work a truly 
international character, and we hnd valuable contributions, 
not only from eminent English specialists, but ^om equally 
competent authorities in Washington, Baltimore, and 1 
Sydney ; whilst the presence of articles from the pen of a | 
lady — Miss Ida Freund, of Newnham— indicates that | 
scientific research and exposition are no longer to be ' 
confined to the hands and heads of the so>called stronger 
sex. 

In turning over the eight hundred pages of this closely 
but clearly printed volume, one is first struck by the enor- 
mous mass of detail with which the editors have had to deal 
Not what to print, but what to leave out, is the problem 
which all writers whose hard fate it is to have to record 
the present condition of chemical science have to try to 
solve. So enormous is the number of chemical sub- 
stances which each day brings forth, so complicated are 
the questions of theory which their existence raises — 
questions which therefore vary from day to day and from 
month to month — that to give a clear and yet complete 
account of them may indeed be said to “ pass the wit of 
man.’^ Still, this, like other difficult problems, has to be 
attempted, and upon the way in which the attempt is made 
depends the success or failure of a work of this kind. 
Unless the student can gain a clear and correct idea of 
the present condition of the science as regards the special 
subject of the article upon which he seeks information, 
the book is worse than useless. Unless the specialist can 
find at least some sort of light and leading, and is supplied 
with references for detail to the work done by his fore- 
runners, the “ Dictionary” will be of but poor service to him. 

I venture, however, to think that, tried by both these 
standards, the verdict of the public will be that the editors 
have acquitted themselves well, and that this second 
quarter of the new chemical “ Dictionary ” will rank as 
high as'the first already does, and will bear favourable com- j 
parison with the older parent volume— now, alas, with its 
author, numbered with those whose names have for us 
only an historic interest 

A dictionary merely confined to an enumeration of the 
names, composition, properties, and constitution of the 
many thousands of chemical compounds now known, 
like the classical work of Beilstein — however valuable, 
nay essential, to the student in the higher terms of the ! 
series— is not what the beginner or the general scientific 
reader or worker needs. He must have access to a 
book in which both the general and the special prob- 
lems of the science are discussed with full knowledge 
of the position of the day. That this necessity has been 
understood, and carefhlly provided for, is seen by the list of 
arriclcs furnished by special contributors, as well as by 
glancing at those written by the editors themselves. In 
that on ” Chemical Classification,” by Mr. Muir, we find 
an able statement of the case, with the modest introduction 
that ** in the following article nothing more is attempted 
tlMUi to sketch the outlines of the methods by the cmploy- 
meiit of which a fairly satisfactory scheme of chemical 
ch^ficatlon may be attained/* followed by the a^ll-known 


definition of scientific classification given by Jevons in his 
“ Principles of Science.” The article on “ Crystallization,** 
by Mr. Harry Baker, is a model of perspicuity, and, whilst 
much shorter than the article on the same subject in the 
former edition, is sufficiently comprehensive for those who 
wish to gain a knowledge of the principles of this 
important branch. 

Of all the special articles, perhaps that by Prof. J. J. 
Thomson, of Cambridge, on “Chemical Equilibrium,” 
and that on “ Dissociation,” by Prof. Threlfall, of Sydney, 
are the most interesting and important. Both of these 
articles seem to give a new lone to ordinary chemical life ; 
they introduce the chemist to fresh fields and pastures 
new. They point to the fact that the stream dividing 
chemistry from physics has been bridged over, not only 
at one point but at many, and that certain chemical 
phenomena which beforetime have been considered as 
apart and distinct can now be shown to be capable of 
mathematical treatment, as belonging to the domain of 
molecular physics. 

Whilst, however, in certain directions chemistry is 
: rapidly becoming a branch of physics, there are other 
j chemical phenomena which ally themselves with those 
; classed as biological, and of the most important of these 
I the “ Dictionary ” gives us an example in an excel- 
I lent though too short article on “ Fermentation and 
I Putrefaction,** by Dr. Rideal. Prof. Ira Remsen, of 
Baltimore, contributes two articles, one on “ Equivalency ” 
and one on “ FormultP.” In this latter he reminds us of 
a fact known to but few that the symbolic notation intro- 
duced by Dalton in 1808 had been preceded by an attempt, 
though a less satisfactory one, in the same direction by 
Hassengralz and Adel in 1787, though we may be sure 
that of this attempt the Manchester philosopher was in 
blissful ignorance. 

Other special articles, such as those on “ Combustion 
and Flame,” by Prof. Thorpe, on “ Dextrin,” by Mr. 
O’Sullivan, on “ Cinchona Bark,” by 'Mr. David Howard, 
amongst many others, have only to be mentioned to 
show the value and interest of the volume, which (in 
spite of necessary shortcomings, and of occasional 
unavoidable errors, which some may care to seek for, 
though I do not) appears to me to be well worthy of the 
name it bears, of the house which publishes it, and of the 
science which it expounds, and this is saying a great 
deal 

H. E. Roscoe. 


OUR BOOK SHELF. 

Index 0/ Spectra^ By (W. Marshall Watts, D.Sc., &c. 
Revised Edition. Manchester: Abel Hey wood and 
Son, 1889.) 

Dr. W ATI's is to be congratulated upon the completion 
of his great undertaking— namely, to collect all the existing 
measurements of laboratory spectra, and arrange them in 
a manner convenient for reference. Since the last edition 
of the book was published, seventeen years ago, spectro- 
scopic research has made enormous progress, as a com- 
parison with the new edition will show.- This is no doubt 
partly due to the increased number of workers, and 
instrumental advances, and to a large extent to the 
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extension of tl:^e spectroscopic field into the ultra-violet and 
infra-red. In the old tables the limits of the spectra v^ere 
ptnctkally 391 and 670, whereas in the new ones the lines 
range from aiJi to 770. Spectroscopy has also advanced 
in another direction. It was formerly believed that each 
substance had its own characteristic spectrum, from 
which there was no departure ; but subsequent researches 
have shown that the spectrum does not entirely depend 
upon the substance under examination, but also upon 
the conditions of temperature and pressure. In the 
old tables, for example, only one spectrum of oxygen 
was recorded, but now no less than three are given. 
Hydrogen, again, has now two spectra recorded, and 
nitrogen three, including Hasselberg's important obser- 
vations. ^ 

The wave-lengths given in Angst rom^s “ Spectre Nor- 
mal du Soleil,^* with a few small corrections, are still taken 
as the standards for reduction. The tables printed in 
the Reports of the Bntish Association Committee form the 
basis of the new edition, but there are also many im- 
portant additions. One new feature is the addition of 
a column giving oscillation frequencies, in number of 
waves per centimetre tn vacuo, which will no doubt be 
appreciated most by investigators of the molecular origin 
of spectra. Tables of the spectra of various compounds, 
such as ammonia, alumina, and other oxides, chlorides, 
iodides, &c., and water, are also given. The different 
substances are arranged alphabetically as in the old 
edition, and at the head of each there are full references 
to books and memoirs. The introductory matter has also 
been considerably expanded, and now forms an excellent 
guide to spectroscopic scales and methods of mapping. 
The use of a lens to throw an image of the light source 
on to the slit, a method which has yielded many valuable 
results, is, however, unfortunately omitted, The book 
will be heartily welcomed by all who are engaged in 
spectroscopic work, and no recommendation of ours is 
necessary. 

Tixt*‘hook on Steam and Steam-Engines. By Prof. 

Andrew Jamieson, M.Inst.C.E. (London; Chas.*Grifhn 

and Co.» 1889.) 

We welcome with pleasure the fifth edition of this work. 

engineering text-books are intellimble to the average 
stu^nt. Many writers, in dealing with even the simplest 
engine or mechanical contrivance, completely fog the 
reader’s understanding by the undue use of mathematics 
and abstruse formula. The volume before us is the best 
yet published for use in the engineering classes at our 
schools and colleges. Prof. Jamieson has treated the 
subject in a sensibk and useful manner ; his examples are 
worked out as simply as possible ; and the descriptions 
throughout the work are those of a practical man who 
knows his business. 

The new edition contains many extensive and important 
additions both to the text and illustrations. The chapter 
on Ipcomotives has been considerably enlarged and im- 
proved. An express-engine built by Messrs, Dubs and 
Co., the eminent Glasgow locomotive builders, is taken as 
an example, and many well-executed scale-drawings are 
given as illustrations. Even with these additions the 
chapter does not do justice to this important branch of 
engineering, and Prof. Jamieson must not overlook the 
fact that he has many locomotiYe engineer apprentices at- 
tending his Gla$gow classes. The few paragraphs on the 
compound locomotive aro decidedly weak. Mr. Webb's 
compound locomotive The Expviment” is excellent 
ancient history, no doubt ; but why npt describe the more 
recent Webb compounds, or^ better still, the Worsdell and 
Von Borries two-cylinder compounds, now doing such 
work on the North-Eastern and many foreign 
railways ? 


LETTERS TO THE EDITOR. 

[The Editor dm not hold n^nsi^ for opinions dsr> 

prtsud ^ kU eorrtspondmts. NHtksr con ks nndortako 
to roimm, or to corrosfomd with tko writers ^ rejeetod 
manuseripts intended for this or any other part op NatUSI,. 
No notice is taken of anot^mons contmumcaHomJl 

An Unusual Geological Sequence. 

1)4 A late expeditton to the north-west coant 1 Have come upon 
evidence of a fact which was quite new to me — namely, that the 
well-known Cambrian red sandstones of Kosa and Sutherland do 
not always rest upon the Archscan gneiss, but occasionally ob 
dark blue stratified rocks with which uie sandstones are perfectly 
conformable. For many years 1 have been familiar with the 
ordinary sequence, according to which the Cambrian or 
** Torridon " sandstones rest unconformably on the Archiean 
gneiss with nothing interposed between them. Nowhere in 
Sutherland, or in Loch Torridon, so far as I have observed, is 
there any variation in this order, and 1 have stood on some hills 
in Sutherland where the Cambrian sandstones are represented by 
only a few remaining cakes of conglomerate which lie bedded 
almost horizontally upon highly unconformable gneissic strata, 

I was therefore ninch surprised to see in a little creek on the 
eastern shore of the Island of R^ay, a low precipice of the red 
sandstone terminating in conformable beds of a rock of very 
dark colour, and with a texture but little crystalline. The 
sudden and violent change of colour at once attracted my atten- 
tion, and on landing and obtaining specimens I found there could 
be no mistake that the Cambrian sandstones here rest upon .some 
older rock totally different in mineral character from the Archsean 
gneiss, and equally different from themselves. 

Pursuing this (to me) discovery, I examined the eastern face of 
the same island, where its precipices include fine escarpments 
both of the Secondary and of tne older rocks. There, at one 
point, I found the same unusual sequence beautifully distinct. 
The sandstones are rei>resented by a b^d of strong conglomerate, 
and this'bed rests conformably upon well stratified rocks of a bluer 
or dark blackish- blue colour, with a fracture far less crystalline 
than most of our SiUttto slates on the mainland of Argyllshire. 

Following up the same clue, £ found that on the western 
shores of the Island of Scalpa, these blue rocks underlie in great 
thickness the red sandstones which form the bulk of the island, 
and which are exclusively seen by all who approach it from the 
eastern and northern sides. 

I now understand that this fact has been for some time known 
to Dr. Geikie, and that the ofBcerx of the Survey under him 
have come across it with equal surprise, in certain parts of Ross- 
shire. But, so far as 1 know, it has not been published, and 
is not generally known. 

In one specimen which I obtained on Scalpa there are obscure 
indications of Annelid borings, together with calcareous cavities, 
which arc very suggestive of an organic origin. 

If these rocks really belong to the Cambrian series, as this 
complete conformabiliiy would imply, and if they have been 
wholly removed in ail but a few spots, before the Torrkloo sand* 
stones were laid down, the fact gives one a good deal to think 
of both as regard# the intervals of time which they represent, 
and as regards the agencies of change which must have been 
at work. 

To what horizon do these blue rocks belong? The Suther- 
land fossils from Durness are thought to be among the very 
oldest Silurian forms. Below these come the great white 
QUarUites of the same county. Below them, again, uncoQ- 
i formably, come the Tonpidon sandstones, and lowest of all come 
I these subsequent blue be<U— not at all xnetamorphosed— let® 
j crystalline than many of the secondary rocks. Yet they must be 
amongst the very oloest sedimentainr rocks known to us. ' 

I may add that I found by actual experiment that in a deposit 
now forming here, of the same blue colout, AnxieHd hvdttmn 
develop preoisefly the same ferruginous stains which I find in the 
Scalpa specimen before referred to. AaoVtL.. 

Inveraray, Argyllshire, 

Mr, Galton on Natural InhmdtaocOi 

Mr, Galton's recent iAgemous book on natural ihbet^ce 
suggesu some remarks on die value of bis method 
In^e first place, k k plain that the method of prONbte 
which he uses, is only applicable with any certainty tb epaes 
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'wl^re <1 mulUpliotty of uaUq^wn cf ananalyzed caiueft ( *' acci- 
4 enU|*' pp. X9, 5S) determino tome mathematicaUy measurable 
quality. Era colour^ artistic faculty, and temper, to which Mr 
<^Hon applies his metbod, are not mathematically measurable 
^pialitJes, and hU result)*, self-consistent though they are, are 
sdentidcally untrustworthy because of variation in the standard 
of popular judgment in such matters. Stature, however, comes 
properly within the range of his method, and Mr. Galton has 
maoe the most of this point. 

The method employed by Mr. Gallon may be styled a 
mathematical interpretation or the law of uniformity of nature 
as apparent in the tendency of progression and regression to an 
average for aM new examples of measurable qualities. (By the 
way, It is curious that Mr. Galton does not employ the term 
pn^reiftion, instead of making regression cover all movements 
Doth upward and downward to an average. Rise to an average 
is certainly progress.) The comparatively easy method of 
average in dealing with such problems as heiedity in the lump 
is hardly, what Mr. Galton claims it to be, the pioneer method 
in the ''science of man’* (p. 6a). Indeed, the method of 
chance is infertile in both biology and sociology so far as it 
mistakes statements of average tendency as in any wise compar- 
able in value to the particular predictions given by inductive 
inquiry. The continued use of such terms as accident and 
chance tc» cover a multitude of undetermined particular causes 
may be directly hurtful so far as this tends to slur over the 
patient investigation of special cases. The greatest so-called 
accidental variatioas, or ^‘sports,** have, of coarse, their reason 
in a peculiar conjuncture of influences, and the exact determina- 
tion of these, specially with reference to stable stocks, would be 
of the greatest scientific and practical value. The method of 
chance can never be an aid to progress, for it always fails in 
particular predictions, and reduces our Outlook to the level 
plain of averages. 

In a book on natural inherltaoce we should expect some 
-thorough treatment of the relation of heredity to other factors, 
and a dear exposition of how it can be isolated from them in 
its effect, especially upon stature. But the statistics employed 
are avowedly statistics of stature and not of heredity : how, then, 
are the results made to stand not merely for stature but also for 
heredity ? Mr. Galton concludes that hU results for stature are 
really laws of heredity because of the peculiar relations of the 
ratios obtained (p. xl 2 ), and also because the results are con- 
firmed by ^neral deductionfi from the laws of chance (p. 102). 
But 08 to this first point we must regard it as assumed rather 
than proved that kinship U to be measured by the comparison 
of ratios of deviations amongst kin. If we knew from other 
investiMions or a /rtM that the influence of heredity on 
regretnon is in the numerical order given, then Mr. Gafton's 
reiuUs would Iw merely confirmatory evidence. The laws of 
heredity must be based on the facts of heredity, or it must be 
<^earty shown by the method of elimixuition that given results 
can only be ascribed to heredity. Does Mr. Galton accomplish 
this ? He slurs over other influenres than heredity (r.in educa- 
tion, p. 156}, or he hastily concludes them to be in harmony 
with ner^ity (r.^. natural selection, n. 119). He also does 
not satisfy us on the etpial influences of parents in heredity (p. 
^), whicq is a fundamental assumption his process. That 
the average regression of tlm son to tne general average of 
stature is by one*third parental deviation (p. 104) does not, 
on the face of it, prove aching with regard to transmission of 
stature. I cannot see that Mr. Galton has cleariy shown this 
ralio to be xnore than a law of stature as determined by all itx- 
ffoeoCes and not by heredity alone. To make the ratios 
obtained a ''tnealure of faimly likeness *' <p. 132) is certainly 
nhsTOved tiH it is shown that heredity alone enters into the data 
upon which the ratios are founded. It is plain that in any case, 
imther the cause be heredity idone or heredity plus many other 
influences, certaitt definite ratios will be obuiiiea for hither, son, 
b«6thwk Ira 

As to (he way in which an abstract calculation of the laws 
>of chance confirms Mr. Galton's statistics, it Is enough to 
that no evidence is adduced why the results attained 
sifotdd not stand for the multiple ** accidents" of envirosmenW 
do#lshment, cuxmpal^ beredi^, rather than to *^acci- 
of Kmedhy alone. Mr. GaUan feUa to prove that hla 
lire not 4he nt^ for the operation of 

icy of emjr ha a^M to the chance operation 
other emofos, rather than the formiila for 
mid lUMdiidiMted* 



^ But stature is undoubtedly modified by many prenatal con- 
ditions which do not come under the head of heredity, and it is 
certainly modified by climate, nourishment, and occupation. It 
is quite likely that human dwar^ might be raised upon the same 
principles os the Japanese dwarf trees. Mr. Gallon makes no 
deduction from his statistics for other influences than heredity, 
and his results stand as the expression of the law of frequency 
of error applied to qualities which are the effect of many com- 
plex causes beside heredity. Hiram M, Stani.kv. 

Lake Forest University, October 5, 


Mead Measures at Cambridge. 

I AM pleased to be able to say, with reference to criticisms by 
your corrMpondents on the trustworthiness of the head measures 
at Cambridge, and on the deductions ma<le by myself from thtf 
results obtained by Ur. Venn after he had discussed the first 
batch of them, that he is now about to discuss a second batch. 
The observations that have since accumulated are about equal 
in number to those already dealt with, and the new rcbults will 
afford an efficient check upon the value of those already published. 
I hope also that Dr Venn may find adequate matenal to deter- 
mine the ** probable error” of a single head measure, by means 
of the differences (discussed under obvious restrictions) between 
the recorded measures of the same persons at different time^. 
We shall then be better able than we are now to estimate the 
degree of reliance to be placed on the mean value of any given 
number of head measures. Francis Gai.T(in. 


Trimorphisxn in Scaitiosa succisa. 

This species is usually described as gynodicecious. Hooker 
(** Student's Flora”) thus refers to it. Darwin (“Forms of 
Flowers '*) says, “I have oljserved the existence of two forms 
in our endemic S. ; further, **From what Lecoq says 

(* Geographic Botanique ') S. succisa appears to occur umler 
two forms in France” ; and again, ** According to Lecoq, the 
female flower-heads of J. sucena are smaller than those of 
what he calls the male plants, but which are probably herm- 
aphrodites.” Hermann MlilJer (“Fertilisation of Flowers”) 
also speaks of dT. succisa as existing under two forms in 
Germany. 

I have recently discovered that the species really exists, in this 
country at least, under three very distinct forms, viz. (i) the 
original hermaphrodite ; (2) the small female form described 
by Lecoq ; and (3) a second female form, larger even than 
the hermaphrodite, and differing from the first in a very remark- 
able manner. I will describe the three forftis in detail. 

No. I (hermaphrodite). Average measurements of icx) cRpi- 
tula: diameter at the base inch, he^ht H ii'ch. Average 
number of florets per capitulum 86 (highest iix, lowest 53), 
Corolla lavender. Filaments incurved in bud, afterwards erect, 
and twice as long as the corolla- tube. Anthers pink. Style aljout 

inch long, tiuo, remarkably erect, purple, glabrous. Plane 
of stigma at right angles to the style. Development of style 
does not take place till anthers have falJen, when stigma becomes 
viscid. 

No. 2 (straight -styled female). Average measurements of 
50 capitula : diameter \ inch, height 1 inch. Average number 
of florets 61 (highest 79, lowest 52). Florets very small. 
Corolla with a deep lilac tinge. Stamens abortive, filaments 
very short, within the tube. Rudimentary anthers yellow. 
Style about | inch long, otherwise precisely as in No. J,^ut 
development begins as soon as the floret opens. 

No. 3 (bent-style female). Average measurements of 150 
capirola : diameter f inch, height inch. Average number of 
florett 58 (highest 79, lowest a*}. Florets very large, and more 
loosely packed on the recepUde. Corolla blue, with a Uvender 
tinge. Stamens as in No. a. Style about inch long, very 
stout, much swollen at the bare (? honey-gland), usually wh^, 
stigma green. Plane of the stigma much imfliaed. Sidles 
much bent and twisted. The whole surface of the Corella 
clothed with long stellate hairs. These are thickest on the fene 
of the limb, whmh in the other forms is quite glabrous. Tlw 
style is also thickly covered with shnttar hairs, umich are ranch 
crowded immediately below the stigma. To these hairs an 
immense xutmber of poDen-grafas may be found adhering. The 
hsdfS' are not ftilly developed until the stigma is mature. 

Forms In some respects intermediate between Nos. f and s, 
and between Nos. i and 3* we occasionally found, and this 
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might be expectedi as Nos. z and 3 are obviously descended 
froin the hermaphrodite No. 1. I have never, however, found 
a sir^le indivldoalia any sense intermediate between Nos, a and 
3, wmch appear 10 be two distinct female forms developed from 
No. 1 along difierent tines. 

These two forms, it will be observed, differ remarkably from 
each other in the following points, vie, size of capituluzn, size 
of florets and arrangement on the receptacle, colour of corolla, 
stoutness, colour and general form of style, and in the absence 
or presence of stellate hairs. 

The stellate hairs are utUizeil to catch stray pollen-grains 
detached from the bodies of insect-visitors coming from neigh- 
bouring hermaphrodites, most of which would otherwise be 
wasted. As it Is, they are retained by the hairs until the 
arrival of other insects, which in depressing the already bent and 
twisted styles bring their viscid stigmas into contact with the 
pollen -grains collected by the hairs of adjacent florets— a result 
facilitated by the manner in which the stigma is set on the style. 
By this arrangement the chances of Tertilizatlon are much 
increased, as each stigma generally receives a full share of 
pollen. 

With regard to the relative size of the three forms it is j 
remarkable that while one of the female forms is so much 
smaller than the hermaphrodite (as is the case, according to 
Darwin, in all gynoditecious species known to him), the other 
even exceeds it in size. It is also noteworthy that the capitulum 
of the second ferpale form, although larger than that of the 
hermaphrodite, contains a much smaller number of florets, and 
these arc very large. 

1 can discover no rule as to the distribution of the different 
forms, In one station near here (a large common) all the plants 
are hermaphrodites. In a certain wood where the species 
abounds, the bent-styled ** females appear to be nearly as 
common as the hermaphrodites, while no “straight-styled’* 
females cart be found. In another wood, not half a mile distant j 
from the first, the “bent-styled” form is almost entirely sup- 
planted by, the “straight -styled,” which is plentiful. Lastly, in 
a fourth station (a barren strip of ground by the roadside), all 
three forms are found growing together. Arthuk Turnfr. 

Box Hill, September. 


On the Aquatic Habits of Certain Land Tortoises. 

It has always proved of more or less interest to me to 
observe the method of aquatic locomotion adopted on the 
part of any of our strictly terrestrial vertebrates, and never 
IS this more keen when the opportunity has been afforded 
to study the swimming propensities of certain of our Reptilia. 
Most snakes swim well, hut who of us has not been sur- 
prised upon’ first observing the violent wriggling, froward- 
propelling motions of some of the smaller lizards when they arc 
thrown out into the water some little distance from the shore? 
The American chameleon {AnoUs principalis) well illustrates this 
lost ; and this lizard, in common with others, seems to possess 
an actual dread of getting into deep water. For a long time 
it has been known that most species of the so-considered 
stricter types of land tortoises soon drown when placed in water 
of any considerable depth, and it would be but natural to 
suppose that such species would avoid that clement as far as 
possible, but I have found this by no means always to be 
the case. Take the ordinary land turtle of the United States 
{Ci^tudo Carolina) for example : it will voluntarily enter the 
water under certain circumstances. Not long ago the writer 
noticed one of these hunting for food in three or four inches 
of water along the edge of a pond that had rising banks ; and 
the first time I discovered the nest of this variety the egi^s 
were deposited in the water in a d^ression at the miry margin 
of a marsh. But this k not all, for if we place one of these 
reptiles upon a little island of land, well removed from the 
shore, and surrounded by water several feet in depth, and 
withdraw to watch its movemenlH, we note that as soon as it 
satisfies itself as to its poslUon, it will, without farther ado, 
take at once to the water and swim to the nearest shore. It docs 
not, however, sink beneath the surface, but, holding its head 
high out of thnt element, and filling its lungs with air, strikes 
out vigorously, with alternate pairs of feet, until It accompUahes 
its purpose, and regains the mainland. How far one could 
swim in this manner 1 am unable to state, but that It wonld 
not exceed a few yards I am quite certain. Nevertbeless, 
even the power to accomplish the faat to the extent Indicated 


might, under a variety of circumstances, have its influence upon 
the distribution of the species, or of any species of typical land 
tortoise, and it would be interesting to know how far this power 
may be enjoyed by this class of reptiles generally. 

Smithsonian Institution, R, W, ShufeIUT- 

Washington, D.C., September tj. 


Delambre’a Analogies. 

Four of the most important formulae in spherical trigono- 
metry were given by Gauss, without proof, in his “Theoria 
Motus Corporum Coelestium” (1809), and were therefore called 
Gauss’s theorems or analogies. 

They were, however, given by MoUweide in Zach’s Monal^ 
licht Corrtspofiden^ for November 1808, and before that by 
Delambre in the Connaissatice des 7 'tmps^ issued in April 1807, 
so that they are now justly ascribed to the latter. 

They may be deduced in the most simple manner from 
Napier’s analogies, and thus easily remembered. 

Napier’s analogies are — 

cos - b) 
cos i{a H- b) 


tan + B) 

tan 4(A - B) 
tan -f- b) 

t.in 4 (dr - b) 


sin J(a - 
sin ^{a + 
cos ^(A -■ 
cos -i- 


b) 

b) 

B) 


cot JC 
. cot 4c 
, tan 


Mn i{A -f B) 


Let m . sin 4 (A -f B) = cos i{a - b) cos 

m , cos J(A “ 4 - B) 1=-' cos 4 (« + b) sin JC . 

Thcfte are iliunerutur find denominator of («). 

Let ft . .sin 4 (A - B) sin 4 (« - b) cos JC , 

« . cos J(A - B) - sin 4 (<i + b) sin JC 

Numerator and denominator of ,(/s). 
Square, and add — 

Divide (4) by (2), and it follows by (7) that — 


(«) 


(J8) 

(7) 

(«) 

(1) 

(2) 

(3> 

U> 


^ ~ tan Jc J 
m 

. OT -= COS ic, n — .sin Jr. 

Substitute these values, and (i), (2), (3), (4), are Delambre’s 
analogies. R. CHARTRES. 


Clasaified Cataloguing. 

The principle suggested by Mr. Petrie, on “Classified Cata- 
loguing’’ (Nature, August 22, p. 392), is already successfully 
used in many of the chief libraries of the United States, having 
been originated by Mr. Melville Dewey, while Librarian at 
Amherst College. It is equally applicable to collections of all 
kinds, and the classification has already been extended to a 
considerable extent in certain departments, particularly in 
botany, and is capable of unlimited extension. It possesses all 
the advantages mentioned by Mr. Petrie, but is broader, 
inasmuch as it includes all sunjects. 

In the “Decimal Classification” of Mr. Dewey (Boston, 
1SS5, second edition), we find, for lllustraiion, under spo. 
General Science ; 580,' Botany ; 583, Dicotylcdome ; 583*9, 
Apctalae ; 583 95, Unisexuales, 583-951, EuAorbiaceBe ; 590, 
Zoology; 598, Reptiles’; 598*13, Chelonia, «c. 

If an extension of this system, which would, I have Uio 
means of knowing, be most acceptable to Mr. Dewey, were 
to be adopted for general museum use, the advantages would 
be incalculable. Ias. Lewis Howh- 

Poly technic Society, Louisville, Kentucky* 


Valuable Specimen* of Vertebrates for Biologloel. 

Labomtnriea, 

What specimens of Vertebrates are the best to be Used by 
the student in the biological fabontoir ? This is berisfa^ S 
very^ important queXHoA, In Europe, the foaiowing W 
gecerally dissected : some fiAb, the common frog, ^ 
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the rabbit, or the guinea-pig. The frog is a very aberrant 
member of the Batrachia, and it would be very instructive 
for the student to examine a more typical representative of 
the class. Such a one is the American Proteus {Nectums 
macu^atus^ Ref.), used at Cornell University, Ithac^ N.Y, 
Durii^ the last few years 1 have received many specimens of 
Vftrtebr^es from two fishermen— Mr. Russell Dee and Mr. F. 

C. Audibert, from Marietta, Ohio. Lately, Mr. Audibert has 
written to me that he could procure any quantity of material, 
if wanted, and he would charge only 25 cents, {a little over one 
shilling) for each specimen. From the list of specimens sent to 
me by Mr. Audibert I select tlie following, which appear the 
most important for laboratory use : — 

Accipenser mctculosus^ Les. 

Polyodon folium ^ Lat. 

LipidoiUm L. 

Nicttirus maculostis^ Ref. 

Mtnopoma alUghatticnsis^ Daud. 

JHonyx muticuSy Les. 

The instructive value of these specimens is certainly very' 
great, and the low price could enable any biological laboratory 
to secure this material. G. Baur. 

New Haven, Conn., September 30, 

“ Darwinism." 

I r has now become to me .a matter of amusement to note how 
those naturalists who of late years have drifted most widely from 
the doctrines of evolution as these were held by Darwin, hai>itu> 
ally accuse me of Darwinian heresy because I have not seen any 
adequate reason to depart from those doctrines in their entirety. 
Perceiving Uial there lias been some change of relative position, 
while failing to i>crceive that the movement has been altogether on 
their own side, these naturalists represent that I have been fall- 
ing away from Darwinism, when the fact is that they have been 
advancing beyond anything that was ever countenanced by the 
judgment of Darwin — and even expressly accepting the view 
which he so vehemently rejected, viz, that of regarding natural 
selection as the sole cause of organic evolution. Thus, for 
example, when in Nature of October 10 (p. 569) Prof. Ray 
l^nkester gravely designates my paper on physiological selec' 
tion a “laborious attack upon Darwin’s theory of the origin of 
sjrecies/' it becomes evident how fast and far he has travelled 
from his Darwinism of two or three years ago. For, to put it 
briefly, unless it can be shown that Darwin considered natural 
selection the only possible cause of organic evolution, and did 
not consider sterility between allied species as probably due to 
some other principle of change, it is obvious that there can be 
nothing in my “additional suggestion on the origin of species ” 
which may in any sense be designated an attack upon the dis- 
tinctively Darwinian theory. Vet it is with regard to these very 
points that the opinion of Darwin was steadily opposed to that 
of Wallace ; i.e. to the present opinion of Lankestcr. Therefore, 
quite apart from any question touching the truth of this “addi- ! 
tional suggestion" or “supplementary hy]>othc8is" (which, ] 
however, 1 may here parenthetically remark, will soon be shown | 
to be in no way seriously affected by Mr, Wallace’s sole remain- j 
ing criticism), u is sufficiently evident that, when the object of 
phishing the hypothesis was expressly and repeatedly stated to 
have been that of meeting the main difficulties which had been 
advanced against the theory of natural selection, tlie present 
designation of this hypothesis as on elaborate attack upon that 
theory is simply absurd. 

But my object in now writing is to state, apropos of Prof. 
Lankester’^ remarks on the inadequacy of Mr. Wallace’s criti- 
cism of Mr. Gulick’s paper, that I have jiwt received a commu- 
nication from the latter gentleman (who writes from Japan), 
requesting me to exercise my dlsci^on as to publishing in these 
columns a reply to that crlUclsm. Unfortunately this reply i« 
too long for insertion, and as I do not seeJiow h can be curtailed 
without serious detriment, 1 have refused, to incur ^he responsi- 
bih^y of publishing i% in an abbreviated form. At the same time 
it seems out just to let the readers of NatUrr know that a full 
reply to Mr. Walioce^s criticisms (in these columns and elsc^ 
has been prepared ; aince otherwise the silence of Us 
Attibof might be mtainterpreted. 

, To me U appears that Mr* Gulick’s work is much the most 
profound that nas ever been puMidied on the important 
mndtUra of which it treats ^vis, isolation in all its forms, with its 
, coh^ttenecsia ** segregate breeding" and “divergent evolu^ 


tion ”) \ and therefore I am glad to take this opportunity of 
reco^izing his priority, by some fifteen years, in thinking out, 
and largely verifying by his researches on land shells, the theory 
of physiological selection. George J, Romanes. 

Geanies, Ross-shirc, October 12. 

Sunset Glows. 

It is a curious fact that a revival of sunset-glows, similar to 
those described by Sereno K, Bishop in a letter published in 
Nature for August 39 (p. 415), was observed in Western New 
York at almost precisely the same time that he saw them at 
Honolulu. I inclose a clipping from the Rochester (N.Y.), 

^ Democrat and ChronicUy whlcn was published on July 2i : — 

“The skies at evening show signs of the gradual return of 
the red light. It will be of interest to ascertain if the pheno- 
menon reappears as the solar disturbances continue to increase 
t in energy to the maximum. It is quite apparent now that the 
I minimum has been passed, and the tendency is toward an increase 
I in the number and in the violence of solar disturbances. There 
1 are certainly three and probably four well-defined disturbances 
I at present.” M. A. Veeder. 

Lyons, New York, September 13, 

“The Teaching of Science." 

I BEG that the following alterations may be made in the 
” Suggestions for a Course of Elementary Instruction in Physical 
Science," printed in Nature of October 17. 

Henry E. Armstrong. 

P. 602, Problem 11 ., line ii from above, read “by means of 
iron " instead of “ by means of phosphorus," 

P. 603, Problem VII., line 20 from below, instead of “when 
metals are heated with acids," read “ when metals are dissolved 
in acids," 

P. 604, Problem IX., line 31 from above in right-hand 
column, read “dried hydroma," instead of “dried oxygen." 

P.605, Problem XII., line 17 from above in right-hand 
column, read “zinc oxide," instead of “lime oxide." 

TELESCOPES FOR STELLAR PHOTOGRAPHY} 
JI. 

I N considering the essentials of a good system of control 
for equatori^ clocks, it is necessary to keep in view the 
exact conditions required. It is not sufficient that the con- 
trolling apparatus (of whatever form^it maybe) should 
simply bring the rate of the clock, which has been inter* 
fered with by some adventitious disturbance, correct once 
more ; it must do more, it must correct this error. P'or, 
suppose a star be set on the slit of a spectroscope, and the 
clock started, and say, as in Dr. Huggins’s case, a photo- 
graphic plate inserted for a two hours’ exposure. Now 
suppose that five minutes after the commencement of the 
exposure, an error of one-tenth or two-tenths of a second 
occurs from some disturbing cause (a fragment of dirt on 
the tooth of «T wheel, or other cause) ; if the controlling 
apparatus be of such a nature as simply to bring the 
clock-rate correct again, the position of the telescope will 
i be the above quantity, onc-tenth or two- tenths of a second, 
I in error for the remainder of the exposure, although* the 
rate may be absolutely correct for the whole times. In 
other words, the star will have moved oflf the slit, by a 
quantity equivalent to what the instrument would move in 
one-tenth or two- tenths of a second, and will continue off 
the slit for the remainder of the two hours. So it will be 
seen that no controlling apparatus is of any use whatever, 
unless, as well as keeping tne rale uniform, it corrects the 
errors that have crept in. In consequence of not keeping 
this point in view, many most ingenious but useless ar- 
rangements have been from time to time proposed. A 
little consideration will show that this arrangement meets 
all requirements, , , 

The above arrangement is somewhat similar to Dr. uiU s. 

■ * A Paper rtftd by Sir Howard Grubb, F, R. S-, liefoir tho Society of Arts, 
oa April tfi, iMS. Corttiniwd from p. 444* 
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It is simpler to attach to any existing clocki but not so 
delicate as his, and is open to the same objections. It is, 
however, capable of very good work, as may be Judged 
from the chrono^jraph sheet of the D unsink Observatory 
chronograph. 

The third is the form of control which I devised for Mr. 
Isaac Roberts, and which has been so successful with him, 
and with Prof. Pritchard (who has had it recently attached 
to the Oxford equatorial), that photographs have been ex- 
^sed with the telescope to which it has been attached for 
fifteen minutes, and yielded perfect images of stars without 
any hand and eye guiding. 

The arrangement consists, firstly, of a remontoire train, 
driving a ^ood mercurial or other compensated pendulum 
— the driving of this train being of course entirely inde- 
pendent of the equatorial clock giving motion to the 
telescf^ ; secondly, of a detector apparatus, which detects 
any difference between the rate of this standard pendulum 
and the eouatorial clock ; and thirdly, of a correcting ap- 
paratus, which corrects automatically any error discovered 
by the detector. This corrector uself consists of two 
partS“-an “ accelerator ” and a “retarder”— and these we 
will first proceed to describe. 

In s s' s" is one of the shafts, between the driving train 
of the equatorial clock and the worm which drives the 
right ascension sector, this shaft being cut into three parts, 
denoted by the letters just named. At one end the portion 
S of the shaft carries a wheel, i, immediately adjoining 
which is the wheel 2, mounted on the portion S' of the 
shaft. At the other end of this last-named section of the 
shaft is fixed a third wheel, 3, which is almost in contact 
with the wheel* 4, fixed on the end of the shaft s". The 
shafts s and s' also have mounted freely on them the brass 
disks, d d\ which adjoin the two pair of wheels referred 
to above. Each of these brass disks is furnished with a 
stud on which a small pinion is mounted, the pinion 
belonging to the disk gearing across the pair of wheels, 
1*2 ; while the pinion belonging to the disk d\ gears 
across the pair of wheels, 3-4. 

Under normal conditions, if no error exists in the 
equatorial clock rate, the arrangement of wheels and 
pinions just described revolves as one piece, the three 
sections, s s' s”, of the shaft rotating at the same speed ; 
but it is possible by an arrangement which we shall explain 
presently, to stop tbb rotation of either of the disks, d d*f 
and as soon as tnis occurs the pinion of the stopped disk 
has to act as a transmitter of motion from one of the 
wheels into which it gears to the other. If the two wheels 
of each pair had the same number of teeth, the speed of 
both wheels would still remain the same, but in reality the 
number of teeth in the two wheels of each pair is different, 
and hence the stopping of one of the disks, d or d\ causes 
a variation in the rate of rotation of the two adjoining 
wheels relatively to each other. For instance, in the case 
of the first pair of wheels, let wheel 1 have 30 and wheel 
2 have 29 teeth, and suppose that the shaft s is rotating 
once every 60 seconds. Thus, if the disk d be stopped, 
the wheel t will be made to revolve in of the time oc- 
cupfted by the wheel l, or in other words the rate of the 
section s' of the shaft will be accelerated to one revolution 
in 58 seconds. In the same way by reversing the positions 
of the wheels in the other pair 3-4, the stoppage of the 
disk d can be made to effect a retardation of the portion 
s" of the shaft relatively to s'. The edges of the disks 
d and d are cut into very fine teeth, and the stoppage of 
the disks when desired is efi^cted by causing a comb 
attached to the armature of dectro-magnet to engage 
with these teeth. 

The whole apfmratus just described constitutes a very 
oenv&iieBt arrangement for accelerating or retarding the 
driving motion imparted to the telescope by the equatorial 
dock, and that it is caps^ of very good work is shown 
^ the photoCTaphs which have be^ taken by Prof 
Pritchard and Mr. Roberts, in which the star disks are per^ 




fectly round, though exposed for 1 5 to 60 minutes, and no 
hana guiding used. 

1 have now to describe how this apparatus is, when 
necessary, automatically brought into action by the 
“ detector/* 

In Figs. 5, 6, and 7,^ w is a scape-wheel mounted on 
the sixty- second spindle of the controlling clock, and 
driven from that spindle through a spiral spring, XX, so 
that no error in the equatorial clock can affect its rate or 
that of the standard pendulum. On the same spindle 
there is also mounted behind the scape-wheel an ebonite 
disk, K R, Fig. 5 ; this disk, which is driven by the 
equatorial clock, carrying two insulated rings, d b\ which 
are respectively connected metallically with two platinum 
plates, B b', inserted in the face of the disk. Between the 
scape- wheel and the ebonite disk there is also mounted 
loose on the spindle a lever, a a, which carries at one of 
its ends a platinum bridge, b, which is of such a length as 
to fit between the platinum plates, B B, and which in its 
mid- posit ion bears against a piece of rock crystal let into 
the ebonite disk between the two plates just named. At 
the other end the lever, A A, is formed into a fork, between 
the arms of which projects a pin carried by the scape- 
wheel ; the arms of the fork are provided with set screws, 



by means of which the amount of play allowed to this]dn 
in the fork can be adjusted. 

The insulating rings, are electrically connected with 
the accelerator and retarder already described by means 
of fine platinum wires, o o', wiping against them, and the 
action of the whole arrangement Is as follows. The 
scape-wheel, w, being driven by the comrol Clock, has an 
intermittent movement corresponding to the beats of the 
pendulum, while the ebonite disk, S x, being driven by 
the equatorial clock,has a constant movement, so that even 
if the scape-wheel and disk make a whole revolution in the 
same time, the pin carried by ^ scapewheel will be con* 
stantly osdll^ing between t&e pins of the fork at oneend of 
the lever, a, this lever being driven by frictkm ^om the 
ebonite disl& The pins just named are adjusted so as to 
allow of this oscillation taking place without imefference, 
so toi^ as the rates of the equatorial and control clocks 
remain uniform, but if the equatorial clo^ either los^ or 
gains with respect to the standard, the pin on the scape* 
wheel comes into contact with one of i^k pins of the 
lever, A, and shifts that lever on the spindle, bringing the 
bridge, B, into contadt with one of the platinum 

‘ Th«w bk>ck« hsvt hmm kiaSlr by tb* wBior iir ' 
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B or B', and transmitting a cm rent which brings into 
action the accelerator or retarder as may be required. 
The period during which the accelerator or retarder re- 
mains in action will depend upon the amount of the error 
to be corrected, and the proportions of the pairs of wheels, 
j, 3, and 3, 4. With the proportions described above, the 
correction introduced is one-thirtieth of the rate, so that, 
to correct an error of one^hfth of a second, the accelerator 
or retarder, as the case may be, would have to remain in 
operation V ^ seconds. As soon as the correction has 
made, the lever, A, will resume its normal position, 
and the bridge, B, coming then between the two platinum 
plates, B B', a current will cease to be transmitted, and 
the accelerator or retarder thrown out of action. 

It is to be noted that the apparatus above described 
not only corrects any temporary disturbance of the equa- 
torial clock rate, but cancels errors which have already 
occurred, 

h will be seen that the third form of control is free 
from the objections of the hrst and second. The detector 
part of the apparatus is close to the screw spindle, only 
removed from it by one pair of wheels, and the correction 


is not applied in the same manner by checking the speed 
of the clock, but by introducing a differential gear, which 
acts until the error be cured, and then drops out of gear 
automatically. 

The fourth and last form of control, however, is that to 
which I would invite your special attention, for I believe 
it to be capable of results beyond all the others. 

I have endeavoured in it to select all the good points 
of the other forms, and to combat the weak points. I 
may not have as yet produced it in as perfect a form as 
IS possible, but I am satisfied it is capable of development 
into a very perfect control, and even at present it is the 
most perfect I have constructed. 

As long as the control applied its correction by altering 
the speed of the governor, it was necessary to keep down 
the inertia of the governors, but now, as the correction 
is not applied in this way, 1 have made the governor very 
heavy, and running at a very high speed. 

The 7 *is incf tia of the governor is represented by some 
10,000 foot-pounds per minute ; consequently it is little 
affected by any small or short differences in friction or 
driving powers. 



Again, at the suggestion of Dr. Gill, I make the governor 
spindle gear directly into the counter spindle of the screw, 
in order to have as few wheels and pinions to deal with 
as possible. Errors of wheels behind the governors have 
notning whatever to do with the accuracy of its rate. 

As to the nature of the control, I use Dr. GilVs form of 
detector and my own form of corrector, viz. accelerator 
and retarder. J use Dr. Giirs detector because it seems 
to be capable of being made on a larger scale than mine, 
and consequently ought to be more delicate. 

I now propose to say a very few words on the optical 
part of the instrument. 

The first question that naturally occurs is whether a 
re&actor or ralector should be used. 1 own that when I 
first considered the subject 1 inclined to the belief that 
refiectors would be found to be the most suitable \ and in 
a paper of mine, which was read before the Koyal Astro- 
nomical Society last spring, 1 urged that comparative 
trials ^ould he made h^ore a final decision was arrived 
at 1 have fbuud reason, however, to nmdUy my views 
pn this .point* 

My reason to thanking that the refiector might possibly 


prove the best was founded on the consideration that in 
reflecting instruments rays of all refrangibilities are brought 
to a focus at one and the same point, whereas in the re- 
fractor rays of various refrangibility have different foci, and 
the best we can do is to so arrange the curves that those 
rays most active in impressing the photographic plate 
may be brought as nearly as possible to the one focus. 

If we draw a curve which represents the position of the 
focal point for various rays of the spectrum in an object- 
glass corrected for photo work, it will be something like 
this figure (Fig. 8). The same for a reflector will be repre- 
sented by a straight line. Looking at these curves it is 
certainly a natul'al conclusion that the reflector ought to 
be best, and therefore it was that I urged that a fair com- 
parative trial should be made betwwn the reflector and 
refractor as to their suitability for this work. 

The Congtess, however, decided upon the use of re- 
fractwB, from the simple fact (as Dr. Gill says) that the 
best work done (to that time) had been done by refractors, 
not taking into consideration the very much more favour- 
able conditions under which the refractor photographs 
were taken. Since that time further experiments have 





NATURE 


[Oct 31, tSSjf 


been made with both forms of instruments, which tend to 
show that| as against the refractor of the ordinary con- 
struction, the redector can well hold its own, but that 
while it is obvicAisly impossible for the optician to improve 
the field of the reflector, it is by no means impossible to 
do so with the refractor, and time and patient experiment- 
ing have shown that, by a hnodification of the curves of 
an objective, equally good definition of the central pencil 
can be obtained, combined with a very much, better and 
flatter field, so that, however well reflectors could compete 
with the ordinary form of refractor, they cannot do so 
with forms constructed with special reference to field. 

It should be borne in mind that the question of field is 
one which the optician was never before asked to consider 



n 

I 

I 



• Fio. 7. 

in telescope objecti\ es. The field of such a sized telescope 
used for visual woik would not be more than even 
with the lowest power. It has been found possible to 
obtain good definition over a field of 2° with cither re- 
flector or the ordinary form of refractor, and with the 
modified form considerably more. This question of field 
is, as I said, a very importa*it one, for on it depends the 
amount of time required to complete the survey. If one 
instrument gives equally good definitions over 3° square, 
M. nine square degrees, as another does over 2“ square, 
four square degrees, it is evident that the first instru- 
ment, equally energetically worked, is capable of com- 
pleting the survey in less than half the number of years 
it is possible to do with the second instrument. 


There is one point connected with this question of field 
which is of great importance* 

Various forms of objectives give various characters of 
images of star disks at the edge of the field. Some give 
a bright nucleus with a tail like a comet, some assume a 
form approaching to a cross, and some give elliptical 
disks. 

Of course perfection would mean absolutely circular 
disks all over the plate, but when this cannot be obtained, 
the last or elliptical disks are very much preferable to 
either of the others. It is quite possible to fairly estimate 
the most central point in an ellipse if the illumination 
over it be tolerably equal, but in the case of the comet or 
irregular form this is not possible. 

The newer forms of objectives are peculiar an that 
the distortion of the lateral star images are of their least 
objectionable character. 

It has been suggested that good results might be ob- 
tained by using the new *^Jena” glass with rational 
spectra, but I have made inquiries respecting this, and it 
IS not considered by the makers themselves that this 
glass in its present state would be suitable for the purpose 
of these photographic objectives. Until the permanency 
of that glass be thoroughly tested by exposure to various 
climates for some years, it does not appear safe to use it 
for such important work as this. There can be little 
doubt, however, that for ordinary visual work this glass, 
if capable of being made into large disks, will allow of the 
production of objectives superior to anything hitherto 
made. 



I ought perhaps to mention that it is possible to make 
an objective which can be adjusted to work either as a 
photographic or visual objective. 

By separating the lenses of an ordinary objective, the 
chromatic correction can be so much reduced as to render 
it suitable for photographic work, but unfortunately the 
spherical aberration is reduced at the same time and 
definition destroyed. 

Prof. Stokes, however, suggested to me that by con- 
structing an objective in such a manner that the crown 
lens would be unequally convex by a certain amount, 
and that the spherical aberration would be correct when 
the flatter side was outermost, that then the chromatic 
aberration could be reduced as before by separating tlie 
lenses, and the reduced correction for spherical aberration 
raised by turning the crown lens with its more convex 
side outerwards. 

This I tried, and found act perfectly* 

I described this Ifiist spring at the Royal Astronomical 
Society, but it has since been re-invented in America. 

It remains for me now only to describe how these new 
photographic objectives are tested. 

The testing of objectives, for visual work is a matter 
almost altogether of eye experience. 

In these photographic objectives a difierent course 
must be adopted, as the image appears to bo badly 
corrected to the eye when it is rightly conected for 
photographic rays. 

The Paris Congress decided that the rays G df the 
spectrum should have in their objectives a foinimum 
focus ; how is the correction to be verified ? It is usual 
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in the testing of the chromatic aberration of objectives, Two separate considerations arc concerned in the just 
by those whose eye experiences cannot be a sufficiently determination of a scale of marks — namely, absolute per- 
accurate guide, to allow the image of a star, as found by formance and relative rank, which are apt to be confused 
the objective, to fall on the sht of a spectroscope, and to in unknown and varying proportions, 
judge of the focus of each particular ray by the breadth Absolute performance is such as is expressed by the 25, 
of the spectrum at that ray. Wherever the light is brought 35 j 45 inches just spoken of. Jt is perfectly correct 

to a focus the spectrum is of insensible breadth. When in some cases to mark, pr let us say to pay, for this, and 
it is out of focus, a more or less sensible breadth, by this alone, upon the principle of piece-work — namely, 
moving the spectroscope in and out of the position of that the pay ought to be proportionate to the work 
maximum and minimum foci, can be obtained. accompHsned, or to the expected output in after life. 

I tried this plan, but found it very unsatisfactory, as it Relative rank is, however, on the whole, a more im- 
was very difficult to determine the exact place where the portant consideration than the absolute amount of per- 
spcctrum was narrowest, the curves being so very shallow, romance by which that rank is obtained. It has an im- 
After much thought I arrived at the following very poitance of its own, because the conditions of life arc 
simple and efficient plan, which I described in full, as it those of continual competition, in which the man who is 
may be useful to some for other purposes. It should be relatively strong will alw^s achieve success, while the 
remembered that the object is to get the focus of the relatively weak will fail. The absolute difference between 
objective for various parts of the spectrum. their powers matters little. The strongest even by a trifle 

if, therefore, we could obtain various objects when j will win the prize as completely as if he had been 
light was derived for such portions, and such portions strongest by a large excess. Undertakings where many 
only, of the spectrum as wc required, our object would be have failed, are accomplished at last by one who usually 
accomplished. is very little superior to his predecessors, but it is to just 

I take a spectroscope with a fairly large dispersion that small increment of absolute superiority that his suc- 
equal to about 2 prisms of 60® and with a pencil of light cess is due. Therefore it is clear that relative rank has at 
of about 2'^ diameter, 1 remove the observing telescope, least as strong a claim for recognition as absolute per- 
and substitute one of very long focus, so that the linear formance, if not a much stronger one. They have each 
dimensions of the spectrum shall be as large as possible, to be taken into separate consideration, and each to be 
1 observe with this the solar spectrum, and npte the separately marked. The precise meaning intended to be 
position of such lines as I intend to work on. I then re- conveyed by the phrase relative rank will be better 
move the eye-piece and insert in its place a tube canying understood further on. 

a small convex mirror. The apparatus is left till dark, Recurring to the example of keenness -of eyesight, let 
and a small electric glass lamp attached outside the slit, the test object be words printed in diamond type, and the 
The observing telescope is then placed at such a reading persons tested be Englishmen of the middle classes, be- 
as I know will bring any certain line into the centre of the ' tween the ages of 23 and 26^ then the performance of read- 
field, and on looking at the small mirror through a long slit I tng diamond type at 25 inches happens to be strictly 
which is purposely made on the top of the tube to allow ; mediocre. Fifty per cent, of the many persons who were 
it to be viewed from the front, you see a small bright star tested performed better than this, and 50 per cent, per- 
whosc light is due to that particular line in the spectrum, formed worse. The 35-inch performance was exceeded 
and to no other part. The apparatus is placed at a suffi- by only 2j per cent, of the persons tested ; and as to the 
cient distance in front of the photographic telescope, and 45“it'ch performance, it has not in my experience been 
these stars are the objects examined. In this way 1 can reached at all, 1 have had altogether 12,000 persons 
produce a small bright star of a colour corresponding to tested in this way, of both sexes and of various ages, but 
any of the lines in the spectrum, and the foci of these, as not one of them has succeeded in reading diamond type 
observed in the photographic telescope, can be measured at the distance of 45 inches. It iswefry rare to find one 
with great exactitude. who can do so at 40 inches. Wherever superiority in 

There are, of course, small matters of detail which I eyesight is eminently desirable, it would be absurd to 
have been unable to touch upon in the present commu- make the marks for the three supposed cases to run pro- 
ni cation, many of which are very important for the effec- portionateiy either to 25, 35, and 45> or to o, 10, and 20. 
tive working of these instruments, and which require The achievement of 45 inches would deserve much higher 
special treatment, I have, however, confined mysdf to recognition. Relative rank and absolute performance 
the principal and more important parts, but I trust that 1 should not be confused together. 

have been able to show that we have at least made a sub- I use the term relative rank in a large sense, with refer- 
stantial advance ; and it remains for us to hope that when ence to all persons who have been, or arc likely to be- 
these instruments are placed in the hands of astronomers come, candidates, and not to the small number of them 
they may yield a rich harvest of work, and leave their who may happen to be present at a particular examina- 
ttiark on the history of astronomical science. I tion. Statistical tables concerning the class of persons in 

Howard Gru>3B. t question have to be compiled from past examinations, 
i and the rank of the inaivldual has to be detennined 
I amidst these. I have often described how this is to be 


ON THE PJUNCIPLM AND METHODS OF 
AJSSIGNING MARKS FOR BODILY 
EFFICIENCY} 

T he question to be solved is of this kind. Suppose 
that one man can just distinguish a minute test 
object at the distance of 25 inches, another at that of 35# 
and again another at 45 inches, how should we mark 
them ? We should be very rash if we marked them in 
the proportion of 25, 35, and 45, or even if, fbr some good 
reason, we had selected 25 as 3 ie lowest limit from i^ich 
marks ^ouM bOgin to count, we should mark them as o, 
to, and 20. 

^ R«ad St ^ £dtUh Amciatka, T»y Francis Oatton. P.K.S. ; but slightly 
In ordvr tp innvduc^ the dfagrarna herewith ^ntad. Followed by 
^ ^ontetaiionexfwrlmcbiainode at Eton Cdbire, by A. A. SoTnarvllle. 


, done Natural Inheritance," p, 38, Macmillan and Co., 
x88q), but the diagram (Fig. i) is, I think, the simplest of 
all forms for the use of an examiner. It tells at a glance 
the rank held by a man among his fellows in respect to 
any single and separate faculty. The ' class from which 
itris constructed might consist of any large number of 
persons subject only to the condition that the distance 
Mtween the limits wifJiin wMch it extends shall be 
always divided into centesimal grades ; that is to say, 
running from o' to loo^ The grades are printed along 
both the top. and the bottom of the diagram, and refer 
alike to every line. As a specimen of the way to read it, 
let us take the line of keenness of eyesight among the 
males. Here we see that the performance of reading 
diamond type at the distance of 25 inches is appropriate 
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to grade 50*^ ; or, as already stated, 50 per cent of all 
the persons tried did worse, and 50 per cent did better. 
Therefore the p^ormance in question is exactly medi* 
ocre. Again. 30 inches corresj^nds to grade ; in 
otbo* words. 80 per cent, did worse and the remaining 20 
per cent, did better. The method on which this diagram 
is constructed is of universal application. Calling the 


particular class of persons to which It refers, for brevity, 
by the letters (International Health Exhibition), 

then the rank of any individual among the l.H.E. males, 
aged 23*26, in respect to any of the qualities therein 
named, can be most easily ascertained ; also among the 
LH.E. females of the same ages. 

This method admits of h^ng extended in more than 
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one way. That for which there is most call is where the 
rank of the quality immediately in question, has to be 
considered in referaice to some other quality. Thus it is 
of little use to know the breathing capacity of the man 
unless we also knpw his statute or bis weight. Lungs 
capacious enough to enable a stnall man to labour vio- 
lently without panting would ba m^holly insufficient fot the 


ordinary purposes of a giant, just as an excellent lit^ 
boiler for a small steam-engine would be Ineffective with 
a large one. The diagram (see Fig. 2) appropriate to the 
case we are considering, could not be compressed into a 
single Hoe, but requires many. Successive Uaes in mgt 
Hgmne refor to the $accessive statureis Of 60 Ihdbeiii 6| 
inches, and so on up to 72 inches. A diagram of 
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iftg capacities fbr each of th^ statures was constructed in 
pwcil, on the principle of one of the lines in Fig, i ; 
then bold lines were drawn above downward to 
oonnect all the pencilled entries of the same value, just 
as isobars, isothetms, and other contour lines are drawn 
(to which the general name of isograms migl^ well be 
given). This completed the figure, which hardly needs 


651 


farther description^ either how to make or to use it. The 
importance of taking stature into account now becomes 
very evident. A breathing capacity of 320 cubic inches 
in a man of 72 inches stature has the rank of only 6^, but 
in a man of 60 inches it has the rank of 94®, Fig. 3 shows 
in a similar way the grade of any given strength of grasp, 
when the weight of the person is uken into account. 



Fig. 2. 



Fig. 3. 


When the quality that has to be marked depends upon 
more than one other quality-^as it may be desired to 
mark breathing capacity wkh reference Mh to weight 
and to stature— the simplest plan is to make a separate 
diagram Ibr each inch or second inch of stature, which is 
quite tiear enough, 1 have, however, contrived to m&ke 
a $ingle page serve far the whole process by using a 


didtng strip of paper. 1 have submitted it for inspection., 
but do not care to describe it. 

A strong reason far giving prominence to relative rank 
is that it affords the only feasible way of measuring many 
qualities; dififerences in absolute performance beny in- 
farred from rank, according to a principle now familiar to 
most anthropolo^sts, by using the well-known table of 
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thtt probability intenal. A small table based on 
latter, but of a totally different form, that 1 have lately* 
more than once published {op, a/., p. 205, and Nature, 
vol. xxxix. p. 297)1 very convenient for this sort of work. 
The following is a brief extract from it : — 


GrcuUs of J^ank from d* fo lOo"", to^ihci' with the Dcoiaiions ^ 
from the Mean V'^ahus at those Grades, 


1 

Gredeii 

d' I 

10 ° 

Id* 

3b'’ i 

40 '^ 1 

50^* 60 *^ 1 

jd 1 80 ° 1 


I>eTlaiion!ii 

-inUnitYj 

-x'g ! 

1 


' - 0 9 1 

-0-4 1 

! 0 *d -(■o' 4 j 

4 0*8 1*3 I 

+«'9 

Grades..... 

! 

1 9 ." 

r 

^ 3 “ 

: 94" 

: 95 " ! 

96 ^ i 97*=' 

1 98 ° ! gg'J 1 


Deviations 

+3 0 

+. I 

1 



i + a'6 i-a‘8 

i i __ 

j+S'' 1 + 3*3 ' 

-t- infinity 


Some of the consequences of marking separately the 
relative rank and jthe absolute performance are seen by 
the next table. Here the relative rank is in each case 
supposed to count between the grades of 50® and loo’^. 
Then, if it alone is considered, a man who stands at the 
grade of 99"" in a class that ranges within the limits of o"" 
and too”, will be seen to get very nearly the full amount 
of ten marks, wheteas if absolute performance is alone 
considered, he would get no more than seven marks. 
The full number of ten could be never actually reachedi, 
but only closely approached at some such high grade as 
99*99 . . The ngures in this table would have run very 
differently if the marks for relative rank had begun after 
and not after 50^^. Still more so, if the lower limit 
had been 99®, and more still if it had been 99“*9. It 
seems to me most reasonable, on the whole, that they 
should usually bVgin after 50®, as in the table : — 


Proportion nf marks 
assigned to 

Rank, o'^ to 100 *^. 

Relative. 

1 Absoltife. 

i 

■ ' 1 

7S- j 

1 

95 " 


99 '99 ■ • 

1 

All. 

1 None, 

: ■ ' '■ " ! 

. I'O 

1 

9*0 ! 


io‘u 

4 1 

! i 

• 0*7 

3*5 1 

6*9 

8*4 

lo'o 

1 

' i 

O-fi 

J“« i 

6 '2 

8'o 

10*0 

i 


i 0*5 

a 7 1 

5'8 1 

1 7‘7 

10*0 

None, [ 

1 

All. 

u'4 

1 1 *^— ■ 

3*0 

! 4’8 1 

7*J 

10*0 


The general conclusion to which these remarks lead is, 
that before arrangbig scales of marks, the first step is to 
measure a large number of persons who are of the same 
class as the expected candidates ; this has already been 
done to a considerable extent at Cambridge, at Marl- 
borough College, a^d elsewhere. Thence to make tables, 
and to deduce dii^rams from them like Fig. t in some 
cases, and like Figfe t* and ^ in others. These will exactly 
determine the quadities of the men to be dealt with, in 
a statistical sense. It is now the part of those who have 
to fix the scales of ^xnarks to determine the grade at which 
rank shall begin to count, and to arrange the weight to 
be given respectively to relative rank and to absolute 
pcrfotmance in ejatch sort of examination, 'fhis and a 
few other obvious preliminaries having been settled^ the 
construction of consistent scales of marks would follow 
almost as a matter of course. 

Experiments ot Eton College on ike Degree of Concordantx 
between different Examineri in assigning Marks for 
Physical Qualifications, By A, A, Somerville. 

An experiment was made at Eton in July last, with 
the object of obtaining information upon the following 
points: (1) whether it is possible to frame a system of 
marking for physical excellence, based partly upon Mr. 
Galton's system, and partly upon medical examination ; 

* The unit by which the deVixtions ere meatumd is half the difference 
Iwtween the perfenhaiiCQS of ihc persona who reepectlvviy occupy the fitrades 
35«and7S^ , 


(2) whether marks assigned bymedkal extoihers would 
be as safe a test of exmlence as assigned, e,g^ by 
examiners jn English essay. The eji^iment was con^ 
ducted as follows — A list of points was drawn up with 
the help of two able medical men. These points were ; 
(i) breathing capacity, as tested by the spirometer; (2) 
hearing— (3) eyesight, tested by Snellen^s type.; (4) 
strengm, tested by the grip dynanometer ; (5) endurance, 
tested as follows— afij^ the maximum reading of the 
dynanometer had obtained and registered for 

strength it was apdp' nearly as possible) obtained, 
and the nuxnber of a^nds during which the candidate 
could hold the needle of the dynanometer between this 
reading and the reading 10 below it was taken by a stop- 
watch ; (6) relation of height to weight ; h) girth and 
shape of chest ; (8) general muscular development ; (9) 
health record, partici^r inquiries being made as to 
rheumatism, asthma, scarlatina: (so) general aspect 
and condition. 

The first five points depend solely upon measurement, 
and consequently the marks of the two doctors arc the 
same for those points. The next point was marked, 
partly by impression and partly by reference to a table of 
averagesi but jit might be made to depend altogether upon 
averageia Tim seventh and eighth points were marked 
partly of chest, arms, and legs, and 

' The last tvs’o points depend 

opinion, and involved a tho- 
Ten marks were assigned 
examination was conducted inde- 
doctors in separate rooms. Thirty- 
two (t) twenty Army Class boys, 

including^ Successful candidates at the recent Sand- 
hurst and Woolwich Further Examinations, two members 
of the Cricket XL, and two members of the Rowing 
Eight ; (2) six other members of the XL ; (3) the re- 
maining six members of the Eight. The following table 
gives the final results, average differences per cent, being 
calculated with reference to a maximum 50, as the 
marks for the first five points are the same for the two 
examiners. (N.B.-— Letters arc substituted for the names 
of the boys.) 


Army B>y«. 


A • sH 58 
2 

C 8i4 8j 
X) 68 
g 70} 



K 5.-^, 

ii 77 

M 57 62 

N 59J 65 
O U 704 
P Mi 58. 


I If 

Orcktetit ^ ca jih 
Lean <liir«rcn^ . . . , | 

Per ceni.j 

Average difference. . . = 9*3 


Six Memherti of 
the XI. 



f>reate>t dif- 
ference . = 8^ 
Leoet differ- 
ence , , , = T 


Six Members of 
the Ktght 


A 78 I 79\ 

D 76 J 13 

15 67 70; 

F 7ii 76 


Greatest dif- 
ference. . 
Lea<t differ- 
ence . . . =3 


si 


Percent.! Percent. 

Averttgn udif- ! Average dif- 
It !/‘S ; ference. . «ij’3 


Averse differeace for 3'a boys . . ^ \ 



4-375 for max- 50 

8 ‘75 per cent. 


Ninctcon of the twenty Anpiy i?oy» were subsequently 
examined in English essay, the essays being marked 
independently by two examiners, with the following 
results : — 


A 

B 

C 

D 

E 

F 

G 


55 

50 

H 

J5 

10 

N 

50 

*5 

45 

50 

I 

40 


9 

70 

35 

40 

’ 35 ; 

1 

ftS 

40 

p 


63 

flo 

15 

as 

X« ' 

K 

L 

95 

35 

fS 

AO 

s 


*0 

as 

55 

40 j 

M 

*5 

30 

s 

40 

15 

35 

9S , 1 








OnAtett diffSerence , 
Leut diffiittetice 


' Averxec difference . 


. = 35 
,= 3 

Per cent. 
• = 
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Comparing the average difference. 167 per cent, be- 
tween the marks of $be examiners in English essay, with 
the average difference, 9*5 per cent,, for the skme boys, 
between the marks of the medical examiners, it seems 
fair to conclude that the marks assigned by the latter are 
at least as trustworthy as those given for English essay, 
which may be taken as a sample subject in a literal 
examination. 

It is hoped that similai- experiments will be undertaken 
at other places, so that materials msty be obtained for the 1 
comparison and discussion of different systems of mark- 
ing, and for the construction, ultimately, of the best sys- 
tems, Such experiments would be rendered all the more 
valuable by the introduction of fresh points of examina- 
tion, and by variations in the method of assigning the 
marks for the different points. 

NOTES. 

At a meeting of the Council of the Royal Society held on 
October 24, it was resolved that a Committee should be 
appointed to consider the desirability of raising some national 
memorial of the late T)r. Joule, and to take such action there* 


The following Science Lectures will be given at the Royal 
Victoria Hall during November : — November 5, Mr. A. P. 
Laurie, on “ Dust *’ j November 12, Mr. W. Furncaux, on “The 
Heart, and how it beats"; November 19, Prof. Judd, “The 
Forge of the Blacksmith God " ; November 26, Mr. J. E. Mart, 
“Greenland's Icy Mountains." 

The Morley Memorial College for Working Men and Women, 
adjoining the Victoria Hall, has begun a very vigorous life. 
Over 450 students have joined within three weeks of the opening 
day. In fact they come in with somewhat embarrassing rapidity, 
and volunteers (both ladies and gentlemen) are urgently wanted, 
both to teach classes and act as librarians. Six librarians are 
wanted to take one evening a week each, from 8 to lo. The 
library has received a valuable present from Mr. Passmore 
Edwards, who has given looo books. Others have given smaller 
parcels, so that the book*cascs which have been provided are 
quite inadequate, and more arc needed. 

Mr. W11.UAM Burgess, the founder and proprietor of the 
Midland Counties Fish Culture Establishment, died on Sunday, 
at Malvern Wells. 


upon ns they might think advisable. Sir Henry Roscoe was 
appointed the provisional Organizing Secretary. 

The W nlker Engineering Laboratories in connection with 
University College, JJver|>ooI, will be opened on Ijfttvember 2. 
The Lord President and Council of the College wi])j|l||;ertain Sir 
Andrew Barclay Walker, Sir John Coode, the memberiof the En- 
gineering Committee, and other distinguished guests at luncheon, 
served in the Walker Labomtories ; and in the afternoon a public 
meeting will l)c held in St. George's Hall, at which Sir John 
Coode, President of the Institution of Civil Engineers, will 
deliver an address, and the annual distribution oi medals and 
prizes will take place. In the evening there will be a reception 
at the Walker Laboratories, when the formal declaration of 
opening will be undertaken by the Hon Lady Walker. 

The am^ual exliibition prepared by the South London Entomo- 
logical and Natural History Society was opened at the Bridge 
House Hotel, London Bridge, S.E., yesterday, and will be 
open again this evening. These cxhituiions have become so 
popular that on the last several occasions upwards of 2000 
visitors have attended each evening. 

Dr. S. Weir Mitchell, of Philadelphia, has been elected 
President of the Congress of American Physicians and Surgeons, 
which will meet in Washington in September 1891. 

As it is expected that the Forth Bridge will be opened for 
passenger traffic in the spring of 1890, it is intended that the 
event shall be celebrated by the holding of an International 
Exhi(>ilion in Edinbutgh, specially devoted to electrical and 
general inventions and industries. The Exhibition is^under the 
patronage of the Queen ; and the Marquis of I.othian, Secretary 
of State for Scotland, is the President. The Vice-Presidents 
include the Lord of Edinburgh, the Lord Provost of 

Glasgow, the (elect) of London, Mr. Edison, and 

Sir John Fowler, executive have securetl a site of about 

ninety acres in extent, within easy walking distance of the centre 
of the town. On Monday, at a special meeting of the Elec- 
trical Trades Section of the London Chamber of Commerce, a 
resolution was agreed to, appointing a Committee to consider 
the conditions on which it might be -advisable to take part in 
this Exliibition. 

A convERSAZlONE wUl Iwi given by the Geologists' Associa- 
tion on December 6, 

A stATUE of the French chemiet, Nicolas Leblanc, Is about 
to be unveiled at Saint-Denis. Leblanc was bom at Issoudun in 
in 180b. He had a matmfactpry at Saint- 

lienis. 


j Lloyd's Agent at the Dardanelles telegraphed as follows on 
i October 28, 9,45 a.m. ; — “An earthquake was felt here on 
j Saturday. Very little damage has been done. Sigri Light- 
I house, Mytilene, destroyetl, als.) loss of life in island." 
i Prof. H. G. Seeley fmds that the pubic bone, which is of 
large sire, does not enter into the acetabulum in the Plesio- 
saurian genus Colyml)08Aurus from the Oxford Clay. In that 
genus, the clavicle and inter- clavicle are developed or small 
separate ossifications, on the visceral aspect of the large scapular 
arch, and hence are not usually seen, 

At the recent meeting of the Congress of German Men of 
Science and Physicians nt Heidelberg, Herr O. Ammon sub- 
mitted to the Anthropological Section some interesting results 
of observations he had made in Baden. These observations re- 
lated to 5000 soldiers. The tall men had generally long skuUb, 

’ or skulls of medium length, whereas the short men had round 
skulls. Most of the round -skulled men came from the Black 
Forest ; the long -skulled usually belonged to the valley of the 
Rhine, and were e-spccially numerous in towns and in the 
neighbourhood of the castles of ancient families. From this fact 
Herr Ammon concluded that the round- skulled men had been 
the original inhabitants of the Rhine valley, that they had been 
driven from it by long- skulled invaders, and that the latter had 
established themselves near the settlements of their victorious 
leaders. Having shown that there h a certain relation between 
the height of the figure and the shape of the skull, Herr Ammon 
went on to indicate the relation between fair hair and blue eyes. 
No fewer than 80 per cent, of the men with blue eyes had fair 
hair. He found also that physical growth is generally quicker 
in the case of the brown-eyed than in that of the blue -eyed type. 


At the last meeting of the Andersonian Naturalists’ Society 
of Glasgow, amongst the papers read was one by Mr. R. lurner 
Vice-president, on the Uredineie and Ustilaginea?. He ex- 
plained the relations of these mici-oscopic Fungi to otlier plants, 
and their ix>sition in the vegetable kingdom. They are all para** 
gitic upon some living plant, and consist of two essential elements 
—spores and mycelium. The spores are very diverse, the myce- 
lium very himiUr. The same mycelium gives rise to several 
different kinds of spores, each of these being formerly regarded 
as a different genus. The production of cliister-cui>s and of the 
spermagonia, with their so-called spermatia, was described. It 
was shown that these spermatia have been by no means esta- 
bliriied as equivalent to pollen in function. As an example of 
hetcroecism, the life-history of iVraww g^^amims was traced r 
first, the ftddiospore stage on the barberry, then the rust on 
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»uecee4ed and Amdlyt w ^mlnatioa 

talentMpWes and Uie prodii^ion again of a^idiam <m Imtimyk 
Many ddMT instai^ l)^eroec)«ia wen addabed^ and aome 
j^blema ipgsasw for the cotisideradon of members of the;Sb^ 
^c):y. The X^ttilagiaem were then shortly referred to^ and VsHlag& 
the oorn-Sfhtitj given as a familar example. The paper 
was illustrated by dUgratns, specimens, and the sections shown 
under the hiicroscopis. 

In a paper read before the Royal Danish Academy 
February, M* Adam Paulsen gave Mtwe interesting particulars' 
of observations made with the object of determining the height 
of the aurora. Two theodolites were used, the observing 
telescopes of which were replaced by short tabes having smalt 
holes at the eye ends a|kd metaUic croas wiies at the other ends. 
Two of the statkms u^e situate in the same magnetic meri^ 
dian, on opposite banks of the fjord of Godthaab, at a distance 
apart of 5800^4 metres. The vertical circles of the two 
theodolites were placed in a common plane by means of 
observations of Wuo fire ** signals given at each station. 
Signals were also exchanged on the appearance of an aurora 
which it was thought possible to measure, so that simultaneous 
observations were secured, and it Was previously agreed to 
direct the instruments to the haae, of the auroral arc. The 
observations . at Godthaab gave helgfats for different auroree 
ranging from o’6 to 67*8 kilometres. A second series of 
observations with the same apparatus and methods was made in 
by MM. Garde and Eberlin at Nanortalik, near Cape 
Farewell, the base-line in this case being 1347*8 metres, and. 
the values determined here ^erc i*6 to 15*5 kilometres. The 
results obtained by the itaff of .the Swedish International 
Expedition at Spitzbeigeh, -with a base of 573*6 metres, range 
from 0*6 to 3 p '3 kilometres^ These observations therefoie lead 
to the conclusion that atfrorse are by no means confined to the 
highest parts of our atmpspbere, but that they occur almost 
iiidifieteatly at all altitudes. In support of this view, M. 
Pahlien, gives accounts of several appearances of aurorse beneath 
the sutnmits of fnountains. It is interesting to 
cohere the new values with those given by previous observers. 
M. Fjiigat ca|tulated the heights of several aurorae which 
appasirtl^ in the autumh of 1870, and concluded that only the 
very lowest parts of the aurora came at all within the limits of 
our atmosphere ; he gave the actual limits as 150 to 500 kilo- 
metres For an aurora on October 35, 1870, M, Keimann 
found a height of from Soo to 900 kilometres, and Nordenskibtd 
came to the conclusion that the mean height of aurorae was 
about 200 kilometres. On the other hand, Lemstrom has 
observed aurorse as low as 300 metres, and M. Hildebrandssoit 
has seen auroras in a completely clouded sky. Considering all 
the facts of the case, M. Paulsen inclmes to believe that in the 
temperate spne, aurorae only appear in the higher layers of the 
atmosphere, whereas in the auroral sone, properly speaking, the 
phettomenoa is generally produced in the lower layers. 

In thOr new Quarterly Statement issued on behalf of the 
l^lestine Exploration Fund, it is stated that Dr, Torrance, of 
the Scottish Mission, has undertaken to conduct a serks of 
meteorological observations at Tiberias for the Fuad. Should 
Dr. Torrance be able to carry out this undertaking, the 
observations wfll, with those made at Saxona, now being 
pabHshed by Mr. Olaisher, and those made by Dr. Chaplia at 
Jerusalem, and reported in the Quarterly StatemeiU for 1883, 
place the Society aRer a few years in the possession of materials 
for a fairly complete aocoeot of the meteorology of Palestioe. 
Tiberias U 683 foet below the level of the Hediteounean, and 
the Society hopes that, as no itguktr series of oseteofologlcal 
H>bservatlQns has ever been made in auah a depressed skuation^ 
4 he tesolU may be eiEcepttotm% Interesting. As the neighbour- 


hood of Jorfobo is, becorniiig. tosOmweatent, aplace of ussidehce 
for ii^i^op^stan^ ike Society traafes that Oppoi$<iunity may befofie 
long presOT itsetf for meteotologicai obserVuti^ there aUo. 

Mggatine for October con- 
tain a climatologi^ table for the British Empire for the year 
j 888» fopm which we extract the following interesting dmails. 
Adelaide bad the highest shade temperature, 107** '5, on Decem- 
ber and was the driest station. Winnipeg bad the lowest 
shade temperature, '-4d*^4, in February, the greatest mean 
daily range, 33®*$, and the lowest mean temperature, 32**3. 
Colombo (Ceylon) had the highest mean temperature, 80^*9, 
and the greatest rainfall, 101 '06 inches. Malta had the least* 
rainfoll, 13*75 incheB# and was the least cloudy station. The 
highest temperature In the sun was registered at Calcutta, 
while London Ibolds the unenviable position of the 
dampest and most cloudy station. 

The Annuaire tie rOhervaioin Municipal (/<* MoUiiouris for 
1889 contains a considerable amount of meteorological infortnU' 
tion. Observations Appear to have been made in connection 
with every branch of this science, and the tables, showing the 
rasuits obtained in this and former years, are well constructed ; 
the whole being discussed by M. X.>eon Descroix, from an agri- 
cultural and hygienic, as well as the meteorological, point of 
view. In addition to this, M. Albert L<fvy contributes an ek* 
borate serji(^,iQf analyses of atr and water, samples of which had 
been gathal^ from various sources ; and Dr. Miquel his eleventh 
memoir on the micro-organisms that are found in them. 

Mr. Jambs K. Grbgorv has issued a catalogue of his valu- 
able collection of meteorites. The formation of this epUacrion 
was begun nearly thirty years ago, and now Mr. Gra||^ l^nda 
that he can numto upwards of 300 distinct "folUit^ " whkh,” 
be says, really places my collection among some of the largest 
in Europe as regards the number of falls, and in the average 
weight and excellence of the examples. ” As to tweaafpment, he 
has adsri||ed»;.w«ith a few variations^ the princiRtd the new 
Catalogtrii of abe British Mushum oolleaion in . 

It has been generally .that the mango weevil infests 

the pulp of the fruit, but iif'a fetter read at m recent meeting 
of the committee of the jiOTtlcultutai Society of Madras, 
from Mr. C. I. Denton, forwarding specimens of mangoes, 
called by the Canarese the bee mango, be states that the pecu- 
liarity of the fruit is that the stone contains a bee existing on the 
kernel. Specimens of the insect were forwarded by the Madras 
Agri^HoeticuUurat Society to Mr, Coates, of the Indian Museum, 
who identified them as Ctyptorhynchus mangiferay the mango 
weevil, Whose normal habitation is in the pulp of the fruit, and 
n<ti within the stone. The fruit sent to the Society was care^ 
folly examined, and the pulp was, in every case, free from the 
insect, which was only discovered when the stones from which 
the pulp had been removed were broken open* 

A THIRD edition of Mr. Thomas Greenf^OwT* ** Free Public 
Libraries ” is being prepared. Throe ye«fo ago, when the first 
edition of this work was pubUsbed, the total number of adop* 
tiofw of the Acts during thirty-six years was only 133. 
present there are 19a 

A HOOK on ^'The Bltds of Essex/' by Mr, .lili^r Christy^ Is to 
be published by subecription. It will form tWe second vc^ume 
of the ** Special Memohn of the Essex Field Club, The author 
has been collecting materials for this work for more than 
fifteen yearn, and he says that 271 spectes erf biMe Are described 
as havfi^f bm met with in £isex**a number wlridi has been 
exceeded hitherto ^ very fow ocher ccmntles. 

Wb have received the olfieial report of the proeeodfogs of ;lhW 
thirty^seventb meeth^ Of Amerieati AsstfoMo^ 
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A^Vianoement of Science* hdM at Cleveland in Au^st tSSS, 
Thi we D«;ed scairddy ^ay, contains addresses, ntpdrtSt 

and iMipers of |[raa£^tttreftt The Presidential address* deUvered 
by Ptof* S. P. Lant%* is on the history of out present views 
about radiant energy. 

Th& latest issue of the Proceedings of the Royal Society of 
Rdinl^rgh (Session X88S-S9) includes pp. 257-320 of voh xvh 
The following are the contents : — On the relation among the 
line* surface* and volume integrals, by Prof. Tail ; the develops 
ment of diarthrodial joints in birds and rntimmals, by Davicf 
Hepburn ; electrihcation of air by flame, by Sir Wm. Thomson ; 
on the pJacentfltion of the halicore dugong, by Prof. Sir 
'William Turner ; on the get^raphical distribution of some 
tropical diseases, and their relation to physical phenomena* by 
K. W. Felkin (with 16 plates) ; quaternion npte on a geo- 
metrical problem* by Prof. Tail ; the solubility of carbonate of 
lime in fresh and sea water, by W. S. Anderson. 

The thirteenth part of Cassell’s excellent *‘New Popular 
Educator” has been issued. It includes a good coloured plate 
representing the Kosegg glacier. 

The Glasgow and West of Scotland Technical College has 
issued its Calendar for the year 1889-90. Wc have received 
also the new Calendar the University Collie of Wales, 
Abe ryst with. 

An interesting paper on Japanese lac<|iier, read , lately by 
Mr. R, Hitchcock befoi'c the Chemical Society of Wasnmgton, 
Im been printed in the Proceedings of the United States National 
Museum. Japanese lacquer is the product of a tree, the /^/tus 
D.C., which grows throughout the main island of 
Japim ; ,i|t attains a large size, the trunks sometimes measuring 
a diameter. It is said the tree will live for forty years* 

but only oom^ratively young trees are valued for the production 
of lacKfUer. Having yielded for several years they are cut 
(town, the lacquer extracted from the branches, and young 
trees take 'places. Having given an account of the chemical 
comp6$UioU^)|f Ucquur, and described the uses to wMah it is 
applied, 'Mr* Hitchcock urges th$t it should receive more atten- 
tion than has bitherto been devplliip^, tp it by manufacturers in 
America. ** It gives a surface to woPd*^^ he says, ** much harder 
than our best cojfal varnish, without brittleness. It takes a 
polish not to be excelletl* which lasts for centuries, as we may see 
in the old treasures of Japan, It is proof against boiling water, 
alcohol* and, indeed, it seems to be insoluble in every agent 
known. It is the best possible application for laboratory tables. 
1 have a set of photographer’s developing trays that have been 
in use for more than a year, and I find them excellent and cheap. 
In Japan it is used for many household articles.” Unfortunatety* 

• lacquer poisoning from the fresh material is a serious danger. 
According to Rein, the poison is a volatile acid, and Mr. Hitch- 
cock suggests that it might be removed by a heat that would 
leave the lacquer uninjured. 

An isomer of camphor* CjoHiflO, has been prepared by Drs 
Wallach and Otto in Iho chemical laboratory of the University, 
of Roim This new substance is a liquid, to 

which the name pinpl is provisionally given* possessing a very 
Strong camphor-Uke odour. It is obtained by the action ^ 
, hydrochloric acid upon a welbcooled mixture of turpentine oil, 
glacial acetic acid* and ethyl nitrite. The hydrochloric acid is 
gradually add^ in the form of a concentrated solution, and hi addi- 
tion is followed by the separation of crystals of tbenitroso-chloride 
of pinene, on^ ul the terpenes* and the formation in ibm solution 
of the ncfW camphor. The whole « allowed to stand for 
atx^ twd^ hours at a low temperature to complete the preeipi- 
thtipn bf the first-named body* after which the crystals are 
' jlRe^ off* and the filtrate is snbteqncntly distilled in steam. 
A i^pid cveMton of gas occurs at the coiaraencement of the 


dist^atloD* sAw %h|n!h the pinol Is quietly conveyed over in the 
steahr. The distillate Separates into two distinct layers, and the 
aquCoUs layer is tead||)r separated by iheans of a funnel. The 
drij;^ distillate is then freed from acetic ether by fractional 
diMlIIation, an<l the higher boiling portion again distilled in 
steanL This redistilled product is simUarly separated from 
water, dried* and finally itself subjected to fractional distilla- 
tion ; when tho principal fraction* consisting of pinol with 
o small quantity of impurity, passes over l^tweep 182'' and 
iSlT C. The liquid thus obtained i« found to possess in a very 
marked degree the odouir of camphor* and it can be freed from 
the last traces of impurtfy by taking advantage of the action of 
bromine upon it Bromine yields with pinol a beautifully crys- 
talline dibromide, Ci^HioOBr,. On diluting the distillate, 
therefore, with twice its volume of glacial acetic acid, and 
running in k thin stream or drops of liquid bromine, the colour 
of the latter rapidly disappears, and, on evaporating, splendid 
rhombic crystals Of this dibromide are obtained. In order to 
recover the pinol in a pure state from the recrystallized dibro- 
mide, about a hundrecl grams of the Utter are boiled with excess 
of alcoholic potash for a whole day, and the product distilled io 
steam, separated from water, dried with solid potash, and re- 
peatedly fractionally distilled. Finally, pure pinol is obtained, 
boiling ctmstanily at 183-^**. Analyses of this product con- 
clusively' Ijpbint to the formula CjoHigO, the same as that ol 
ordinary camphor. Its constitution is proved to differ, however, 

I from the latter lx>dy by the nature of its oxidation products. 
Both potassium permanganate and dilute nitric acid oxidize it to 
carbonic anhydride, oxalic acid, and tcrebic aciii* C7H|(*04. The 
only possible constitution compatible with these facts is 
GH,p.CH 

I C\Hy-CHf yO ^C-CHg. 

while ordinary camphor is generally assumed on KekuU’s- 
authority to possess the constitution 

yCHa— CO. 

CsHy-CHC >C-CHa. 

An extremely interesting fact about pinol is that its nitroso- 
I chloride readily reacts with / 9 -naphthylamiac to form a base of the 
1 formuU CaoHgiNjOj, isomeric with quinine. This is the first 
I base of this empirical formula which has yet been artificially 
prepared. Solutions of both the base and its salts present 
similar fiuorescent phenomena to those of quinine and its salts. 

The additions to the Zoological Society's Gardens during the 
past week include a Gaur {/fosguun^s S ) from Pehang, Malay 
Peninsula, presented by Sir Cecil C. Smith* K.C.M.G. ; three 
Bine-crowned Hanging Parrakeets {I.oriculus ^ai^^aitfs) from 
Malacca, presented by Mr, A. Baker ; a Short-tailed Capromys 
(Capromys brachyurus) from Cuba ; two Heed Buntings 
{Embmtd 5 ch(Kniclm\ British, purchased ; three Dingo Dogs 
[Canis dingo <5 i 9 ), a While Goshawk 

a Berigora Hawk {Hitracidea btrigora)^ a Brush Turkey 
{Tdifgdlla lathami 9), an Australian Thkknec {Q'.dicnemus 
graiiarius) fcom Australia, received in exchange. 

OU/^ ASTRONOMICAL COLUMN 

The Natal Observatory. —The Report of this Observatory 
for 1888* which has recently come to hand, is a somewhat 
meagre one* aqd is chiefly occupied with the routine daily 
meteotolpgical observations. The small record of astronomical 
W0^ a^wved may perhw be explained by the circumstance 
the Superintendent* Mr. Nevill, has recently been appointed 
Government Chemist and Official Assaycr for Natal, that a labora- 
tory was erected for Wm in the early part of the year* and that 
he has alrei^y eammenced hU official duties in hU new capacity. 

Of direct astronomical work the Report only records ther 
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gontitie Work in ooiuie(^on with the mainteiiaiice of the system 
olooloolAl time signals ; a number of ob«ervations of the senith 
^(liptanoee of northern ftt$re and drcumpolars both above and 
below the Pole, fpf the oomparuion of dfecllnations as observed 
et Obaervatories^bn either side of the equator ; and some pro- 
gress ae having been made la the observatiotf Of pairs of equi- 
senith distance eltars for the determination of the latitude of the 
Observatory. The various computations undertaken at the 
Observatory have been pushed forward much more zealously. 
These embrace the comparison of the Greenwich lunar obser- 
vations for the decade 1878-87 with Hansen’s Ihnar tables ; 
the reduction of Mr. Campbell’s observations of the lunar crater 
Mvrchisoik « A, made at the Arkley Observatory in the years 
1883^84; and the reduction of the third year's tidal observations 
at Durt^n. 

The SpeC'ieum ok R Andrombd.is. — M r. Espin, who has 
recently discovered bright lines in the spectra of several long- 
period variables of SeCChi’s third type, has added another to the 
list ; R Andromedse, at the maximum just passed, showing a 
number of bright lines, F being very bright, so bright as to 
appear to prqjqct beyond the spectrum. The spectrum of the 
star had manifestly undergone a great change from ihe time 
when Dun^r made the very thorough study of it which he has 
recorded in his work on ** lis Etoiles a Spectres de la Troisi^me 
Classe.^’ Five of the seven variables included in Mr. I/>ckyer’s 
Species 10 of this type have now shown bright lines atma^dmum, 
wmlst Gore’s Nova Orionis, which should certainly be included 
in the same species, would make a sixth. The VjlQI^^bra In 
which bright lines have not yet been observed 
Minoris and a Herculis. ^ ' ' 

Comet 1889 1/ (Brooks, July 6).— The following e3piKmefl8 
ifi in continuation of that given in Nature for October 3 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEIC rS 89 NOVEMBER 3-9. 

/pOR the reckoning of Hme the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 24, 
is here employed.) 

At Greenwich on November 3 

Sun rises, yh. om. ; souths, iih. 43m. 40*43.; daily increase, 
of southing, o*5s. ; sets, i6h. 2801. : right asc. on meridian, 
Mh. 3S‘4m* ; deci. 15* 13' S. Sidereal Time at Sunset* 
I9h. 2101. 

Moon (Full on November 7, i6h.) rises, i5h. 30m. ; souths, 
2lh. im. i sets, 2h. 45m.*] right asc. on metidian, 
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Saturn, November 3, — Outer mamr axis of outer ring = 39"*, 
outer minor axis of outer ring « 5''*8 : southern surface viable 
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SEISMOLOGICAL WORK IN JAPAm 

n'^HE seismulogical work which has been accomplished in 
^ Japan is to a great extent described in fourteen small 
volumes published by a Society which was organized in t88o to 
•:tudy phenomena connected with earthquakes and volcanoes. 
This Society is called the Seismological Society of Japan, An 
epitome of a portion of this work is to be found in nine Reports 
on the volcanic phenomena of Japan issued by this Association. 
A glance at the first few volumes published by the Seismological 
Society shows that the attention of its members was directed 
towards seismometry. For several years attempts were made 
to record earthquakes by using the old types of earthquake 
instvumenis, such as columns balanced on end, bowls or tubes 
filled with liquid, pendulums with pencils or pointers writing on 
paper or smoked glass. The records obtained from instruments 
of this order were, however, gradually recognized as fwlng too 
indefinite ; the instruments indicated that shakings had men 
place, but they failed to measure them. All invitt^^tors 
recognized that to measure the movement of the eartn it was 
necessary, while the movement was going on, to obtain a steady 
point or platform relatively to which the motion might be 
measured. By the patient labours of investigators in Japan, 
which have extended over many years, this has lieen accomplished, 
and we now have pendulums and other forms of instruments 
which for small displacements are in neutral equilibrium, so that 
when the frames carrying these instruments are shaken back and 
forth or up and down there are certain portions of them whidi 
remain at rest. From these steady points pointers project which 
write the nioyemcnts or ipagntned representations of these 
movements upon suitably prepared surfaces. 

From the simple pendulum and style, tracing its movements in 
sand, and costing but a few pence, elaborate instruments, embroc* 
ing many new mechanical contrivances, and writing their move- 
ments with delicate siphons on continuously running bands of 
have gradually been evolved. With the assistance of 
thMlBl^uments many thousands of diagrams, each of which 
in absolute measures the back and forth motions of 
during an earthquake, have been obtained, and we 
how know the true nature of earthquake movement. We have 
learnt that, in many earthquakes which are quite perceptible 
and sometimes even alarming, tbe amplitude of motion may 
not exceed a millimetre, while if it reached 25 millimetres, or an 
inch, we might expect cities to be ruined. 

The results which have flowed from a study of these diagrams 
are numerous and interesting. We now know that the direction 
of movement in any given earthquake is continually varying* 
At one moment a point on the surface of the earth may be 
moving north and south, and the next moment it may bn 
moving east and west, while at other times it may be fallowing 
a iMth loo intricate to be easily described. 

More interesting observations relate to the period and ampli- 
tude of the earth’s motion, horn which may be calculated the 
destructive power, which depends partly on ihe maxtnnim 
velocity and partly on the suddenness of movement Some 
earthquakes commence with preliminary trqtnors, whldt have 
been recdirded with a frequency of eight or tea smves per seconds 
The back and forth movements of considerable amplitude 
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nAd forth mov«m«nt8» oonfiUtuting a gineater part of the ahaking 
that M aetiaiUei have oauallv & pcrloa of from three to five per 
•rcoD^* At the end of a diatarpanec the wave-^penod U almost 
alwamvery ipuqh g^ter than It is at the commencement or 
middle of a distumace. Quite recentty an earjdiquake was 
recorded in Japan* having a period of froin%ia to eight seconds. 

Observations like this are undoubtedly valuable irom a scien- 
tific standpoint* but many observations are of practical import- 
ance. For example, we now know that a seismic survey can 
be made of an^ given piece of property, and as the result of 
such a survey U may be found that buildings erected on one | 
side of the ^ven area may suffer very much more than those ! 
upon the other side. Again, we know that, because in severe 
earthquakes the motion at the bottom of a comparatively shallow 
pit is very much less than it is upon the surface, builmhgs may 
be partially cut off from earthquake motion by giving them 
proper foundations. 

in addition to the theoretical and practical results which have 
flowed from the study of earthquake diagrams, mechanical 
science has gained something from the new types of machines ^ 
that have been evolved. Now we know how to make pendu- 
lums astatic. New combinations in clockwork have been in- 
vented, new governors for machinery designed, some of which 
have already proved themselves nseiul for Other purposes than 
earthquake machinery. One machine, which has been the out- 
come of seismological work in Japan, and which promises to be 
of practical value outside the domain of seismology, is an in* j 
strument which records the vibrations in a railway train. With ; 
diagrams of these vlJtrations before us, we arc enabled to time | 
a train between stations, to see when it went quickly and when 
it went slowly, to note the duration of stoppages, to detect 
iiTCgularities on a line, as, for instance, those which may occur 
at crossings and points, those due to a want of ballast, variations 
in gauge, imperfections in bridges, &c. 

Seismometrical observations have not alone been confined to 
the observation of earthquakes proper, but observations have 
been made upon disturbances produced bv explosions of sub- 
»tancef^,f)|ke dynamite and gunpowder, the falling of licavy 
weights,' and tne moving of trains, dec. The records ol>taincd 
from these ex}>eriments have perhaps taught us more about the 
nature of earth vibrations than we have obtained from the ob- 
servation of actual earthquakes. So far as surface disturbances 
in superficial soil are concerned, we now know that the pheno- 
mena they present are anything but what we might anticipate 
as likely to occur in a tbeoreticmly elastic material. 

An extremely practical subject which has received attention 
in Japan has been observations and experiments upon the effects 
produced by earthquakes upon buildinpt ; an account of them 
— many of w'hich have been successfully put into practice by 
builders— is now being published as the fourteenth volume of 
the Seismological Society's Transactions. As this particular 
subject is of such vital im^rtance to the Government of Japan, 
who are continually erecting European structures, it is at the 
present time being discussed by a Committee of en^neers, 
architects, and others, summoned for the purpose by tne late 
Viscount Mori, Minister of Education. , 

The Imperial Government of Japan, by establishing in ^ , 
Meteorological Department an Earthquake Bureau, and Iti tlie ' 
Imperial University -a Chair of Seismology, have given an 
impetus to seismological investigation in general. In several 
parts of the country seismographs have established, and, 
at between 600 and 700 stations, records are kept of all disturb- 
ances which are felt. From these records we are now able to 
study the distribution of seismic activity, both with regard to 
space and time. For instance, we now know that the greater 
number of shocks originate on or near the eastern coast ; we 
know that there are many centrums,'* from some of which 
weak, and from others strong, shocks originate ; that, on the 
average, we feel in Japan at least two shocks per day. 

Inasmuch as eart^uake disturbances are relatively superficial, 
we may consider the area of disturbance as a very fair estimate 
of seismic effort. In xS&j the land area shaken was about 
660^000 square miles, and in it was about 562,000 square 
miles. 

Ilere we bavtt:|^ commencement of a series of interesting 
figures which msy# perhaps, be rdated to a heat-gradient'^to 
the fiuctuations in the ffow of the Black Stream, or to something 
hot jet thought about* 

Hitherto, when ftuqjying earBiquakes in relation to meteoro* 


logical changes, the position of the moon, the seasons, , we 
have been compelled to take very imperfect catalogues of shocks 
which have originated from “centrums ” as independent of eat^ 
other as most volcanoes are of each other. Now we are getting 
materia) which will enable us to study a group of earthquakes 
which have com? from a given origin. Disturbances in the 
ocean have not been overlooked, and the waves which Japan 
has sent to America, and those which America has returned, 
have been carefully investigated, and average depths of the 
ocean along several lines have been determined. In all in- 
stances it appears that the depths calculated from the transmis- 
sion of a scarwave arc a little less than the depths obtained by 
averaging the soundings. Does this mean that there is an in- 
completeness in the formulm which have been used ? or does it 
mean that sailors have allowed their line to run a little after 
striking bottom ? 

Other investigations which have been made relate to the 
effects produced by earthquakes upon the lower animals ; and 
one investigator, Frof. Sekiya, at one time kept pheasants pur- 
posely to observe their behaviour at the time of an earthquake. 
A conclusion arrived at is that pheasants, geese, horses, and 
other animals often show decided symptoms of alarm a few 
seconds before the occurrence of a severe shaking. The reason 
of this probably is that they are more sensitive to preliminary 
tremors than human beings. 

The rtlationship between volcanic phenomena, earth currents 
and magnetism, and earth disturbances, has not been unnoticed, 
while ipi^bcmaticians and physicists have had new problems 
> them respecting the determination of earthquake 
origin^ ijn^^epth of “ centrums,’^ the force required to cause 
destructlSk Kike the shattering and overturning of structures, the 
firopagation of surface waves, &c. 

The Observations of late years respecting the destruction of 
submarine cables have led Mr Forster, of Zant^ to the opinion 
that certain earthquakes are the immediate resmt of submarine 
landslips, and suggested to Japanese observers that something 
might be learnt by periodical soundings made along the Japanese 
shores. Volcanoes have not J^een overlooked, and many new 
facts have l>cen obtained for vulcanologists. For instance, we 
now know that many volcanoes have a definite ctirvaturc de* 
pendent upon ilie density and strength of the materials of which 
they are built, and given any two of these three quantities— curva- 
ture, density, and strength— we may determine the third ; thus, 
as pointed out by Mr. Becker, of the United States Geological 
Survey, may not the shape of lunar volcanoes, with an assump- 
tion as to the density of the material of which they are composed, 
lead to an opinion as to the materials out of which they are 
made? 

About the extremely minute movement!f*called earth tremors, 
which are probably in all places and at all times to be observed, 
much has been done. For three or four years, by a specially* 
contrived instrument, these have been recorded automatically. 
The investigation of these records has led to the conclusion 
that earth tremors arc closely connected with wind. When a 
heavy wind is blowing, tremors are usually strongly marked, but 
the more curious result is that they are often very marked in 
calm weather. An inspection of the tri-daily weather mai>s 
published in Japan shows that on these occasions a heavy wind 
ts blowing against high mountains 60 to 200 miles distant. 
From this it appears that earth tremors outrace storms inland, 
much in the same way that small waves outrace storms upon the 
ocean. Insomuch as earth tremors accompany heavy baro- 
metrical gradients, and these are related to the outpouring of 
fire-damp in our mines, it would appear a legitimate invesliga- 
tion to study the behaviour of a tromometer, say in the Newcastle 
area, in relation to the escape of underground gas. Hitherto I 
believe that , investigators in Great Britain have been observing 
seismometm tather than tromometers. 

With tlfeStf few remarks respecting the general nature of 
investigations which have been made and are yet going on in 
Japan, I will enumerate a few phenomena which require ex- 
planation, and suggest a few investigations which have yet to be 
imtlcrtaken. 

Large earthquakes are usually preceded by a series of short- 
period vibrations. These vibrations have an amplitude of about 
pne-lenth of a millimetre, and six to ten of them occur per secemd. 

a seismograph giving great multiplication, it is probable 
tfiat still smaller and more rapidly recurring waves may be 
recorded. These hitherto unseen portions of an earthquake 
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teuiy be the caiifte of the sound-phenomtna of earthc^uakes, and 
the motemenu which, ^thoit(;h not fielt by human beings, alarm 
the lower animals. Why are the lat^r movements of an 
'earthquake preened by tremots of this description? 

The rate at Which earthquake motion is propamfed is some- 
times very high. From Toronto to Ontario in the Charleston 
earthquake of t886 the velocity was over 15,000 feet per second, 
whilst at the destruction of Flood Rock, in 18S5, velocities of 
30,000 feet per second were observed. 

As was suggested by Sir William Thomson, observations like 
these may aoean that the rigidity of the Earth is greater than 
that of surface rocks. If it Is so, then, as Sir William suggested, 
extended observations may lead to the determination of these 
rigidities. In connection with this, it must be remarked, that, 
both for artificial as well as for natural disturbances, the velocity 
•of transmission varies with the intensity of the initial disturb- 
ance, the nature of the medium, ana it becomes less as a 
■disturbance radiates. General Abbot, however, in one instance 
noted an increase in velocity as a disturbance radiated. 

What is perhaps dosely connected with the above, or what at 
least is analogous, is the fact that at a given station the wave- 
riod becomes longer as a disturbance dies out, and it also 
comes longer as a disturbance radiates. One inference to be 
drawn from this may be that long-period earthquakes originate 
at a distance, a wave flattening out as it radiates, pretty much as 
it does in the ocean ; but Sir William Thomson has suggested 
that a long- period disturbance may be related to the dimensions 
of the focal cavity. Recently, in Tokio, an earthquake having 
a period of about eight seconds was observed. For se^f^ngraphs 
to record this, they must have 1>een tipped from side 

Another point of interest is that for mall cUsplaCements 
period increases with amplitude, but after a certain amplitude is 
reached the period is either constant or only increases very 
slowly. This observation apparently harmonizes earth motions 
with those of ideally elastic bodies. 

Another set of interesting observations is the relationship 
between normal and transverse movements. At a sliort dis- 
tance from an origin th* normal movement fUntinctly outraces the 
transverse motion, but when the amplitude of the normal motion 
has been decreased until it practically equals that of the trans- 
verse motion the separation between the movements Is niU A 
curious feature, especially in normal movements, is the fact that 
near an origin the movement inwards or cowards the source of 
the disturl^cc is greater than it is outwards ; further, as a 
normal wave radiates it tmay be observed to gradually break up 
into two waves, in consequence of which a diagram taken at one 
station may be very different from one taken at another. 

In conclusion, I will point out a few observations which, on 
account of the expedite they involve, the difficulty of obtaining 
observers, &c., have not, or at least only partially, yet been 
undertaken : — 

I. Velocity of Eartkqmke pTi^fagation, 

The importance of determining the velocity of earthquake 
propagation has already been noted, and it has been shown that 
on account of the difference in the aspect of diagrams at neighs 
bouring stations it cannot be done on a small area. The Im« 
perial Telegraph Department of Japan is at the present moment 
giving its assistance in this matter, but os so much depends upon 
telegraph operators who have duties to attend to, a number of 
specially constructed timepieces are required. 

3. A Gravity Obs£rvaio}y^ 

Many years ago Sir William Thomson suggested^the import- 
ance of an observatoy to determine whether there are changes 
in the value of G. In Japan we have a country where super- 
fleial and probably subterranean and suboceanic changes are 
taking place very rapidly. Last year the greater portion of a 
mountain was blown away, and on area measuring 12 miles by 
10 miles was, in ten minutes, or less, buried from 30 to 100 feet 
beneath a stream of earth and rock. What is going on beneath 
our volcanoes we do not know, but every now and then they 
pour out volumes of solid matter. Along the coast we have a 
sharp and deep depression, perhaps the deepest on the face of 
the globe. Do aabmarine landslips take place along this coast, 
as t^y most certainly have done in other parts of the wortdl " 

Lastly, may there not be on apparent change in the valwe of 
G, dependent np<m the time at which the observations have been 
made? At eeriain seasons tremor storms are very marked, and 
may not their minute movements have a cumuladve effect upon 


the small swings of peddiUims ased in gravity deteradnarions^ 
Pendulum observations of the oidinary kind have been made in 
many parts of Japan, from the summit of Fqjiyama to the Sohin 
Islands, but nelttier in Japan nor in anyolner portion of the 
world— so far as the writer is aware— has a pendulum been 
swung at a given point for a considerable period of time. 

3. OhstrvMiom on Submarine Chan^es^ 

Many of the Japanese earthquakes originate near the deep 
submarine depression which has been spok^en about. If any of 
these are due to suboceanic land slides or sinkings, as have been 
observed in the MetUteiranean arnl in the AiUntic, such changes 
might be noted by periodical soundings, and perhaps even by 
the recordstof tide-gauges. 

4. Magnetic Ohseri€ilioHs. 

Dr. Edmund Naumann called attention to the fact that nea, 
certain Japanese volcanoes there have been abnormal changes in 
declination. The volcanic rocks of Japan are exceedingly 
magnetic, and they are of .enormous extent. Many of the rocks 
in Fujiyama will deflect an ordinary compass needle through 180^. 
Now, as these rocks are sometimes hot and sometimes cold, 
whilst at the time of an eruption, and possibly at other limes, 
there are subterranean shifiings in the positions of these mag- 
netic maSsea, could not these changes be noted by establishing 
a magnetic observatory on the side, say, of a recent volcano like 
Fujiyama? 

5. Bending oj tl^ Earth Crust due to Tidal Load^ 

Some years ago, in conjunction with Mr. John Sioddart, 
Manager of the 1 alrashima Colliery, the workings of which ex- 
tend a considerable distance beneath the Pacific Ocean, the 
writer, liy means of a simple apparatus, endeavoured to measure 
any movement of the roof of the mine which might be occasioned 
by the rise and fall in the tide. Unfortunately, the apparatus 
together with other instruments were lost by a complete sub- 
sidence in one portion of the workings, and these observations, if 
they are of any value, have to be recommenced. 

6 . Tromometric Observations. 

A conlinuouB automatic observation of earth tremors has 
hitherto only been made in Tokio. Might not these observations 
l7e continued in a coal mining region to determine whether 
these minute earth movements, which are certainly connected 
with barometrical {changes, hold any relation to the outflow of 
fire-damp. 

7. Earth Currents. 

Have earth currents any relationship to earth tremors and to 
earthquakes ? Earth currents are produced when the ground is 
shaken by an explosion of dynamite, but this might be due to 
the Increase or diminution of pressure in the earth plates causing 
changes in chemical activity. Have earth currents been observed 
in the vicinity of an active volcano, or in relation to some large 
eaith fracture ? 

8. Earth Oscillations, 

In Japan the borings of marine shells, to or 12 feet above high- 
water mark, in very soft rock which ^ily disintegrates, shows 
that there has been a rapid movement m the earth’s crust rela 
tively to sea-level, Is it likely that this could be mea.sured, and 
the axis of the movement l>e determined, by repealing, at 
intervals of twelve months, the levelling of two lines running as 
nearly os possible at right angles to each other? It has been 
suggested that, if the movement is rapid, say 1 inch per year In a 
large bay like that of Tokio when the rise and fall of the tide is 
small, the isochronous observation of records obtained under ap^ 
proximately Similar conditions from a series of tide-gauges, tnd 
level at enm gauge relative to some fixed point on the ne&hboar- 
ing rocks being known, might furnish data which would be of 
vmne in the measuring of earth oscilUUons. 

These, then, are a few suggestions respecting work which nu|(ht 
perhaps bo better carried out in Japan than in most oftner 
ootintries. They ore laid before tms meeting for the purpose 
of obtaining an opinion as to how far they may be regiitded 
fegithhAte aubteots for investigation ; and if the members of the , 
meeting will freely oritioiae them, or sugg^t other HneS of i;e? 
search, « benefit iriU be cohferreo upofi in Japans htid 

on all who are interarted in earth pnysiGij^ 
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CA«tBmiDOK.*^The Smitb's hftye be«n Adjudged as 

To H. F. Baker, B.A*, of St. John's Cfolksge, for 
Ids easay' entitled **The Complete System of 14^ Concomitants 
of Thm Ternary Quadrics, in terms of whioh all others are 
expressible as Ratkml Integral Algebraic Functions, with an 
Account of the Present Theory of Three such Forms. ' To J. 
H. Mlchell, B.A., of Trinity College, tor his essay entitled 
*'Tho Vibrations of Curved Rods and Shells/’ The adjudi- 
cators place the two names in atphabetical order, not desiring 
to assign prece^nce to one essay over the other. Mr. Baker 
and Mr. Michell were bracketed Senior Wnngters in 1887. 


SCIENTIFIC SERIALS. 

RivtM <1* Anthropoh^U^ troisi^me sdrie, tome iv., cinqui^me &sc. 
(Paris, 1889)- — A chart of the colour of the eyes and h^r in 
France, by M. Topinard. The author explfuns at length the 
method he has adopted in elaborating the great mass of materials 
supplied him by the aooo collaborators, at home and abroad, 
who responded to his appeal when, in 18^, at the suggestion of 
T>r. Beadoe, he undertook to examine the relations between the 
colour of the hair and the eyes among different peoples. In this 
chart of the general distribution of the blonde and the brunette 
types in the several departments of France, the variations be- 
tween the extremes of these elements are clearly indicated by 
various shades from white to black. We are thus able at a 
glance to observe that while France generally admits of being 
divided into two great zones, the one occupying the north*east 
and the other the south-west of the French territories, each 
includes one or more departments in which an opposite type 
crops up. In moat instances this anomaly may oe accounted 
for by the early history of the invasions and foreign settlements 
to which France was subjected before its various parts were 
welded together. Thus it appears that the blonde races entered 
both by land from the Low Countries on the east, and by sea from 
Belgium, the Franks and Burgundians having invaded the 
counitry on one side, white Franks, Saxons, Normans, and 
Britons advanced on the opposite side. Similarly, men of the 
brunette type entered France on orte hand from the Ligurian 
coasht of the Mediterranean, and on the other from Iberia. A 
curious fact is mentioned byM. Topinard— that, while the blonde 
races followed the left bank of the Rhone valley, the dark races ad- 
vanced along th3 Bay of Biscay as far as the Vendee, where the two 
came into contact, the latter being soon repulsed, and forced to 
foUow the course of the Lioire os tar as BIois, By a comparison 
of the various tables it appears that some departments show a 
predominance of one colour in relation to the eyes, and an 
opposite one in regard to the hair. There is, however, only -one 
department which can be classed os being blonde in relation to 
the hair and brunette in regard to the eyes. This, and various 
other anomalies, presenting great interest froni an ethnological 
point of view, have been considered by M. Topinard with his 
usual ability, and although he treats only of the relative distri- 
bution of colour in the eyes and hair among the French people, 
his paper is a model for similar investigations, and worihy tbd" 
gratkttde of all ethnological inquirers.— Kashgaria, and the 
passes of Tian-Shan, by Dr. N. Sccland. In this concluding 
number of his contributions to our scanty knowledm of this 
part of Turkestan, the writer describes his visit to the city of 
Aksou, lying on a plain 3500 feet above the level of the sea, and 
not far from the River Aksou-Daria. — The Stone Age in Italy, 
by M. P. Castelfhmco. This is a concise, yet comprehensive, 
descriprion of thtb huih^n and other osseous remains, and of the 
various objecu found in the P^seoUthic stations of Italy in 
recent years, giving all necessary details cooceming the times 
of discovery, and the character m the several oaveauad stations 
where they occurred. As yet them is no evidence of the exist- 
ence of man in Italy in the Tertiary og^ ; his sq>pearmnce there 
being apparently not earlier than the close of the Quaternary, 
and eontempowmouB with tirsus x/r/enat. The period of m 
Cavo^wellers must, however, have coexisted with certain phases 
of emlization, since, in Liguria more especiatly, jade arms are 
found blended with bone and stdne weapons and dtbor implex 
nsants in the graves of these Italian Trogtodyfos, whose raiiaint 
tlose^ resemble those of the Cro Magoou men. Thus for, the 
Rads in Italy, which the author describes at great length, dO 
isdt adtttit of reforred with day exacritude to the suchearive 
of the rakeoHtyn Age recoghised elsewhere. The 


vriue of M, Castelfranco's treatise is increased by an appen dix 
of bibliographic notices, which will be found of gmat use to the 
English reader. 

SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, October ai.— M. Des Cloizeaux, 
President, in the chair. — Researches on the relations existing 
between the physical characters of plants and the proportion of 
elements of fertiU^ in the soU, by M. G. Ville. The composi- 
tion of the soil innuences colour, size, weight, general aspect, 
the amount of carotine, and that bf chlorophyll. In plants with 
nitrogen predominating (hemp, wheat, &c.), least carotine is- 
found when a manure without nitrogen has b^n used ; in those 
with potash predominating (potato, ^ne), when potash has been 
suppressed. The variatioDS in chlorophyll correspond to those 
of carotine. For each plant there is a time when the con* 
trasts of colour reach thehr maximum. M. Ville shows, in a 
diagram, how a hemp plant varied with difforent manures. — 
Observations of Barnard’s comet (September 2, 1888) 1889, 1., 
made wiih the 0*38 m. equatorial of Bordeaux Observatory, by 
MM. G. Rayet and Courty, by M. G. Hayet.^ — On a method of 
measuring the flexure of a mural circle, independently of the 
telescope, by M. Pdrigaud. A rigid rod, the length of the dia- 
meter, is attached to the axis, so as to be able to turn round it 
and be fixed in any position. Divisions traced on it, near the 
ends, are examined through two microscopes I8o^ apart. After 
one reading, the circle is turned 180% and a second reading 
taken.— On the invariants of a linear and homogeneous differ- 
ential equation, by M, Mittag-Leffler. — On surfaces of which 
the is reducible in several ways to Liouville’s form, by M. 
G. Koenigs. — On (he simultaneous synthesis of water and hydro- 
chloric acid, by MM. P. Hautefeuille and J. Margottet. Mix- 
tures formed by adding chlorine to the gaseous elements of water, 
or oxygen to the elements of hydrochloric acid*, were exposed 
to the electric spark. If the volume of chlorine is more than 
half the hydrogen, the ratio of the numbers of equivalents of 
water and hydrochloric add formed is always less than unity, 
and it diminishes rapidly with increase of the chlorine ; when 
it is double the hydrogen, the water ceases to be appre- 
ciable. When oxygen is added to the elements of hydrochloric 
acid, the above ratio is always less than unity, but varies only 
between narrow limits, in increasing the ratio of volumes of O 
and H from i to 3.— On the existence of sulphate of pbospho- 
nium, by M. A. Besson. Dry gaseous phosphoretted hydrogen 
passed into sulphuric acid kept at 20" to 25** below zero, is largely 
al«orbed, the liquid becoming syrupy. The product is 3 ien 
pmtty stable, and may be kept at a fev^ degrees below zero. 
On decanting, a white very deliquescent crystalline mass is 
found, which seems to be sulphate of phospnoniuin. Thrown 
into water at ordina^ temperature, it is decomposed with a 
crackling noise, liberating phosphoretted hydrogen without reduc* 
tion of sulphuric acid. The white mass, os it rises to the ordinary 
temperature, decomposes with reduction of sulphuric acid and 
oxidation of phosphorus. — On the action of ammoniacal sulphate 
of copper on sorbite and on mannite (a reply), by M. Guignet. 
—On the of ammonia in the nutrition of the higher plants, 
by M. A, Miintz. He finds, by experiment with bean, maize, 
hemp, Ac., that such plants can directly absorb ammoniacal 
nitrogen by their roots ; the nitrification of ammonical manures 
npt being indispensable to their utilization. — On the mucous 
canals of Cyclopterides, by M. F. Guitel. There are three 
systems of these, two maxiUo-opercular (one on each side), and 
one madian, with symmetrical halves. Each half of the J^ter 
system (tn Lipari^) has eleven orifices, and each maxillo-oper 
cttlar system seven, inakii^ thirty-six. Full details are given.— 
New oontrihu cions to the geological study of the Lower Alps, 
by M. W. Kilian. In the Upper Jurasric epoch there seem to 
have been a series of coralligenous reeft in the position of the 
mountains of Ubaye ; and a shallow part Of the Oolitic sea is 
here indicated. The eastern limit hitherto assigned to the 
Lower Cretaceous sea should be put back considerably. — On a 
new ^ay Of preparing oxaipide and oxamic acid, by M. E. 
Mathmu-Plcssy. Oxidate of ammonium is introduced into fused 
nitrate of ammonia, and the whole kept four hours between 170® 
and 175*.— Attempt to produce an iodide of nitrogen photometer, 
by M. G. Lion, This is based on comparison of the volumes 
of nitrogen produced in equal times, by the light examined, 
and by a light standard.-^Volumes on the life and works of 
D’Alembert (Strand), and on the flight of birds (Marey), Ac., 
were presented. 
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Berlin, 

Meteorological Society, October 8. —Dr. Vettin, President, 
in the chair. — Prof, Assmann spoke of hU meteorological ex- 
periences on the Sentis (Canton Appcntell). In order to be 
able to reply to^the objections whi^ nave been raised in many 
quarters against his aspiration-tbehnometcr, he submitted this 
instrument, in the form which 4t has now assumed, to a testing 
under the roost unfavourable conditions. The instrument ought 
to record the temperature Of the surrounding air alone even when 
exposed, to the most intenae antar radiation, and not be in any 
way affected by the latter. Ip, order to determine whether it 
conforms to the above leqnirem^t or not, he lived for four 
weeks on the Mentis, mid found, as the outcome of several thou- 
sand experiments, that ,the instrument thoroughly acts up to 
>of it, when its form, as originally exhibited to 
4 he SqcieW, is m9d,ified so that a constant current of air is dmwn 
.through thr metilujiic tube which Surrounds the thermometer by 
means of an arrangement of clock-work. This dock- work is 
attached to the upprr end of the tube, and drives a fan with 
con4derable velocity, thus forcing the air out of the tube at the 
top and ,drawmf? it up from the Tower portion of the tube ; by 
this tneahs a rapid constant current of air is kept streaming over 
the bulb of the thermometer. He had previously satislied him- 
self by direct experiments with bot water that the indications of 
the thermometer are not in any way aflccted, even when the 
Xehtperature of the« mjCtal tube which surrounds it is raised to 
20* lip. alx»ve tbatpf the surrounding air. On the Sentisnhow* 
ever, the direct solar radiation never raUcMl the tei)Ciperature of 
the metal tulve by more than 3"* C. The solar radiation, mea- 
sured by means of a blackened thermometer /;/ vacm, was 
33“ C., while at the same time the temperature of the air was 
3^C. Simultaneously with the speaker^ own measurements of 
. temperature on the Sentis, Dr. Siegfeld, in Munich, made similar 
measurements with a similar instrument in a balloon floating at 
a height equal* to that of the Sentis peak ; and further, at the 
same time, a corresponding set of experiments were carried on 
in a ballon at Berlin. It i^ his intention to publish an account 
of these interesting experiments in some scientific treatise which 
will appear shortly. Dr, Assmann further described the ar- 
rangement of the meteorological station on the Sentis, his testing 
of the instruments which it contains, and a prolonged aeries of 
ve^ interesting observations on thunderstorms, which were of 
daily occurrence : theSe storms were remarkable for the sudden- 
ness of their development, and the very striking cloud- formations , 
by which they were accompanied, the latter being recorded 
photographically. Ope of his most striking experiences was of 
a fall of hail which lasted for an hour and alialf, the hail falling 
from a cloud which was not more than 350 metres above him. 
He concluded his address by a very full description of a series 
of observations on cases of St, Elmo’s fire which were charac- 
terised byisoousticaliraiher than optical phenomena. — Lieutenant 
^ross gave a short account of the balloon journey vrmcli be 
made in order to determine, simulUneously with the obseryptions 
on the Sentis, the temperature of the air in the hijgher\T^ions 
above Berlin. The .balloon reached an elevation of" 3600 
metres, at whixdi height the ti^pcraiure recorded was -7^C., 
the temperature at the earthls ;^rfacc being at same thne 
+ 25'’C. — Dr. von Donlcelmahh exhibited a series curves 
temperature and ai^pressu^e which hod bemi r^gistqred in 
Cameroon by meana w ’Relf-recording insti^WnU* 
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